
Kacie Jensen

From: Dick Christie [dchristie@InfoAve.Net]

Sent: Wednesday, December 28, 2005 2:18 PM

To: Alison Guth

Subject: FW: American Eel Report

Page 1 of 2FW: American Eel Report

10/31/2007

Hi Alison - these comments also include Steves thoughts. Thanks.

From: Alison Guth [mailto:Alison.Guth@KleinschmidtUSA.com]
Sent: Monday, December 19, 2005 11:34 AM
To: Steve Leach; 'Prescott.Brownell@NOAA.gov'
Subject: FW: American Eel Report

Pres and Steve,

I was going back through comments and such and came to a shocking realization, somehow you guys were left
off of the distribution list. I apologize for the oversight, take a few weeks and let me know if you have any
comments. Could you have comments back to me by the first week in January? Thanks so much and I hope you
have a wonderful holiday season. Alison

-----Original Message-----

From: Alison Guth

Sent: Thursday, November 03, 2005 11:27 AM

To: Shane Boring; 'Amanda Hill'; 'ARGENTIERI, WILLIAM R'; 'Hal Beard'; Alan Stuart; 'mark_a_cantrell@fws.gov'; 'SUMMER, STEPHEN E';
'rmahan@scana.com'; 'dchristie@infoave.net'

Subject: American Eel Report

Good Morning,

Attached to this email is a draft copy of the 2005 American Eel Survey Report. Please take a look at it and let me
know if you have any comments by November 18th. If at all possible, please put any edits to content in track
changes. It is quite a large file, so let me know if you have any problems opening it and I will get it to you another
way. Thanks so much for all of your involvement, and as always, give me a call if you have any questions.

Thanks,
Alison

<<Diad Fish Eel Survey (11-3-2005 acgdraft).doc>>
Alison Guth
Licensing Coordinator
Kleinschmidt Associates
101 Trade Zone Drive
Suite 21A
West Columbia, SC 29170
P: (803) 822-3177
F: (803) 822-3183
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From: Shane Boring
Sent: Tuesday, December 06, 2005 11:44 AM
To: Tom Murphy (murphyt@dnr.sc.gov); Amanda Hill (amanda_hill@fws.gov);

BARGENTIERI@scana.com; Boozer Tommy (tboozer@scana.com); Dick Christie
(dchristie@infoave.com); Ed_Eudaly@fws.gov; Hal Beard (BeardH@scdnr.state.sc.us);
HOFFMAN, VAN B; Laura Blake (E-mail); RMAHAN@scana.com; Ron Ahle
(ahler@dnr.sc.gov); Steve Summer (ssummer@scana.com); Alison Guth; Alan Stuart

Subject: November lake Murray Wood Stork Survey

All:

A memo summarizing the final Lake Murray wood stork survey for 2005 is attached and will be posted to the Saluda
relicensing website. Although there was a lot of wading bird activity, no wood storks were observed. The draft summary
report for the 2005 surveys will be issued within the week. Thank you for your continued interest in the wood stork study.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

November 05 wood
stork update....
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MEMORANDUM

TO: Saluda Hydro Project Relicensing Stakeholders

FROM: Shane Boring

DATE: December 6, 2005

RE: November 2005 Wood Stork Aerial Survey Observations

Dear Relicensing Stakeholder:

The final Lake Murray Wood Stork Survey for 2005 was performed on Wednesday, November,
23rd. Although wading birds were extremely abundant and active on the lake at the time of the
survey (particularly great egrets), no wood storks were observed. A draft report summarizing this
year�s wood stork surveys will be issued by mid-December. Thank you for your continued interest
in this issue, and as always, please feel free to contact me should you have any questions.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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From: Shane Boring
Sent: Tuesday, November 22, 2005 5:06 PM
To: 'Amanda Hill (amanda_hill@fws.gov)'; 'Hal Beard (BeardH@scdnr.state.sc.us)'; 'Prescott

Brownell (prescott.brownell@NOAA.gov)'; 'Steve Summer (ssummer@scana.com)';
'dchristie@infoave.net'; 'Mark A. Cantrell (mark_a_cantrell@fws.gov)'; 'Steve Leach'

Cc: BARGENTIERI@scana.com; 'Steve Summer (ssummer@scana.com)'; Alison Guth; Alan
Stuart

Subject: 2005 Lower Saluda/Upper Congaree River Diadromous Fish Study Summary Report -- Draft
for Agency Review

Hello folks:

Attached for your review is the Draft Summary Report of SCE&G's diadromous fish sampling efforts in the Lower Saluda
and Upper Congaree Rivers during 2005. Please have your comments back to me by December 14, 2005. This will allow
sufficient time to incorporate any changes to the 2006 study plan that are deemed necessary based on the 2005 results.
Thanks for your continued input and interest in the Saluda Diadromous Studies.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

2005 Saluda
Diadromous Summary...



Cheryl Balitz

From: RMAHAN@scana.com

Sent: Tuesday, November 08, 2005 4:58 PM

To: BARGENTIERI@scana.com; Alison Guth

Cc: Shane Boring; Amanda Hill; Hal Beard; Alan Stuart; mark_a_cantrell@fws.gov; SUMMER,
STEPHEN E; dchristie@infoave.net

Subject: RE: American Eel Report

Page 1 of 2American Eel Report

6/18/2007

I saw only a couple of small items. One is the expiration date for the current Saluda license, which is not August
31, 2005, but 2010. And I’m not sure it is correct to say that the Saluda project lies along the banks of the Saluda
River so much as astride the Saluda River – or words to that effect.

From: ARGENTIERI, WILLIAM R
Sent: Tuesday, November 08, 2005 4:08 PM
To: 'Alison Guth'
Cc: Shane Boring; 'Amanda Hill'; 'Hal Beard'; Alan Stuart; 'mark_a_cantrell@fws.gov'; SUMMER, STEPHEN E;
MAHAN, RANDOLPH R; 'dchristie@infoave.net'
Subject: RE: American Eel Report

Alison,

Good job on this report. I have added wording and one comment on page 15, just above
Table 1 (see attached document).

Bill

From: Alison Guth [mailto:Alison.Guth@KleinschmidtUSA.com]
Sent: Thursday, November 03, 2005 11:27 AM
To: Shane Boring; 'Amanda Hill'; ARGENTIERI, WILLIAM R; 'Hal Beard'; Alan Stuart; 'mark_a_cantrell@fws.gov';
SUMMER, STEPHEN E; MAHAN, RANDOLPH R; 'dchristie@infoave.net'
Subject: American Eel Report

Good Morning,

Attached to this email is a draft copy of the 2005 American Eel Survey Report. Please take a look at it and let me
know if you have any comments by November 18th. If at all possible, please put any edits to content in track
changes. It is quite a large file, so let me know if you have any problems opening it and I will get it to you another
way. Thanks so much for all of your involvement, and as always, give me a call if you have any questions.

Thanks,
Alison

<<Diad Fish Eel Survey (11-3-2005 acgdraft).doc>>
Alison Guth
Licensing Coordinator
Kleinschmidt Associates
101 Trade Zone Drive
Suite 21A



West Columbia, SC 29170
P: (803) 822-3177
F: (803) 822-3183

Page 2 of 2American Eel Report

6/18/2007
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From: Prescott Brownell [Prescott.Brownell@noaa.gov]
Sent: Thursday, March 17, 2005 10:52 AM
To: Shane Boring
Cc: Mark A. Cantrell (mark_a_cantrell@fws.gov); Amanda Hill (amanda_hill@fws.gov); 'Steve

Summer'; Alan Stuart; BARGENTIERI@scana.com; RMAHAN@scana.com; Alison Guth
Subject: Shortnose sturgeon HSI Curves

Revised SNS
Model.xls (26 KB)

Shane Boring wrote:

>Hello All:
>
>Attached for your review are the draft meeting notes from our 3/2/05
>conference call with NOAA Fisheries regarding shortnose sturgeon
>sampling/permitted. If possible, please provide me with your comments
>by Thursday, March 31st, 2005. Thanks for your continued interest and
>participation in the diadromous fish sampling issue.
>
>C. Shane Boring
>Environmental Scientist
>Kleinschmidt Associates
>101 Trade Zone Dr., Suite-21A
>West Columbia, SC 29170
>Phone: (803)822-3177
>Fax: (803)822-3183
>
>
>
>
>
Hello Team,
Attached is an excel file with draft HSI curves for shortnose sturgeon
spawning and larval development habitat that are part of a draft model
we are developing for application in SC. We have used the curves
already in several IFIM/PHABSIM studies, based on fairly extensive
expert review.

fyi

PB



Revised Shortnose Sturgeon Spawning Habitat Model
V3: Substrate, spawning and incubation.

Code SI Substrate DescriptioniDescription
1 0 Mud, soft clay/fines
2 0 Silt, sand< 2.0mm
3 1 Sand/gravel>=2.0mm
4 1 Cobble/gravel>64mm to 250mm
5 0.8 Boulder, 250-4000mm
6 0.4 Bedrock
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From: Amanda_Hill@fws.gov
Sent: Wednesday, January 26, 2005 10:16 AM
To: Shane Boring
Cc: Alan Stuart; Alison Guth; BARGENTIERI@scana.com; Hal Beard

(BeardH@scdnr.state.sc.us); 'dchristie@infoave.net'; Jeff Isely (jsiely@clemson.edu);
KMASSEY@scana.com; 'leachs@dnr.sc.gov'; 'mark_a_cantrell@fws.gov'; Prescott Brownell
(prescott.brownell@NOAA.gov); RMAHAN@scana.com; Steve Summer
(ssummer@scana.com); EPPINK, THOMAS G

Subject: Re: Final Saluda Diadromous Fish Study Plan 2005-01-11.pdf

Shane,

Just a few comments on the final plan.

Page 3, 5th paragraph: The species list to be compiled during the study should record all
species encountered, not just diadromous species.

Page 3, last paragraph: Icthyoplankton samples should be preserved in
Buffered Neutral Formalin (BNF), not in alcohol. The alcohol may effect
the eggs making identification difficult

Page 4, paragraph (b): We recommend the draft and final reports be provided to the
resource agencies prior to December 31, 2005. If
additional field work is warranted in 2006, then an appropriate
amount of time should be provided for preparation. We recommend the Final
report be provided no later than Nov. 1, 2005

Thanks,

Amanda Hill
Fisheries Biologist
U.S. Fish and Wildlife Service
176 Croghan Spur Rd., Suite 200
Charleston, SC 29407
843-727-4707 ext. 24
843-727-4218 fax
amanda_hill@fws.gov

"Our mission is working with others to conserve, protect, and enhance fish, wildlife and
plants and their habitats for the continuing benefit of the American people."
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From: Shane Boring
Sent: Monday, December 18, 2006 10:38 AM
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; Brandon Stutts ; Buddy

Baker ; Dick Christie; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle
Cc: 'Tom Murphy'; 'Ed_Eudaly@fws.gov'
Subject: Saluda Hydro Relicense: November 06 wood stork update

November 06 wood
stork update....

ll:

The final Lake Murray Wood Stork Survey for 2006 was performed by Tom Murphy with SCDNR on
Monday, November, 27th. No wood storks were observed. Tom did note that a number of the
wetlands along the Saluda above Lake Murray, which were dry during previous surveys, have
refilled due to recent rains. He added that storks were still present in low numbers
along the SC coast at the time of survey, but suggested that the impending cooler weather
would likely drive these birds south in the near future. A draft report summarizing this
year’s wood stork surveys will be issued by January 1. Thank you for your continued
interest in the Lake Murray wood stork surveys.

Thanks
C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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MEMORANDUM

TO: Saluda Hydro Project Relicensing Stakeholders

FROM: Shane Boring

DATE: December 18, 2006

RE: November 2006 Wood Stork Aerial Survey Observations

Dear Relicensing Stakeholder:

The final Lake Murray Wood Stork Survey for 2006 was performed by Tom Murphy with SCDNR
on Monday, November, 27th. No wood storks were observed. Tom did note that a number of the
wetlands along the Saluda above Lake Murray, which were dry during previous surveys, have
refilled due to recent rains. He added that storks were still present in low numbers along the SC
coast at the time of survey, but suggested that the impending cooler weather would likely drive
these birds south in the near future. A draft report summarizing this year�s wood stork surveys will 
be issued by January 1. Thank you for your continued interest in the Lake Murray wood stork
surveys.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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From: Jennifer Summerlin
Sent: Tuesday, December 12, 2006 9:25 AM
To: 'Wade Bales (balesw@dnr.sc.gov)'; 'Amanda Hill'; 'Bill Argentieri'; 'Dick Christie'; 'Gerrit Jobsis

(American Rivers)'; 'Hal Beard'; 'Jim Glover'; 'Prescott Brownell'; 'Randy Mahan'; 'Ron Ahle';
Shane Boring; 'Steve Summer'; Brandon Kulik; Alan Stuart

Subject: Saluda Relicensing: November 28th LSR Site Reconn

All:

Attached below is a summary of the November 28th lower Saluda River site reconnaissance. If you have any comments,
please have them back to me by December 27, 2006.

2006-11-28 Saluda
Instream Flo...

Thanks,

Jennifer Summerlin
Scientist Technician
Kleinschmidt Associates
101 Trade Zone Drive, Suite 21A
West Columbia, SC 29170
P:803.822.3177
F:803.822.3183



Kacie Jensen

From: Gerrit Jobsis [gjobsis@americanrivers.org]

Sent: Tuesday, November 28, 2006 8:49 AM

To: Alison Guth; mpqandrhq@bellsouth.net; balesw@dnr.sc.gov; Amanda Hill;
BARGENTIERI@scana.com; Dick Christie; Hal Beard; Jennifer Summerlin; Jim Glover; Malcolm
Leaphart; mquattlebaum@scana.com; Prescott Brownell; RMAHAN@scana.com; Ron Ahle; Scott
Harder; Shane Boring; Steve Summer; Theresa Thom; Brandon Kulik; Alan Stuart

Subject: RE: IFIM/Aquatic Habitat TWC Meeting

Page 1 of 2RE: IFIM/Aquatic Habitat TWC Meeting

10/26/2007

Here are my comments to the draft study plan as discussed in the November 27 meeting. <<Instream Flow Study
of Lower Saluda River DRAFT 2006-11-08- jobsis comments.doc>>

_____________________________________________

Gerrit Jöbsis

Director of Southeast Conservation

American Rivers

2231 Devine Street, Suite 100 • Columbia, S.C. 29205

803/771-7114

803/771-7580 Fax

gjobsis@americanrivers.org

www.AmericanRivers.org

American Rivers protects and restores healthy natural rivers for the benefit of communities, fish and
wildlife.

-----Original Appointment-----
From: Alison Guth [mailto:Alison.Guth@KleinschmidtUSA.com]
Sent: Monday, November 20, 2006 5:05 PM
To: mpqandrhq@bellsouth.net; balesw@dnr.sc.gov; Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis; Hal
Beard; Jennifer Summerlin; Jim Glover; Malcolm Leaphart; mquattlebaum@scana.com; Prescott Brownell; Randy
Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Theresa Thom; Brandon Kulik; Alan Stuart
Subject: IFIM/Aquatic Habitat TWC Meeting
When: Monday, November 27, 2006 9:30 AM-3:00 PM (GMT-05:00) Eastern Time (US & Canada).
Where: Lake Murray Training Center

Hello All,

Just a reminder that we have a IFIM/Aquatic Habitat TWC Meeting Scheduled for Monday, November 27 at 9:30



at the Lake Murray Training Center. There is also a tentative field visit scheduled for Tuesday, November 28. I
will be sending out a separate reminder for the 28th shortly. Please RSVP by 12:00 pm Wednesday for lunch.
The agenda for Monday is attached below. Thanks, Alison

<<LSR IFIM agenda 11-27-2006.doc>>

<< File: LSR IFIM agenda 11-27-2006.doc >>

Page 2 of 2RE: IFIM/Aquatic Habitat TWC Meeting

10/26/2007
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From: Shane Boring
Sent: Wednesday, November 08, 2006 3:03 PM
To: Wade Bales (balesw@dnr.sc.gov); Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis

(American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Malcolm Leaphart; Prescott
Brownell; Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Theresa
Thom; Brandon Kulik; Alan Stuart

Cc: Jennifer Summerlin; Alison Guth
Subject: Saluda Hydro Relicense: Draft Instream Flow Study Plan

All:

Attached for your review is the draft Instream Flow Study Plan for Saluda Hydro. Please review the plan prior to our next
Instream Flow TWC meeting, scheduled for Nov 27-28, and be prepared to discuss any concerns regarding the study
design. Thanks to all who contributed to development of the draft plan.

Please note that, due to file format issues, Appendix A of the plan is included as a separate file.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Instream Flow
Study of Lower S...

Saluda IFIM study
plan - appen...



Cheryl Balitz

From: Gerrit Jobsis [gjobsis@americanrivers.org]

Sent: Tuesday, November 28, 2006 8:49 AM

To: Alison Guth; mpqandrhq@bellsouth.net; balesw@dnr.sc.gov; Amanda Hill;
BARGENTIERI@scana.com; Dick Christie; Hal Beard; Jennifer Summerlin; Jim Glover; Malcolm
Leaphart; mquattlebaum@scana.com; Prescott Brownell; RMAHAN@scana.com; Ron Ahle; Scott
Harder; Shane Boring; Steve Summer; Theresa Thom; Brandon Kulik; Alan Stuart

Subject: RE: IFIM/Aquatic Habitat TWC Meeting

Page 1 of 2RE: IFIM/Aquatic Habitat TWC Meeting

8/15/2007

Here are my comments to the draft study plan as discussed in the November 27 meeting. <<Instream Flow Study
of Lower Saluda River DRAFT 2006-11-08- jobsis comments.doc>>

_____________________________________________

Gerrit Jöbsis

Director of Southeast Conservation

American Rivers

2231 Devine Street, Suite 100 • Columbia, S.C. 29205

803/771-7114

803/771-7580 Fax

gjobsis@americanrivers.org

www.AmericanRivers.org

American Rivers protects and restores healthy natural rivers for the benefit of communities, fish and
wildlife.

-----Original Appointment-----
From: Alison Guth [mailto:Alison.Guth@KleinschmidtUSA.com]
Sent: Monday, November 20, 2006 5:05 PM
To: mpqandrhq@bellsouth.net; balesw@dnr.sc.gov; Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis; Hal
Beard; Jennifer Summerlin; Jim Glover; Malcolm Leaphart; mquattlebaum@scana.com; Prescott Brownell; Randy
Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Theresa Thom; Brandon Kulik; Alan Stuart
Subject: IFIM/Aquatic Habitat TWC Meeting
When: Monday, November 27, 2006 9:30 AM-3:00 PM (GMT-05:00) Eastern Time (US & Canada).
Where: Lake Murray Training Center

Hello All,

Just a reminder that we have a IFIM/Aquatic Habitat TWC Meeting Scheduled for Monday, November 27 at 9:30



at the Lake Murray Training Center. There is also a tentative field visit scheduled for Tuesday, November 28. I
will be sending out a separate reminder for the 28th shortly. Please RSVP by 12:00 pm Wednesday for lunch.
The agenda for Monday is attached below. Thanks, Alison

<<LSR IFIM agenda 11-27-2006.doc>>

<< File: LSR IFIM agenda 11-27-2006.doc >>

Page 2 of 2RE: IFIM/Aquatic Habitat TWC Meeting

8/15/2007
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From: Shane Boring
Sent: Monday, November 06, 2006 2:52 PM
To: Wade Bales (balesw@dnr.sc.gov); Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis

(American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Malcolm Leaphart; Prescott
Brownell; Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Theresa
Thom; Brandon Kulik; Alan Stuart

Subject: Saluda Hydro Relicense: Draft Trout Reproduction Paper

Dear Instream Flow/Aquatic Habitat TWC Members:

Attached for your review is the first draft of the white paper examining the potential for natural trout reproduction in the
Lower Saluda River. Please submit your comments, preferably in MS Word track changes, by Tuesday November 21,
2006.

Regards,
C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Saluda Trout Paper
DRAFT 2006-...
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From: Brandon Kulik
Sent: Tuesday, November 14, 2006 4:59 PM
To: Alison Guth; 'Amanda Hill'; 'Bill Argentieri'; 'Dick Christie'; 'Gerrit Jobsis (American Rivers)';

'Hal Beard'; 'Prescott Brownell'; 'Ron Ahle'; 'Scott Harder'; Shane Boring; Alan Stuart
Subject: Draft IFIM HSI guilding straw man

Hello all,

One of my homework assignments from the October meeting was to assemble a conceptual framework for slotting
species and lifestages into habitat use guilds. Attached is a first pass at doing that. Please consider it to be a work in
progress, at this point I am primarily seeking input as to whether you think that the way I have slotted species and
lifestages according to guild categories seems reasonable. I am sending this out ahead of the meeting so that those
of you who have a bit of time can digest this so that we can make the most of our upcoming meeting time.

Fortunately we have prior recent regional studies to draw on that appear to have well-thought-out criteria. As
suggested by the TWC, for the most part I followed conventions established in the Catawba and Pee Dee studies. I
know that a number of you worked on those studies and therefore probably have an intuitive sense of the applicability
of those criteria to this study and thus your input will be very helpful. At this juncture the main thing to look at is
columns A-H in the attached spreadsheet, where I have populated the guilds with the species and lifestages discussed
in the meeting.

Columns I and J are my initial impressions of specific study sources and criteria that could be plugged in, and are of
secondary concern for the moment, though your thoughts are welcome.

A few life stage categories of interest in this study cropped up that were not directly addressed in the Pee Dee and
Catawba studies. In such cases, I have suggested what seems reasonable to me a reasonable candidate guild, but of
course these are always open to discussion and refinement. In a few cases I left the criteria blank (marked as "TBD")
pending further technical discussion from the team.

As Shane has already noted, I did a quick straw poll by phone with as many of you as I could reach earlier today to get
some feedback on various aspects of the study design. There seems to be some interest in viewing and chatting
informally about this homework assignment prior to the meeting. The goal is just to gather our thoughts as a study
team on the subject, do a sanity-check brainstorm on the matrix structure, but not necessarily reach any formal
consensus, since not everyone will likely be able to join in. Probably a short 15-30 minute call. Based on availability, it
appears (surprisingly) that Wednesday PM will be relatively convenient for most folks. Shane will handle call
coordination.

In the mean time feel free to contact me with any technical questions, and please have a safe and enjoyable
Thanksgiving.

Brandon

Brandon H Kulik
Senior Fisheries Biologist
Kleinschmidt Energy & Water Resources
75 Main Street
Pittsfield, ME 04967
(207) 487-3328
Fax: 487-3124

guild table.xls (25
KB)
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SI curve source species
robust redhorse spawning X Catawba-Wateree Generic or robust redhorse
robust redhorse fry/YOY X Catawba-Wateree guild surrogate
robust redhorse juvenile X Catawba-Wateree golden redhorse
robust redhorse adult X Catawba-Wateree golden redhorse
Highfin carpsucker spawning X X Catawba-Wateree guild surrogate
Highfin carpsucker fry/YOY X Catawba-Wateree guild surrogate
Highfin carpsucker juvenile X Catawba-Wateree guild surrogate
Highfin carpsucker adult X Catawba-Wateree guild surrogate (redbreast sunfish adult?)
Norrthern carpsucker spawning X Catawba-Wateree guild surrogate
Norrthern carpsucker fry/YOY X Catawba-Wateree guild surrogate
Norrthern carpsucker juvenile X Catawba-Wateree guild surrogate
Norrthern carpsucker adult X Catawba-Wateree guild surrogate (redbreast sunfish adult?)
spotted sucker spawning X Catawba-Wateree guild surrogate
spotted sucker fry/YOY X TBD guild surrogate (redbreast sunfish spawning?)
spotted sucker juvenile X X TBD guild surrogate (redbreast sunfish spawning?)
spotted sucker adult X TBD guild surrogate (redbreast sunfish adult?)
brown trout spawning X Catawba-Wateree (if transferable ) brown trout
brown trout fry/YOY X Catawba-Wateree (if transferable ) brown trout
brown trout juvenile X Catawba-Wateree (if transferable ) brown trout
brown trout adult X X Catawba-Wateree (if transferable ) brown trout
rainbow trout spawning X Catawba-Wateree (if transferable ) rainbow trout
rainbow trout fry/YOY X Catawba-Wateree (if transferable ) rainbow trout
rainbow trout juvenile X X Catawba-Wateree (if transferable ) rainbow trout
rainbow trout adult X Catawba-Wateree (if transferable ) rainbow trout
redbreast sunfish spawning X Catawba-Wateree
margined madtom adult X Catawba-Wateree
saluda darter adult X Catawba-Wateree or Pee Dee

redbreast sunfish adult X Catawba-Wateree
shorthead redhorse adult X Catawba-Wateree golden redhore

American shad spawning X Catawba-Wateree
American shad YOY X X Catawba-Wateree American shad spawning or deep slow guild
American shad passage X Conte Lab-American Rivers
blueback herring spawning X TBD shallow-slow guild surrogate
blueback herring YOY X TBD shallow-slow guild surrogate
blueback herring passage X Conte Lab-American Rivers
striped bass passage X Conte Lab-American Rivers
shortnose sturgeon passage X Conte Lab-American Rivers
American eel juvenile X none recommended at this time



benthic macroinver. juvenile X
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From: Shane Boring
Sent: Tuesday, October 31, 2006 11:52 AM
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; Gerrit Jobsis (American Rivers);

Jennifer Price ; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle; Shane Boring
Cc: Jennifer Summerlin; Cheryl Balitz; Wade Bales (balesw@dnr.sc.gov); Alison Guth; Bill East;

Bill Hulslander; Bill Marshall; Bob Perry ; Bob Seibels (bseibels@yahoo.com); Charlene
Coleman; Daniel Tufford; Dick Christie; Ed Diebold; George Duke; Gina Kirkland; Hal Beard;
Jeff Duncan; Jennifer O'Rourke; Jim Goller; Joe Logan; Joy Downs; Larry Turner
(turnerle@dhec.sc.gov); Laura Boos (laura.mccary@gmail.com); Malcolm Leaphart; Mark
Leao; Mike Sloan; Norman Ferris; Patrick Moore; Prescott Brownell; Ralph Crafton; Reed Bull
(rbull@davisfloyd.com); Robert Lavisky; 'Sam Drake'; Scott Harder; Steve Bell; Steve Leach;
Suzanne Rhodes; Tom Bowles (tbowles@scana.com)

Subject: Saluda Hydro Relicense: Mussel Report - Final

Saluda Hydro
Mussel Report (fi...

ear Freshwater Mussels and Benthic Macroinvertebrate TWC Members:

Attached for your records is the final report from John Alderman summarizing results of
the mussel surveys conducted this past summer on Lake Murray and the Lower Saluda and
Congaree rivers. As always, the report will be posted to the Saluda Relicensing Website.
Thanks for your continued participation in the relicensing process.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Cheryl: Could you please post under documents section of the Saluda website. Thanks.
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Kacie Jensen

From: Shane Boring
Sent: Tuesday, October 31, 2006 11:33 AM
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis (American

Rivers); Jennifer Summerlin; Jim Glover; Prescott Brownell; Randy Mahan; Shane Boring;
Steve Leach

Cc: Cheryl Balitz; Jennifer Summerlin; Wade Bales (balesw@dnr.sc.gov); Alison Guth; Bill East;
Bill Hulslander; Bill Marshall; Bob Perry ; Bob Seibels (bseibels@yahoo.com); Charlene
Coleman; Daniel Tufford; Ed Diebold; George Duke; Gina Kirkland; Hal Beard; Jeff Duncan;
Jennifer O'Rourke; Jim Goller; Joe Logan; Joy Downs; Larry Turner (turnerle@dhec.sc.gov);
Laura Boos (laura.mccary@gmail.com); Malcolm Leaphart; Mark Leao; Mike Sloan; Norman
Ferris; Patrick Moore; Ralph Crafton; Reed Bull (rbull@davisfloyd.com); Robert Lavisky; Ron
Ahle; 'Sam Drake'; Scott Harder; Steve Bell; Suzanne Rhodes; Tom Bowles
(tbowles@scana.com)

Subject: Saluda Hydro Relicense: Final 2006 Diadromous Fish Report

Dear Diadromous Fish TWC and Fish and Wildlife RCG Members:

Attached for your records is the final report summarizing the diadromous fish sampling conducted in the Lower Saluda and
Congaree Rivers during 2006. Please note that this report summarizes the shad and herring sampling results only; efforts
to sample American eels are being summarized under a separate cover. Thanks for your continued dedication to the
Saluda relicensing process and please do not hesitate to call should you have any questions regarding the report.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

2006 Saluda
Diadromous Report ...

Cheryl: Please post to the Saluda relicensing website with the other diadromous reports. Thanks.



Kacie Jensen

From: Gerrit Jobsis [gjobsis@americanrivers.org]

Sent: Monday, October 16, 2006 5:48 PM

To: Shane Boring; Amanda Hill; BARGENTIERI@scana.com; Dick Christie; Hal Beard; Malcolm
Leaphart; Prescott Brownell; RMAHAN@scana.com; Ron Ahle; Scott Harder; Theresa Thom;
Brandon Kulik; Alan Stuart; Jeff_Duncan@nps.gov

Subject: RE: Saluda Hydro: Lower Saluda IFIM Study

Page 1 of 1FW: Saluda Hydro: 1987 Lower Saluda Macroinvert Study

10/29/2007

Here is the Progress Energy flow study plan and species curves for Brandon’s consideration when developing a
draft study plan

_____________________________________________
Gerrit Jöbsis
Director of Southeast Conservation
American Rivers
2231 Devine Street, Suite 100 • Columbia, S.C. 29205
803/771-7114
803/771-7580 Fax
gjobsis@americanrivers.org

www.AmericanRivers.org

American Rivers protects and restores healthy natural rivers for the benefit of communities, fish and
wildlife.



Kacie Jensen

From: theresa_thom@nps.gov

Sent: Wednesday, October 11, 2006 4:51 PM

To: Shane Boring

Cc: Ron Ahle; Alan Stuart; Amanda Hill; balesw@dnr.sc.gov; BARGENTIERI@scana.com; Hal Beard;
Brandon Kulik; Dick Christie; Gerrit Jobsis (American Rivers); Jim Glover; Scott Harder; Jennifer
Summerlin; Malcolm Leaphart; Prescott Brownell; RMAHAN@scana.com; Shane Boring; Steve
Summer

Subject: Re: Congaree Flow Studies

Page 1 of 2

10/29/2007

Shane and the Instream Flow/Aquatic Habitat TWC:

Please find the attached document (PDF). This literature review was compiled by Dr. Will Graf and Laura Stroup
at USC and includes documents relevant to the resources of the Saluda, Broad and Congaree Rivers. Information
was compiled from September 2005 to May 2006, so any finalized studies past May 2006 have not been
included. This report contains citations and accompanying annotations of sources related to the physical,
chemical, biological, and socio-economic aspects of the three river basins. NOTE: This is still a draft document. --
Theresa Thom

--------------------------------------
Theresa A. Thom, Ph.D.
Congaree National Park
100 National Park Road
Hopkins, SC 29061
803-695-0214 (phone)
803-776-1555 (fax)
theresa_thom@nps.gov

Theresa:

As discussed in the Instream Flow TWC meeting last week, I have compiled the available studies that I could find
on potential influences of the Lower Saluda (an in turn Saluda Hydro) on Congaree flows at the National Park
(see attached). I'm interested to see what additional studies/data are available from NPS; I'm certain you guys
have many more sources than I was able to locate. Thanks.

"Shane Boring"

<Shane.Boring@KleinschmidtUSA.com>

09/12/2006 05:17 PM AST

To: <theresa_thom@nps.gov>
cc: <balesw@dnr.sc.gov>, "Amanda Hill" <amanda_hill@fws.gov>, "Bill Argentieri"

<bargentieri@scana.com>, "Dick Christie" <dchristie@infoave.net>, "Gerrit Jobsis \(American Rivers\)"
<gjobsis@americanrivers.org>, "Hal Beard" <beardh@dnr.sc.gov>, "Jennifer Summerlin"
<Jennifer.Summerlin@KleinschmidtUSA.com>, "Jim Glover" <GloverJB@dhec.sc.gov>, "Malcolm
Leaphart" <malcolml@mailbox.sc.edu>, "Prescott Brownell" <prescott.brownell@noaa.gov>, "Randy
Mahan" <rmahan@scana.com>, "Ron Ahle" <ahler@dnr.sc.gov>, "Scott Harder"
<HarderS@dnr.sc.gov>, "Shane Boring" <shane.boring@kleinschmidtusa.com>, "Steve Summer"
<ssummer@scana.com>, "Brandon Kulik" <Brandon.Kulik@KleinschmidtUSA.com>, "Alan Stuart"

<Alan.Stuart@KleinschmidtUSA.com>
Subject: Congaree Flow Studies



Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

<<Congaree Floodplain Bibliography.doc>>

Page 2 of 2

10/29/2007
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Kacie Jensen

From: Shane Boring
Sent: Thursday, October 05, 2006 3:08 PM
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis (American

Rivers); Jennifer Summerlin; Jim Glover; Prescott Brownell; Randy Mahan; Shane Boring;
Steve Leach

Cc: Wade Bales (balesw@dnr.sc.gov); Alison Guth; Bill East; Bill Hulslander; Bill Marshall; Bob
Perry ; Bob Seibels (bseibels@yahoo.com); Charlene Coleman; Daniel Tufford; Ed Diebold;
George Duke; Gina Kirkland; Hal Beard; Jeff Duncan; Jennifer O'Rourke; Jim Goller; Joe
Logan; Joy Downs; Larry Turner (turnerle@dhec.sc.gov); Laura Boos
(laura.mccary@gmail.com); Malcolm Leaphart; Mark Leao; Mike Sloan; Norman Ferris;
Patrick Moore; Ralph Crafton; Reed Bull (rbull@davisfloyd.com); Robert Lavisky; Ron Ahle;
'Sam Drake'; Scott Harder; Steve Bell; Suzanne Rhodes; Tom Bowles (tbowles@scana.com)

Subject: Saluda Hydro Relicense: 2006 Draft Diadromous Fish Report

Dear Diadromous Fish Technical Working Committee Members:

Attached for your review is the draft report for the 2006 diadromous fish sampling in the Lower Saluda and Congaree
Rivers. Please have comments on the draft report to me by October 26th. Thanks for your continued interest in the
Saluda Hydro relicensing process.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

2006 Saluda
Diadromous Report ...
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Kacie Jensen

From: Jennifer Summerlin
Sent: Thursday, September 21, 2006 9:10 AM
To: 'Steve Summer'; Alan Stuart; 'Amanda Hill'; 'Bill Argentieri'; 'Dick Christie'; 'Gerrit Jobsis

(American Rivers)'; 'Jim Glover'; 'Prescott Brownell'; 'Randy Mahan'; Shane Boring; 'Steve
Leach'

Subject: Saluda Relicensing: 2006 American eel report

Hello Folks,

Attached for your review is the 2006 American eel report for the Lower Saluda River. Please have comments on the draft
report by Thursday, October 5th.

2006 Diadromous
Fish Eel Surve...

Thanks,

Jennifer Summerlin
Research Technician
Kleinschmidt Associates
101 Trade Zone Drive
Suite 21 A
West Columbia, SC 29170
P: (803) 822.3177
F: (803) 822.3183
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Kacie Jensen

From: Shane Boring
Sent: Wednesday, September 13, 2006 1:19 PM
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; Gerrit Jobsis (American Rivers);

Jennifer Price ; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle; Shane Boring
Cc: Wade Bales (balesw@dnr.sc.gov); Alison Guth; Bill East; Bill Hulslander; Bill Marshall; Bob

Perry ; Bob Seibels (bseibels@yahoo.com); Charlene Coleman; Daniel Tufford; Dick Christie;
Ed Diebold; George Duke; Gina Kirkland; Hal Beard; Jeff Duncan; Jennifer O'Rourke; Jim
Goller; Joe Logan; Joy Downs; Larry Turner (turnerle@dhec.sc.gov); Laura Boos
(laura.mccary@gmail.com); Malcolm Leaphart; Mark Leao; Mike Sloan; Norman Ferris;
Patrick Moore; Prescott Brownell; Ralph Crafton; Reed Bull (rbull@davisfloyd.com); Robert
Lavisky; 'Sam Drake'; Scott Harder; Steve Bell; Steve Leach; Suzanne Rhodes; Tom Bowles
(tbowles@scana.com)

Subject: Saluda Hydro Relicense: Mussel Report Draft

kleinschmidt2006dr
aft060808.pd...

Dear Freshwater Mussel/Macroinvertebrate TWC Members:

Attached for your review is the "agency draft" of the report summarizing findings of the
freshwater mussel survey performed on the Lake Murray and the Lower Saluda and Congaree
rivers by John Alderman. Please have comments on the draft report by Monday, October 2nd.
Please accept our apologies for only providing the report in PDF format; the maps will not
display properly in MS Word. Thanks and please don't hesitate to call should you have any
questions regarding the study.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183



Kacie Jensen

From: Reed Bull [rbull@davisfloyd.com]

Sent: Thursday, September 07, 2006 8:10 AM

To: Alison Guth; Shane Boring; Jim Ruane

Subject: Lake Murray Fish Kills

Page 1 of 1

11/7/2007

Below is the information on fish kills obtained from SCDNR records. I will either mail or scan and E-
mail the backup data referenced to you. Please advise if you should have any questions. REED BULL

STRIPED BASS DIE-OFF EVENTS
FROM SCDNR RECORDS

LAKE MURRAY
PERIOD 1971 THROUGH 2005

FISH
KILL

COUNTS
PERIOD DATES SIZE REPORTED

CAUSE
COMMENTS

1971* – 1977 N/A N/A N/A N/A See SCDNR Annual
Report Sec. – Fish Kill
Investigations See Item

1

Summer 1990 8/17/1990 1157 12” – 37” DO Depletion
Thermal Stress

Lake Down During
Period, See Item 2

Summer 1991 7/19/91 -8/16/91 3139 12” – 41” DO Depletion
Thermal Stress

Lake Down During
Period, See Item 3

Summer 1993 9/9/93 –
9/16/93

592 15” – 23” DO Depletion
Thermal Stress

See Item 4

Summer 1994 8/15/94 –
9/14/94

64 N/A DO Depletion
Thermal Stress

See Item 5

Summer 1998 7/30/98 –
8/10/98

456 N/A DO Depletion
Thermal Stress

See Item 6

Summer 2005 Several Weeks
Aug. 2005

742 17” – 38” DO Depletion
Thermal Stress

See Item 7
Lake Drawn Down

3 Year Prior to Kill

* STRIPED BASS STOCKING BEGAN IN 1971
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Kacie Jensen

From: Shane Boring
Sent: Wednesday, September 06, 2006 9:07 AM
To: 'Malcolm Leaphart'
Subject: RE: Saluda Hydro Relicense: Sept 7th Instream Flow and Aquatic Habitat TWC

2006-06-30 Memo -
Review of LS...

Malcolm:

Brandon's memo regarding the initial IFIM study on the Saluda is attached. Please accept
my apologies on taking so long to get it to you. I was on vacation last week. Thanks.

Shane

-----Original Message-----
From: Malcolm Leaphart [mailto:malcolml@mailbox.sc.edu]
Sent: Monday, August 21, 2006 10:51 AM
To: Shane Boring
Cc: Alison Guth; theresa_thom@nps.gov; balesw@dnr.sc.gov; Amanda Hill;
BARGENTIERI@scana.com; Dick Christie; Gerrit Jobsis (American Rivers); Hal Beard; Jennifer
Summerlin; Jim Glover; Prescott Brownell; RMAHAN@scana.com; Ron Ahle; Scott Harder; Steve
Summer; Brandon Kulik; Alan Stuart
Subject: Re: Saluda Hydro Relicense: Sept 7th Instream Flow and Aquatic Habitat TWC

Shane,
I plan to attend the next Instream Flow TWC. Thanks for the notice.

Also, I need a copy of Brandon Kulik's memo on the previous IFIM by SC DNR as
I catch up from missing the last meeting.

And, I have embedded below in this reply the July article by Pat Robertson
regarding the Corps solution to dissolved oxygen in Lake Russell to make sure
that all on this TWC learns of this effort. You may also want to share, or
have Alison share it with those on other appropriate groups, such as the
Operations RCG.

Quoting Shane Boring <Shane.Boring@KleinschmidtUSA.com>:

> Hello all:
>
> This is to confirm that our next of the Instream Flow/Aquatic Habitat
> TWC will be on Thursday, September 7th, from 9:30 am to 3:30 pm. This
> may turn out be one of our most well-attended Instream Flow TWC's. So
> far the following folks have indicated they will be attending:
>
> Amanda Hill
> Dick Christie
> Brandon Kulik
> Alan Stuart
> Shane Boring
> Randy Mahan
> Prescott Brownell
> Hal Beard
> Bill Argentieri
> Gerrit Jobsis
>
> Details regarding the meeting location will be forthcoming.
>
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> Thanks,
>
> C. Shane Boring
> Environmental Scientist
> Kleinschmidt Associates
> 101 Trade Zone Dr., Suite-21A
> West Columbia, SC 29170
> Phone: (803)822-3177
> Fax: (803)822-3183
>
>
>
> > -----Original Message-----
> > From: Shane Boring
> > Sent: Wednesday, August 09, 2006 2:19 PM
> > To: Shane Boring; 'theresa_thom@nps.gov'; Wade Bales
> > (balesw@dnr.sc.gov); Amanda Hill; Bill Argentieri; Dick Christie;
> > Gerrit Jobsis (American Rivers); Hal Beard; Jennifer Summerlin; Jim
> > Glover; Prescott Brownell; Randy Mahan; Ron Ahle; Scott Harder;
> > Shane Boring; Steve Summer; Brandon Kulik; Alan Stuart
> > Cc: Brandon Kulik
> > Subject: RE: Saluda Hydro Relicense: Review of 1990 Saluda IFIM
> > Study
> >
> > Hello folks:
> >
> > After speaking with several of you, it now looks as if Wednesday,
> > September 7th may be a better date for the proposed Instream Flow
> > TWC meeting. This will allow folks that are traveling from out of
> > state not to have to travel over the holiday weekend. Also, Brandon
> > Kulik from Kleinschmidt's Maine office would like at least a day to
> > see the river before the meeting. Please let me know if your
> > availability. Please feel free to propose alternate dates during
> > this week if the 7th won't work for you. Thanks.
> >
> > Shane
> >
> > C. Shane Boring
> > Environmental Scientist
> > Kleinschmidt Associates
> > 101 Trade Zone Dr., Suite-21A
> > West Columbia, SC 29170
> > Phone: (803)822-3177
> > Fax: (803)822-3183
> >
> >
> > -----Original Message-----
> > From: Shane Boring
> > Sent: Tuesday, August 01, 2006 5:04 PM
> > To: 'theresa_thom@nps.gov'; Wade Bales (balesw@dnr.sc.gov);
> > Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis (American
> > Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Prescott
> > Brownell; Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve
> > Summer; Brandon Kulik; Alan Stuart
> > Cc: Brandon Kulik
> > Subject: Saluda Hydro Relicense: Review of 1990 Saluda
> > IFIM Study
> >
> > Dear Saluda Relicensing Instream Flow/Aquatic Habitat Technical
> > Working Committee Member:
> >
> > Per our discussions at the June 14th meeting, Brandon Kulik
> > (instream flow specialist at Kleinschmidt) has prepared a memo
> > summarizing the 1990 IFIM study and its applicability to the current
> > relicensing effort (see attached). This memo is intended to serve
> > as a starting point for technical discussion regarding the need for
> > and/or scope of additional relicensing-related flow studies. Once
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> > everyone has had a couple of weeks to review the memo, we would like
> > to schedule a meeting in early September for Brandon to come and
> > meet with the group. How about Tuesday, September 5th? This will
> > likely be an all-day meeting. Thanks in advance for your input.
> >
> > C. Shane Boring
> > Environmental Scientist
> > Kleinschmidt Associates
> > 101 Trade Zone Dr., Suite-21A
> > West Columbia, SC 29170
> > Phone: (803)822-3177
> > Fax: (803)822-3183
> >
> > << File: 2006-06-30 Memo - Review of LSR Instream Flow Study.pdf
> > >>
> >
> Posted on Sun, Jul. 16, 2006email thisprint this
Outdoors
Club wants fish to breath a little easier
By PAT ROBERTSON
Columnist
STRIPED BASS AND other fish species in Lake Thurmond will breathe easier in
the hot summer when oxygen levels are depleted, thanks to the efforts of the
Clark Hill Striper Club.

Heeding appeals of the striper club and others, the U.S. Senate has restored
funding in the fiscal 2007 Energy and Water Appropriations Bill for a system
designed to provide oxygen-enriched habitat for fish in the lower end of Lake
Thurmond during hot weather.

Funding had been cut in the House version of the bill. When word reached the
striper club and other area fishermen of the House action, the striper
fishermen mobilized an effort to get the funds restored.

They began a letter-writing and e-mail campaign to senators and U.S. House
members in both Georgia and South Carolina, took the issue to the Augusta-area
press, and organized a petition drive that garnered 13 pages of signatures in
a one-day radio broadcast from West Marine in Augusta.

The Senate version provides $4.6 million for the project, lower than the $5.5
million the U.S. Army Corps of Engineers sought, but adequate to complete the
system, which is 90 percent design complete. The budget now goes to a Senate- House
Conference Committee to work out details, and Washington sources said
the House is not expected to object to the reinstated funding.

The oxygen-infusion system, called a “bubble line,” is expected to be
completed and operational by late 2008, said Ed Lepley a striper club member
from Martinez, Ga.

The project will consist of several miles of submerged pipes, perforated with
tiny holes, located about five miles up the lake from Thurmond Dam in the
Hamilton Branch-Modoc area. During times of low oxygen levels in the lake,
pure oxygen will be released along this bubble line.

The cold, oxygenated water will offer opportunities for striped bass and
baitfish to congregate in the Modoc area. Currently, big stripers, and the
herring and shad they eat, often stay upriver toward the Russell Dam tailrace
during hot weather.

“As water quality begins to deteriorate on the lower end of the lake during
the hot summer months, they will be able to turn the oxygen on and provide
oxygenated habitat for striped bass, hybrids, largemouths and other species,”
Lepley said.

“The bigger stripers now move up to the Lake Russell Dam tailrace this time of
year because Russell Dam had a system to inject oxygen into the tail race when
it is generating. That was done because, when the water is pumped back up into
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Russell, it loses oxygen.”

The corps agreed to build the bubble line to offset the loss of baitfish that
are killed when Russell Dam’s reversible turbines are operated. Currently, a
court order allows the corps to use only two of Russell’s four reversible
units until the oxygen system is in place.

If the corps could use all four turbines, they could make more electricity and
further slow the decline of lake levels, which is one reason the corps wants
the oxygen system as badly as the fishermen do.

Augusta Chronicle outdoor columnist Rob Pavey noted that the recent
declaration of drought across most of Georgia, and predictions that water
levels at Thurmond Lake will soon plummet, makes the oxygen system even more
important.

There is precedent for the oxygen infusion system, Lepley noted. A similar
system was placed in Tennessee’s Lake Cherokee which gets really hot and
oxygen deficient in the summer months.

“It worked so well there they had to put in an off-limit fishing zone around
it for that time of year because the fish would bunch up around it and
fishermen were catching too many,” Lepley said.
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MEMORANDUM

TO: Instream Flow/Aquatic Habitat Technical Working Committee (TWC)

FROM: Brandon Kulik, Kleinschmidt Associates
DATE: July 31, 2006

RE: Review of Lower Saluda River Instream Flow Study

It is my understanding that TWC is interested in evaluating how much of the study
entitled �Instream Flow Requirements for the fishes of the lower Saluda River� dated March 28, 
1995 can be applied to contemporary relicensing decisions about the Saluda Hydroelectric
Project. The stated purpose of this study was �to evaluate the effects of rate from the Lake
Murray Dam on the amount of suitable habitat for fishery resources of the LSR�.

At your request I have reviewed the report, and am providing some observations.

General Comments

The field study and methods of computer modeling as described appear to generally
adhere to methods described by Bovee (1982), and thus the raw Weighted Usable Area (WUA)
vs. flow relationships are probably reasonable at least for the lower flow range. A few aspects of
this report, that at face value may not be entirely consistent with study design elements
recommended by Bovee, et al. (1998), may or may not affect how the extrapolated and weighted
WUA data in the existing report can be used, but to start the discussion, I have flagged a few of
these items as they may be worth group discussion.

Specific Comments

The following comments are arranged by report topic heading.

1. Study Area: The overall study area boundaries appear logical, as it extends from
the point of flow control (Lake Murray Dam) to the influence from another large
and independent source of flow (Broad River).

a. The report does not clearly articulate a rationale for establishing the
boundaries for the three reaches. It appears that the reaches were divided
into thirds. Reach boundaries are typically placed where there is a shift in
conditions that may influence hydraulics (e.g. river channel morphology,
slope), habitat (geomorphology, dominant cover, substrate, or mesohabitat
composition), or hydrology (contribution of tributary inflow, such as a
10% increase in flow or drainage area) (Bovee, et al., 1998).
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b. It is not clear from the description (pp 6-7) if model output was weighted
according to the relative linear abundance of each habitat type (see Table
2) within each reach or globally for the entire study area (i.e. all three
reaches combined). Reach weighting can influence the shape of the
wetted area and WUA curves.

c. Model results obtained in rapids and riffles usually will show a different
sensitivity to flow changes from pools and runs. However, frequently,
certain species and lifestages may only use a subset of the overall habitat
types. The report as written leads to a conclusion that all habitats were
blended together for each lifestage to develop a WUA curve. Thus it may
be worth some group discussion to clarify how this was handled.

2. Target Species and Criteria

a. Fish Passage: An adult striped bass habitat Suitability Index (SI) was used
as a criterion for shoal zone-of-passage passage requirements. This SI
curve is driven by the resting and foraging requirements of a large pelagic
predator. For the purpose of fish migration passage, it may be worthwhile
to consider other criteria such as zone-of-passage criteria in natural
channels set forth by Bovee (1982), and/or principals of ichthyomechanics
and hydraulics (Clay 1995, Bell 1991).

b. Brown trout and rainbow trout: I note that the spawning lifestage for trout
is employed, which I take to mean that there is a management objective to
establish or maintain a wild population of these species. If so, both fry
and juvenile lifestages for these species should also be included but were
not. Because spawning/incubation, and fry lifestages of these species
occur only for a limited portion of the year; these WUA curve should
probably not be employed as part of a blended year-round flow
recommendation, but assigned to a time series that targets applicable
weeks or months when the lifestage is specifically expected to be present
(see suggested matrix below). Because salmonids are not habitat
generalists, this analysis would also benefit by documenting the following:

i. Does fishery management rely on natural reproduction?
ii. Does suitable macrohabitat and mesohabitat exist to support each

lifestage?
iii. Is suitable fry and YOY habitat available in contiguous reaches?
iv. Can fry and YOY lifestage flows be evaluated and applied during

appropriate months?

c. Suitability Index Criteria (general comment). SI criteria appear to
generally be taken from the literature with no transferability evaluation.
For example, Raleigh (1984 and 1986) criteria for brown and rainbow
trout were primarily developed from general literature and habitat studies
on large western rivers. Use of these criteria on dissimilar ecosystems and
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regions without some documented transferability assessment, while
expedient, has been criticized in many recent IFIM studies (Bovee, et al.
1998, K. Bovee, personal communication). The TWC may wish to
discuss overall comfort using such curves.

3. Discharge Measurements: Three calibration flows were employed to construct
this model, with a single set of calibration velocities taken at the lowest of the
three flows. For purposes of a low-flow IFIM model this is probably adequate;
however. The accuracy of model hydraulics as flow approaches the middle-to-
higher flow range is potentially questionable without further documentation that
Velocity Adjustment Factors fell within an acceptable range. The report should
explicitly state the range of modeled flows that meet hydraulic accuracy
standards. If greater accuracy is deemed important at higher flows, there may be
cost effective ways to obtain such data.

4. Presentation of WUA Data

These are just some observations about how the WUA results are presented and
how that could be enhanced to support decision-making.

a. Although the general statement is made that �WUA increased rapidly to
maximum levels for flows between 300-1000 cfs for most species and life
stages��, this is still a wide range, perhaps due mostly to the blending of
species/lifestages, habitat types, and timeframes together. Optimizing
habitat for one species at 300 cfs may impair habitat suitability for others
that are optimized at higher flows, and visa versa. Also, not all
species/lifestages coexist at the same time and in all habitats. Thus the
analysis should provide a biological rational for:

i. Prioritizing species/life stages or at least balancing trade-offs when
conflicting WUA curves occur (Bovee 1982, Bovee et al. 1998).

ii. Correlating species/lifestages to applicable seasonal or monthly
periods so seasonally varying flows can be assessed (see example
matrix attached below).

b. WUA data are only presented in a �normalized� (i.e. percent-of-optimal
format) in the main body of the report. (I realize that they are presented in
Appendix I as individual graphs, but in that format the relative WUA
comparisons among lifestages are difficult to make). Easily viewing the
relative magnitude of WUA potentially available at a given flow among
species and lifestages would facilitate prioritization of species and
lifestages so that inter-lifestage trade-offs can be better evaluated. Along
those same lines, WUA data are presented only in graphs; tabular WUA
data would enhance the assessment of trade-offs at the finer increments of
flow ranging in the zone of interest, and enhance flow recommendations
and negotiation.
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c. A flow recommendation using a percentage of �optimal� WUA as the sole 
metric, can potentially be difficult to defend, because optimal WUA is
merely an artifact of stream geometry hydraulics and SI information that
doesn�t factor in site-specific, seasonally varying flow availability. For
example, if a flow supporting �optimal� WUA is an infrequent event, then
an alternate habitat metric might be the amount of WUA that results from
the naturally occurring median for the time increment of interest (i.e.
seasonal, annual, monthly).

5. Suggestions

Model Accuracy

Two primary areas that PHABSIM models are most sensitive to error or bias are
in SI criteria, (especially depth and velocity curves), and in how results obtained from
study reaches and mesohabitat types are weighted (J. Henrikson, USGS/MESC, personal
communication). Related to this is study site stability. If, (as noted by Ron Ahle on June
14, 2006), the river channel geometry has changed, then it would be worth re-surveying
at least a subset of the transects to confirm if that has happened, and if it has, the extent to
which the potential for past data to be transferable may be lost. If the channel profile
details have shifted, but the overall geometry, slopes and widths remain similar, the
differences may not be significant.

Assuming the transects remain representative of current and anticipated future
conditions, secondary area for potential error in this instance could be in extrapolation of
hydraulic data from calibration data.

SI Criteria

The TWC may wish to evaluate if the SI criteria applied to the original model is
sufficiently accurate for this application, and update and/or refine criteria if needed. In
some cases, new SI criteria may need to be developed to account for new species or
lifestages identified at the June 14, 2006 TWC meeting.

Reach Weighting

The TWC may wish to seek clarification as to how individual reach WUA/flow
curves were weighted together, and make revisions if deemed necessary. Also consider
looking at transect data representing individual mesohabitats that best correlate to use by
guild groups and/or lifestages identified at the June 14, 2006 TWC meeting. To the
extent supporting data exists, the TWC may wish to re-analyze and re-calculate WUA�s.  
For some species objectives, such as the wild trout fishery some additional habitat
mapping and transect data collection may be required, at least to account for early
lifestages.
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Hydraulic Model Calibration

Of the three calibration data sets, only the low flow contains velocity as well as
stage data. The other flows have stage data only. Assuming that the historic transects are
found to still be representative of existing channel conditions, the TWC may wish to
assess if additional velocity data at a higher flow are necessary to satisfactorily calibrate
the model throughout the entire flow range of interest. If the historic transects are
adequately geo-referenced, then additional velocity data may be readily collected.

Flow Analysis

Contemporary instream flow recommendations typically recommend flows or
flow targets that vary seasonally, rather than provide a single flat minimum flow (Annear
et al., 2000). The conventional problem-solving steps would be to:

1. Time series: prioritize species /lifestages according to management
objectives, season of occurrence within and throughout the study reaches
so that trade-offs among species, lifestages and other water uses can be
assessed.

2. Establish a benchmark flow for each month (or season) that represents
�typical� inflow for that period, such as a median (50th percentile) flow.

3. Develop a matrix, by month or season (if applicable), of flow and species
and lifestages present (see attached example).

4. Based on that flow matrix, select the discharge corresponding to the
lowest-flow period during which each species and lifestage is present.

5. Calculate the ambient WUA occurring during that flow period. The
month featuring the lowest WUA value is the naturally-occurring
maximum WUA and should be used in comparisons. For some species
and lifestages, this may require breaking out WUA results from separate
habitat types contained in the model.

These next two steps are iterative:

6. Compare WUA produced under alternative flow releases to determine
which alternatives provide an acceptable amount of WUA relative to what
would exist compared to the naturally-limiting monthly or seasonal WUA.

7. Based on the prioritizations established under steps 1 and 2, determine
what species/lifestage(s) drive the flow recommendation for each month,
and what the trade-offs if any are to other lifestages and human water uses.
If further balancing is required, return to step 6 and assess a different
scenario.
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Kacie Jensen

From: Shane Boring
Sent: Friday, August 25, 2006 2:24 PM
To: Shane Boring; Shane Boring; Alan Stuart; 'Amanda Hill'; 'Bill Argentieri'; 'Bob Perry '; 'Brandon

Stutts '; 'Buddy Baker '; 'Dick Christie'; Jennifer Summerlin; 'Jim Glover'; 'Randy Mahan'; 'Ron
Ahle'

Cc: Cheryl Balitz
Subject: RE: Saluda Relicense: Waterfowl Study Plan

All:

Attached is an updated version of the final Saluda Hydro Wintering Waterfowl Study Plan. I added several conditions
related to monthly and annual reporting of study results that were discussed in the meeting on July 26th. The website will
also be updated with the revised document. Thanks.

Shane

Lake Murray
Waterfowl Study Pl...

-----Original Message-----
From: Shane Boring
Sent: Thursday, August 24, 2006 1:47 PM
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; Brandon Stutts ; Buddy Baker ; Dick Christie; Jennifer

Summerlin; Jim Glover; Randy Mahan; Ron Ahle
Cc: Cheryl Balitz
Subject: Saluda Relicense: Waterfowl Study Plan

Dear Terrestrial Resources TWC Members:

At our last Terrestrial Resources TWC meeting, the group reviewed and approved the Wintering Waterfowl Study
Plan, pending some minor "clean-up" of the language in the plan. As such, I have incorporated the requested changes
and the final study plan is attached. If somehow your comments were missed or are otherwise not reflected, please let
me know as soon as possible. Otherwise, the attached will be posted to the website as final.

Thanks,

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

<< File: Lake Murray Waterfowl Study Plan-Final.pdf >>

Cheryl:

Could you please post the attached to the Saluda Relicensing website under the Fish and Wildlife RCG. Thanks.



Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Lake Murray Wintering Waterfowl Surveys

Terrestrial Resources Technical Working Committee
August 24, 2006

I. Study Objective

The objective of this research will be to develop an aerial survey database describing the
abundance and distribution of wintering waterfowl (ducks, geese, swans, and coots) using Lake
Murray, South Carolina.

II. Geographic and Temporal Scope

This study will focus on all areas of Lake Murray reservoir and will include six (6) aerial surveys
over a period of four (4) months to be executed as follows: 1 in late November, 2 in December, 2
in January, and 1 in early February. If inclement weather or aircraft unavailability precludes the
completion of flights during the study period, flights may be added to the end of the survey
period, at the discretion of the Terrestrial Resource Technical Working Committee (TWC).

III. Methodology

Aerial surveys will be conducted from fixed-wing aircraft by trained observers from the
University of Georgia�s Savannah River Ecology Laboratory (SREL) and/or Kleinschmidt
Associates. Observers will reference the species and numbers of all waterfowl (ducks, geese,
swans, and coots) observed during aerial surveys, as well as any occurrences of the federally-
endangered wood stork (Mycteria americana). Sightings will be map-referenced at the time of
occurrence. Other data to be included with each aerial survey are: date, beginning and ending
times of the survey, local weather conditions (including temperature, wind speed, extent of
wetland icing in winter, etc.), and disturbance-related activities taking place during the aerial
survey. Actual duration of these aerial surveys will be approximately 2.5 hours. Aerial surveys
will be conducted from a height of approximately 250�300 ft and at a safe airspeed given the 
prevailing weather conditions. The entire lake pool will be surveyed for waterfowl use.

Data summaries will be performed using the Statistical Analysis System (SAS Institute, Inc.).
Summaries will include location graphics of waterfowl numbers, as well as descriptions of
temporal changes in waterfowl distributions (species- and/or subfamily-specific).

IV. Schedule and Required Conditions

Waterfowl surveys will be conducted during the winter months (generally late November
through early February) of 2006-2007, 2007-2008, and 2008-2009 (3 total overwintering
seasons). As previously noted, six (6) aerial surveys will likely be conducted over a period of
four (4) months to be executed as follows: 1 in late November, 2 in December, 2 in January, and
1 in early February. If inclement weather or aircraft unavailability precludes the completion of
flights during the study period, flights may be added to the end of the survey period, at the
discretion of the TWC.



A brief e-mail summarizing survey observations will be distributed to the Terrestrial Resources
TWC following each survey. In addition, an annual report summarizing the field season will be
issued no later than April 1 following each study season. A more detailed report summarizing all
aspects of the study to date will be prepared following the second season (2007-2008) for
inclusion in SCE&G�s Application for New License, which is slated for submission to the FERC
in 2008.

Study methodology, timing, and duration may be adjusted based on consultation with the
resource agencies and interested stakeholders. All data collected will be provided in electronic
format to agencies and interested stakeholders.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with
the SCDNR, USFWS, Wildlife and Fisheries RCG, Terrestrial Resources TWC, and other
relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Terrestrial Resources Technical Working Committee

Buddy Baker SCDNR (803)734-3940 bakerb@dnr.sc.gov
Bob Perry SCDNR (803)734-3766 perryb@dnr.sc.gov
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707,

x303
Amanda_hill@fws.gov

Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Brandon Stutts SCANA Services bstutts@scana.com
Dick Christie SCDNR (803)289-7022 christied@dnr.sc.gov
Bob Seibels Riverbanks Zoo

(retired)
bseibels@yahoo.com

Applicant Contacts
Bill Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com
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Kacie Jensen

From: Shane Boring
Sent: Thursday, August 24, 2006 10:31 AM
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; Gerrit Jobsis (American Rivers);

Jennifer Price ; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle; Shane Boring
Cc: Cheryl Balitz
Subject: Saluda Hydro Relicense: Macroinvertebrate Study Plan

All:

Attached is the final study plan for the macroinvertebrate studies that will be performed on the Lower Saluda this fall.
Thanks to all who provided comments. As always, the final study plan will be posted to the Saluda Relicense Website.

Thanks,
Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

LSR Macroinvert
Study Plan _fi...

Cheryl:

Please post to the website under the Freshwater Mussels/Benthic Macroinvertebrates TWC, which is part of the Fish and
Wildlife RCG. Thanks.
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Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Macroinvertebrate Assessment of the Lower Saluda River

Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee
August 24, 2006

I. Study Objective

To assess the status of the macroinvertebrate community in the lower Saluda River (LSR) downstream of
the Saluda Hydroelectric Project dam.

II. Geographic and Temporal Scope

This study will evaluate macroinvertebrate fauna in the LSR from downstream of Saluda Hydroelectric
Project dam to its confluence with the Broad River. Specific sampling locations are shown in Figure 1.

Macroinvertebrate sampling will occur during late-Summer and early-Fall 2006 and 2007 when dissolved
oxygen conditions downstream of the dam are at their most critical.

III. Methodology

Field Methods
If field conditions allow, macroinvertebrate fauna will be sampled at five locations consistent
with previous investigation in the LSR1: the project tailrace (TR); the mouth of the project
spillway (SPW); the �middle river� between Corley Island and the mouth of Twelvemile Creek
(MR); the �lower river� between Interstates 20 & 26 (LR); and in the vicinity of Riverbanks Zoo
(ZO)2 (Figure 1). One site not previously investigated, the Ocean Boulevard shoal area (OB),
will also be sampled (Figure 1).

Three replicate Hester-Dendy multi-plate samplers will be deployed at each location and allowed
to colonize for approximately eight weeks. A multi-habitat assessment, following the USEPA
Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers (Barbour et al. 1999),
will also be performed at the closest wadeable habitat to each of the Hester-Dendy deployment
locations (within 200 meters, if possible) at the beginning and end of the colonization period.
Multihabitat sampling will involve timed, quantitative sampling of the various habitat types
available with the identified reaches (i.e. cobble, sand, snags, woody debris, etc.), using kicknets
and/or D-shaped dipnets, with each habitat type sampled in approximate proportion to its
availability.

Laboratory Methods
Intact Hester Dendy samplers, as well as raw samples from the multihabitat assessment, will be
preserved in the field with 95% ethanol and transported to a South Carolina Department of
Health and Environmental Control (SCDHEC) � approved laboratory for processing.  In the 
laboratory, macroinvertebrates will be separated from debris with the aid of a stereo microscope,

1 Habitat is described in previous investigations at these sites (Shealy 2001; 2003; 2004; 2005).
2  Site is in close proximity to the �old police club� (OPC) sampled in previous investigations (see Shealy 2005); 
sites may be used interchangeably depending on field conditions and access.
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identified to the lowest possible taxonomic level, and enumerated using appropriate techniques
and taxonomic keys. Specimens will be maintained in a voucher collection for five years or
placed permanently in a reference collection.

Data Analysis
Differences in taxonomic composition between sampling sites will be examined using
appropriate bioassessment metrics, as described in Barbour et al. (1999). These metrics will
likely included taxa richness (diversity); EPT (Ephemeroptera, Plecoptera, Trichoptera) Index;
Chironomidae taxa and abundance; ratio of EPT and Chironomid abundance; ratio of
scraper/scraper and filtering collectors; shredder/total number of specimens collected; percent
contribution of dominant taxa; and North Carolina Biotic Index (NCBI)3. Regression analyses
may also be used to detect trends in community composition as a function of distance from the
dam. Water Quality data (dissolved oxygen and temperature) will also be reported for the
sampling period.

IV. Schedule and Required Conditions

Artificial substrate (Hester-Dendy) samplers will be deployed in late summer 2006 and 2007 (late August
/ Early September) and will be allowed to colonize for approximately eight weeks; multihabitat sampling
will be conducted at the beginning and end of the colonization period during each sample year.

A final report summarizing the study findings will be issued within 90 days of completion of field work
during each sampling year. Study methodology, timing, and duration may be adjusted based on
consultation with the resource agencies and interested stakeholders. All data collected will be provided in
electronic format to agencies and interested stakeholders.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with the
SCDNR, USFWS, Wildlife and Fisheries RCG, Freshwater Mussels/Benthic Macroinvertebrate TWC,
and other relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee

Jim Glover SCDHEC (803) 898-4081 gloverjb@dhec.sc.gov
Gerrit Jobsis Am. Rivers/CCL (803)771-7114 gjobsis@americanrivers.org
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707, x303 Amanda_hill@fws.gov
Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Stephen E. Summer SCANA Services (803)217-7357 ssummer@scana.com
Jennifer Price SCDNR (803)353-8232 pricej@dnr.sc.gov

Applicant Contacts
William Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com

3 . Bioassessment metrics are described in greater detail in Barbour et al. (1999) and in reports summarizing
previous macroinvertebrate investigations at the LSR sites (Shealy 2001; 2003; 2004; 2005).
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VII. List of Attachments

Figure 1: Map of Benthic Macroinvertebrate Sampling Locations in the Lower Saluda River
Downstream of the Saluda Hydroelectric Project Dam

VIII. List of References

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates and Fish, Second Edition. EPA 841-B-99-002. U.S. Environmental
Protection Agency; Office of Water; Washington, D.C.

Shealy Environmental Services, Inc. (Shealy) 2001. Macroinvertebrate Assessment of the Saluda
River, Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina
Electric and Gas Company, Lexington County, South Carolina. Report prepared for South
Carolina Electric & Gas Company.

Shealy Environmental Services, Inc. 2003. Macroinvertebrate Assessment of the Saluda River,
Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina Electric
and Gas Company, Lexington County, South Carolina. Report prepared for South Carolina
Electric & Gas Company.

Shealy Environmental Services, Inc. 2004. Macroinvertebrate Assessment of the Saluda River,
Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina Electric
and Gas Company, Lexington County, South Carolina. Report prepared for South Carolina
Electric & Gas Company.

Shealy Environmental Services, Inc. 2005. Macroinvertebrate Assessment of the Saluda River,
Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina Electric
and Gas Company, Lexington County, South Carolina. Report prepared for South Carolina
Electric & Gas Company.
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Kacie Jensen

From: Shane Boring
Sent: Thursday, August 24, 2006 1:47 PM
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; Brandon Stutts ; Buddy

Baker ; Dick Christie; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle
Cc: Cheryl Balitz
Subject: Saluda Relicense: Waterfowl Study Plan

Dear Terrestrial Resources TWC Members:

At our last Terrestrial Resources TWC meeting, the group reviewed and approved the Wintering Waterfowl Study Plan,
pending some minor "clean-up" of the language in the plan. As such, I have incorporated the requested changes and the
final study plan is attached. If somehow your comments were missed or are otherwise not reflected, please let me know
as soon as possible. Otherwise, the attached will be posted to the website as final.

Thanks,

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Lake Murray
Waterfowl Study Pl...

Cheryl:

Could you please post the attached to the Saluda Relicensing website under the Fish and Wildlife RCG. Thanks.



Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Lake Murray Wintering Waterfowl Surveys

Terrestrial Resources Technical Working Committee
August 24, 2006

I. Study Objective

The objective of this research will be to develop an aerial survey database describing the
abundance and distribution of wintering waterfowl (ducks, geese, swans, and coots) using Lake
Murray, South Carolina.

II. Geographic and Temporal Scope

This study will focus on all areas of Lake Murray reservoir and will include six (6) aerial surveys
over a period of four (4) months to be executed as follows: 1 in late November, 2 in December, 2
in January, and 1 in early February. If inclement weather or aircraft unavailability precludes the
completion of flights during the study period, flights may be added to the end of the survey
period, at the discretion of the Terrestrial Resource Technical Working Committee (TWC).

III. Methodology

Aerial surveys will be conducted from fixed-wing aircraft by trained observers from the
University of Georgia�s Savannah River Ecology Laboratory (SREL) and/or Kleinschmidt
Associates. Observers will reference the species and numbers of all waterfowl (ducks, geese,
swans, and coots) observed during aerial surveys, as well as any occurrences of the federally-
endangered wood stork (Mycteria americana). Sightings will be map-referenced at the time of
occurrence. Other data to be included with each aerial survey are: date, beginning and ending
times of the survey, local weather conditions (including temperature, wind speed, extent of
wetland icing in winter, etc.), and disturbance-related activities taking place during the aerial
survey. Actual duration of these aerial surveys will be approximately 2.5 hours. Aerial surveys
will be conducted from a height of approximately 250�300 ft and at a safe airspeed given the 
prevailing weather conditions. The entire lake pool will be surveyed for waterfowl use.

Data summaries will be performed using the Statistical Analysis System (SAS Institute, Inc.).
Summaries will include location graphics of waterfowl numbers, as well as descriptions of
temporal changes in waterfowl distributions (species- and/or subfamily-specific).

IV. Schedule and Required Conditions

Waterfowl surveys will begin in late November 2006 and continue through early February 2006
(4 months of study annually). Savannah River Ecology Lab will submit two (2) copies of a final
report to Kleinschmidt Associates by March 1, in the year of the investigation�s completion, 
covering all aspects of the investigation.



Study methodology, timing, and duration may be adjusted based on consultation with the
resource agencies and interested stakeholders. All data collected will be provided in electronic
format to agencies and interested stakeholders.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with
the SCDNR, USFWS, Wildlife and Fisheries RCG, Terrestrial Resources TWC, and other
relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Terrestrial Resources Technical Working Committee

Buddy Baker SCDNR (803)734-3940 bakerb@dnr.sc.gov
Bob Perry SCDNR (803)734-3766 perryb@dnr.sc.gov
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707,

x303
Amanda_hill@fws.gov

Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Brandon Stutts SCANA Services bstutts@scana.com
Dick Christie SCDNR (803)289-7022 christied@dnr.sc.gov
Bob Seibels Riverbanks Zoo

(retired)
bseibels@yahoo.com

Applicant Contacts
Bill Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com
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Kacie Jensen

From: Shane Boring
Sent: Wednesday, August 09, 2006 2:19 PM
To: Shane Boring; 'theresa_thom@nps.gov'; 'Wade Bales (balesw@dnr.sc.gov)'; 'Amanda Hill';

'Bill Argentieri'; 'Dick Christie'; 'Gerrit Jobsis (American Rivers)'; 'Hal Beard'; Jennifer
Summerlin; 'Jim Glover'; 'Prescott Brownell'; 'Randy Mahan'; 'Ron Ahle'; 'Scott Harder'; Shane
Boring; 'Steve Summer'; Brandon Kulik; Alan Stuart

Cc: Brandon Kulik
Subject: RE: Saluda Hydro Relicense: Review of 1990 Saluda IFIM Study

Hello folks:

After speaking with several of you, it now looks as if Wednesday, September 7th may be a better date for the proposed
Instream Flow TWC meeting. This will allow folks that are traveling from out of state not to have to travel over the holiday
weekend. Also, Brandon Kulik from Kleinschmidt's Maine office would like at least a day to see the river before the
meeting. Please let me know if your availability. Please feel free to propose alternate dates during this week if the 7th
won't work for you. Thanks.

Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

-----Original Message-----
From: Shane Boring
Sent: Tuesday, August 01, 2006 5:04 PM
To: 'theresa_thom@nps.gov'; Wade Bales (balesw@dnr.sc.gov); Amanda Hill; Bill Argentieri; Dick Christie; Gerrit Jobsis (American

Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Prescott Brownell; Randy Mahan; Ron Ahle; Scott Harder; Shane Boring;
Steve Summer; Brandon Kulik; Alan Stuart

Cc: Brandon Kulik
Subject: Saluda Hydro Relicense: Review of 1990 Saluda IFIM Study

Dear Saluda Relicensing Instream Flow/Aquatic Habitat Technical Working Committee Member:

Per our discussions at the June 14th meeting, Brandon Kulik (instream flow specialist at Kleinschmidt) has prepared a
memo summarizing the 1990 IFIM study and its applicability to the current relicensing effort (see attached). This
memo is intended to serve as a starting point for technical discussion regarding the need for and/or scope of additional
relicensing-related flow studies. Once everyone has had a couple of weeks to review the memo, we would like to
schedule a meeting in early September for Brandon to come and meet with the group. How about Tuesday,
September 5th? This will likely be an all-day meeting. Thanks in advance for your input.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

<< File: 2006-06-30 Memo - Review of LSR Instream Flow Study.pdf >>
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Kacie Jensen

From: Shane Boring
Sent: Tuesday, August 01, 2006 5:04 PM
To: 'theresa_thom@nps.gov'; Wade Bales (balesw@dnr.sc.gov); Amanda Hill; Bill Argentieri; Dick

Christie; Gerrit Jobsis (American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Prescott
Brownell; Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Brandon
Kulik; Alan Stuart

Cc: Brandon Kulik
Subject: Saluda Hydro Relicense: Review of 1990 Saluda IFIM Study

Dear Saluda Relicensing Instream Flow/Aquatic Habitat Technical Working Committee Member:

Per our discussions at the June 14th meeting, Brandon Kulik (instream flow specialist at Kleinschmidt) has prepared a
memo summarizing the 1990 IFIM study and its applicability to the current relicensing effort (see attached). This memo is
intended to serve as a starting point for technical discussion regarding the need for and/or scope of additional relicensing-
related flow studies. Once everyone has had a couple of weeks to review the memo, we would like to schedule a meeting
in early September for Brandon to come and meet with the group. How about Tuesday, September 5th? This will likely
be an all-day meeting. Thanks in advance for your input.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

2006-06-30 Memo -
Review of LS...
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MEMORANDUM

TO: Instream Flow/Aquatic Habitat Technical Working Committee (TWC)

FROM: Brandon Kulik, Kleinschmidt Associates
DATE: July 31, 2006

RE: Review of Lower Saluda River Instream Flow Study

It is my understanding that TWC is interested in evaluating how much of the study
entitled �Instream Flow Requirements for the fishes of the lower Saluda River� dated March 28, 
1995 can be applied to contemporary relicensing decisions about the Saluda Hydroelectric
Project. The stated purpose of this study was �to evaluate the effects of rate from the Lake
Murray Dam on the amount of suitable habitat for fishery resources of the LSR�.

At your request I have reviewed the report, and am providing some observations.

General Comments

The field study and methods of computer modeling as described appear to generally
adhere to methods described by Bovee (1982), and thus the raw Weighted Usable Area (WUA)
vs. flow relationships are probably reasonable at least for the lower flow range. A few aspects of
this report, that at face value may not be entirely consistent with study design elements
recommended by Bovee, et al. (1998), may or may not affect how the extrapolated and weighted
WUA data in the existing report can be used, but to start the discussion, I have flagged a few of
these items as they may be worth group discussion.

Specific Comments

The following comments are arranged by report topic heading.

1. Study Area: The overall study area boundaries appear logical, as it extends from
the point of flow control (Lake Murray Dam) to the influence from another large
and independent source of flow (Broad River).

a. The report does not clearly articulate a rationale for establishing the
boundaries for the three reaches. It appears that the reaches were divided
into thirds. Reach boundaries are typically placed where there is a shift in
conditions that may influence hydraulics (e.g. river channel morphology,
slope), habitat (geomorphology, dominant cover, substrate, or mesohabitat
composition), or hydrology (contribution of tributary inflow, such as a
10% increase in flow or drainage area) (Bovee, et al., 1998).
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b. It is not clear from the description (pp 6-7) if model output was weighted
according to the relative linear abundance of each habitat type (see Table
2) within each reach or globally for the entire study area (i.e. all three
reaches combined). Reach weighting can influence the shape of the
wetted area and WUA curves.

c. Model results obtained in rapids and riffles usually will show a different
sensitivity to flow changes from pools and runs. However, frequently,
certain species and lifestages may only use a subset of the overall habitat
types. The report as written leads to a conclusion that all habitats were
blended together for each lifestage to develop a WUA curve. Thus it may
be worth some group discussion to clarify how this was handled.

2. Target Species and Criteria

a. Fish Passage: An adult striped bass habitat Suitability Index (SI) was used
as a criterion for shoal zone-of-passage passage requirements. This SI
curve is driven by the resting and foraging requirements of a large pelagic
predator. For the purpose of fish migration passage, it may be worthwhile
to consider other criteria such as zone-of-passage criteria in natural
channels set forth by Bovee (1982), and/or principals of ichthyomechanics
and hydraulics (Clay 1995, Bell 1991).

b. Brown trout and rainbow trout: I note that the spawning lifestage for trout
is employed, which I take to mean that there is a management objective to
establish or maintain a wild population of these species. If so, both fry
and juvenile lifestages for these species should also be included but were
not. Because spawning/incubation, and fry lifestages of these species
occur only for a limited portion of the year; these WUA curve should
probably not be employed as part of a blended year-round flow
recommendation, but assigned to a time series that targets applicable
weeks or months when the lifestage is specifically expected to be present
(see suggested matrix below). Because salmonids are not habitat
generalists, this analysis would also benefit by documenting the following:

i. Does fishery management rely on natural reproduction?
ii. Does suitable macrohabitat and mesohabitat exist to support each

lifestage?
iii. Is suitable fry and YOY habitat available in contiguous reaches?
iv. Can fry and YOY lifestage flows be evaluated and applied during

appropriate months?

c. Suitability Index Criteria (general comment). SI criteria appear to
generally be taken from the literature with no transferability evaluation.
For example, Raleigh (1984 and 1986) criteria for brown and rainbow
trout were primarily developed from general literature and habitat studies
on large western rivers. Use of these criteria on dissimilar ecosystems and
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regions without some documented transferability assessment, while
expedient, has been criticized in many recent IFIM studies (Bovee, et al.
1998, K. Bovee, personal communication). The TWC may wish to
discuss overall comfort using such curves.

3. Discharge Measurements: Three calibration flows were employed to construct
this model, with a single set of calibration velocities taken at the lowest of the
three flows. For purposes of a low-flow IFIM model this is probably adequate;
however. The accuracy of model hydraulics as flow approaches the middle-to-
higher flow range is potentially questionable without further documentation that
Velocity Adjustment Factors fell within an acceptable range. The report should
explicitly state the range of modeled flows that meet hydraulic accuracy
standards. If greater accuracy is deemed important at higher flows, there may be
cost effective ways to obtain such data.

4. Presentation of WUA Data

These are just some observations about how the WUA results are presented and
how that could be enhanced to support decision-making.

a. Although the general statement is made that �WUA increased rapidly to
maximum levels for flows between 300-1000 cfs for most species and life
stages��, this is still a wide range, perhaps due mostly to the blending of
species/lifestages, habitat types, and timeframes together. Optimizing
habitat for one species at 300 cfs may impair habitat suitability for others
that are optimized at higher flows, and visa versa. Also, not all
species/lifestages coexist at the same time and in all habitats. Thus the
analysis should provide a biological rational for:

i. Prioritizing species/life stages or at least balancing trade-offs when
conflicting WUA curves occur (Bovee 1982, Bovee et al. 1998).

ii. Correlating species/lifestages to applicable seasonal or monthly
periods so seasonally varying flows can be assessed (see example
matrix attached below).

b. WUA data are only presented in a �normalized� (i.e. percent-of-optimal
format) in the main body of the report. (I realize that they are presented in
Appendix I as individual graphs, but in that format the relative WUA
comparisons among lifestages are difficult to make). Easily viewing the
relative magnitude of WUA potentially available at a given flow among
species and lifestages would facilitate prioritization of species and
lifestages so that inter-lifestage trade-offs can be better evaluated. Along
those same lines, WUA data are presented only in graphs; tabular WUA
data would enhance the assessment of trade-offs at the finer increments of
flow ranging in the zone of interest, and enhance flow recommendations
and negotiation.
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c. A flow recommendation using a percentage of �optimal� WUA as the sole 
metric, can potentially be difficult to defend, because optimal WUA is
merely an artifact of stream geometry hydraulics and SI information that
doesn�t factor in site-specific, seasonally varying flow availability. For
example, if a flow supporting �optimal� WUA is an infrequent event, then
an alternate habitat metric might be the amount of WUA that results from
the naturally occurring median for the time increment of interest (i.e.
seasonal, annual, monthly).

5. Suggestions

Model Accuracy

Two primary areas that PHABSIM models are most sensitive to error or bias are
in SI criteria, (especially depth and velocity curves), and in how results obtained from
study reaches and mesohabitat types are weighted (J. Henrikson, USGS/MESC, personal
communication). Related to this is study site stability. If, (as noted by Ron Ahle on June
14, 2006), the river channel geometry has changed, then it would be worth re-surveying
at least a subset of the transects to confirm if that has happened, and if it has, the extent to
which the potential for past data to be transferable may be lost. If the channel profile
details have shifted, but the overall geometry, slopes and widths remain similar, the
differences may not be significant.

Assuming the transects remain representative of current and anticipated future
conditions, secondary area for potential error in this instance could be in extrapolation of
hydraulic data from calibration data.

SI Criteria

The TWC may wish to evaluate if the SI criteria applied to the original model is
sufficiently accurate for this application, and update and/or refine criteria if needed. In
some cases, new SI criteria may need to be developed to account for new species or
lifestages identified at the June 14, 2006 TWC meeting.

Reach Weighting

The TWC may wish to seek clarification as to how individual reach WUA/flow
curves were weighted together, and make revisions if deemed necessary. Also consider
looking at transect data representing individual mesohabitats that best correlate to use by
guild groups and/or lifestages identified at the June 14, 2006 TWC meeting. To the
extent supporting data exists, the TWC may wish to re-analyze and re-calculate WUA�s.  
For some species objectives, such as the wild trout fishery some additional habitat
mapping and transect data collection may be required, at least to account for early
lifestages.
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Hydraulic Model Calibration

Of the three calibration data sets, only the low flow contains velocity as well as
stage data. The other flows have stage data only. Assuming that the historic transects are
found to still be representative of existing channel conditions, the TWC may wish to
assess if additional velocity data at a higher flow are necessary to satisfactorily calibrate
the model throughout the entire flow range of interest. If the historic transects are
adequately geo-referenced, then additional velocity data may be readily collected.

Flow Analysis

Contemporary instream flow recommendations typically recommend flows or
flow targets that vary seasonally, rather than provide a single flat minimum flow (Annear
et al., 2000). The conventional problem-solving steps would be to:

1. Time series: prioritize species /lifestages according to management
objectives, season of occurrence within and throughout the study reaches
so that trade-offs among species, lifestages and other water uses can be
assessed.

2. Establish a benchmark flow for each month (or season) that represents
�typical� inflow for that period, such as a median (50th percentile) flow.

3. Develop a matrix, by month or season (if applicable), of flow and species
and lifestages present (see attached example).

4. Based on that flow matrix, select the discharge corresponding to the
lowest-flow period during which each species and lifestage is present.

5. Calculate the ambient WUA occurring during that flow period. The
month featuring the lowest WUA value is the naturally-occurring
maximum WUA and should be used in comparisons. For some species
and lifestages, this may require breaking out WUA results from separate
habitat types contained in the model.

These next two steps are iterative:

6. Compare WUA produced under alternative flow releases to determine
which alternatives provide an acceptable amount of WUA relative to what
would exist compared to the naturally-limiting monthly or seasonal WUA.

7. Based on the prioritizations established under steps 1 and 2, determine
what species/lifestage(s) drive the flow recommendation for each month,
and what the trade-offs if any are to other lifestages and human water uses.
If further balancing is required, return to step 6 and assess a different
scenario.
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Kacie Jensen

From: Alison Guth
Sent: Tuesday, July 25, 2006 10:26 AM
To: Wade Bales (balesw@dnr.sc.gov); Alan Stuart; Alison Guth; Amanda Hill;

BARGENTIERI@scana.com; Bill East; Bill Hulslander; Bill Marshall; Bob Perry ; Bob Seibels
(bseibels@yahoo.com); Charlene Coleman; Daniel Tufford; Dick Christie; Ed Diebold; George
Duke; Gerrit Jobsis (American Rivers); Gina Kirkland; Hal Beard; Jeff Duncan; Jennifer
O'Rourke; Jennifer Summerlin; Jim Glover; Jim Goller; Joe Logan; Joy Downs; Larry Turner
(turnerle@dhec.sc.gov); Laura Boos (laura.mccary@gmail.com); Malcolm Leaphart; Mark
Leao; Mike Sloan; Norman Ferris; Patrick Moore; Prescott Brownell; Ralph Crafton;
RMAHAN@scana.com; Reed Bull (rbull@davisfloyd.com); Robert Lavisky; Ron Ahle; Sam
Drake; Scott Harder; Shane Boring; Steve Bell; Steve Leach; Steve Summer; Suzanne
Rhodes; Tom Bowles (tbowles@scana.com)

Subject: 2005 Crayfish Assessment

Hello RCG Members,

I have attached, for your perusal, the report on the 2005 Crayfish Assessment. Feel free to contact me with any questions.
Thanks, Alison

Final 2005 LSR
Crayfish Assess...

Alison Guth
Licensing Coordinator
Kleinschmidt Associates
101 Trade Zone Drive
Suite 21A
West Columbia, SC 29170
P: (803) 822-3177
F: (803) 822-3183
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July 17, 2006

Fish and Wildlife Resource Conservation Group Members
Saluda Hydro Relicensing Team

South Carolina Electric & Gas Company � FERC Project No. 516 
2005 Lower Saluda River Crayfish Assessment

Dear RCG Members:

In response to a request by the U.S. Fish and Wildlife Service (USFWS) and in
preparation for the relicensing of the Saluda Hydroelectric Project (FERC No. 516), South
Carolina Electric & Gas Company (SCE&G) contracted with Kleinschmidt Associates to
perform a crayfish assessment in the lower Saluda River in the fall of 2005. The first of these
assessments was conducted on October 11, 2005, and assessments continued on a weekly basis
through November 15, 2005. The following is a report presenting our findings of the study.

BACKGROUND

On April 29th of 2005, SCE&G filed the Notice of Intent (NOI) to relicense the Project
with the Federal Energy Regulatory Commission (FERC), as well as issuing the Initial
Consultation Document (ICD) to the FERC and stakeholders. The current license is due to
expire August 31, 2010. Comments on the ICD submitted by the USFWS include a study
request for an evaluation of benthic macroinvertebrate assemblages that include crayfish as well
as EPT�s (Ephemeroptera, Plecoptera, Trichoptera). This was requested with the justification
that such studies will provide information for the assessment of Project effects on benthic
resources.

Concurrent with the release of the ICD, in spring 2005, SCE&G carried out a series of
diadromous fish studies on the lower Saluda river in response to early study requests from the
South Carolina Department of Natural Resources (SCDNR), the USFWS, and NOAA Fisheries.
Target species included the American shad, hickory shad, blueback herring, shortnose sturgeon,
Atlantic sturgeon, striped bass, and the American eel. It was found, during the American eel
surveys, that the traps were efficient in the collection of crayfish. After formal discussions with
the USFWS, the eel traps were re-deployed in October 2005 in order to gather data on crayfish
species.

MATERIALS METHODS

The traps used during the entirety of the sampling period consisted of double-entry,
galvanized wire mesh minnow traps, measuring about 2 ½ feet long (see Figure A). These traps
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were successful in sampling crayfish during Spring 2005 diadromous fish studies. Each trap was
initially baited with herring and was re-baited on two-week intervals or as needed. A one lb
weight was also placed in the traps to insure that they remained submerged. The traps were
deployed mid-channel and secured to the bank with a length of cord so that they were readily
accessible. Moreover, in an attempt to decrease vandalism and disturbance, they were positioned
such that they were not readily noticeable. In the event of vandalism or theft, the trap was
replaced as soon as feasible.

Each trap was deployed at its respective sampling location on October 3, 2005 and was
allowed to fish continuously until early November, with the exception of when a trap was stolen
or vandalized. The traps were inspected once a week under most circumstances. However, rain
events and high flows occasionally prevented access to the traps, and they would subsequently
be checked when the water levels decreased. Any by-catch was field identified and released.
Data recorded for each sample included trap deployment and retrieval time, total number of
crayfish collected, and the number of males and females, however only the males were kept for
identification in the laboratory. After initial genus identification by Kleinschmidt personnel,
species were verified by crayfish specialist Dr. Arnold Eversole, with Clemson University.

Traps were deployed at four points along the Saluda River below the Saluda Dam. These
locations were chosen according to resource agency recommendations for diadromous species
trapping, and included: (1) the Saluda Dam Spillway; (2) the mouth of Twelvemile Creek; (3) the
LSR downstream of Interstate 26 near the USGS gage station; (4) and the Saluda Dam Tailrace
(see Figure B).

FINDINGS

During the sampling period a total of 41 crayfish were collected from the LSR. Of those
individuals, there were 19 males and 22 females field identified. All of the specimens captured
were of two genus�,  Procambarus and Cambarus; it is believed that only two species were found
within those genus�, Cambarus (Depressicambarus) latimanus and Procambarus
(Scapulicambarus) troglodytes.

Cambarus (Depressicambarus) latimanus is found in several river basins in North
Carolina, South Carolina, Georgia, Florida and Alabama. Considered a secondary burrower, this
species spends its time in small to moderately large streams and burrows1. Procambarus
(Scapulicambarus) troglodytes is considered a tertiary burrower, meaning that it spends much of
its time in open water, retreating to its burrow for winter frost, egg laying and to avoid
desiccation. This species is widely distributed throughout the state and populations are
considered stable2. Neither of these species is listed on the Federal List of Endangered and
Threatened Wildlife and Plants for Richland, Lexington, Newberry, or Saluda Counties.

1 Crandall, Keith A., Fetzner, Jr., James W., and Hobbs, Jr., Horton H. 2001. Cambarus (Depressicambarus)
latimanus Le Conte 1856. Version 01 January 2001 (under construction).
http://tolweb.org/Cambarus_(Depressicambarus)_latimanus/6858/2001.01.01 in The Tree of Life Web Project,
http://tolweb.org . Viewed 7 July 2006.
2 Crandall, Keith A., Fetzner, Jr., James W., and Hobbs, Jr., Horton H. 2001. Procambarus (Scapulicambarus)
troglodytes Le Conti 1856. Version 01 January 2001 (underconstruction).
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I have included Tables 1-4, which depict the findings recorded during the sampling
events. If you have any questions or need additional information, please do not hesitate to
contact me at (803) 822-3177.

Sincerely,

KLEINSCHMIDT ASSOCIATES

Alison Guth
Licensing Coordinator

AG:mas
Attachments

J:\455\029\Docs\001-2005 LSR Crayfish Assessment.doc

http://tolweb.org/Procambarus_(Scapulicambarus)_troglodytes/7660/2001.01.01 in The Tree of Life Web Project,
http://tolweb.org . Viewed 7 July 2006.
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Figure A: Standard Trap that was Used Throughout Sampling
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Table 1: Crayfish Surveys � USGS Gage Station 

Saluda Hydro Project Relicensing
2005 Crayfish Surveys

USGS Gaging Station

Date
Time Retrieved for
Inspection

Time
Redeployed

Total
Number

Genus of
Males Comments

10/3/2005 10:50 Deployed Trap

10/11/2005 12:59 1:18

Much vegitation covering
trap, removed vegetation
and rebaited, no catch

10/19/2005 11:35 11:39 Rebaited, no catch
10/25/2005 2:46 2:52 Rebaited, no catch
11/3/2005 2:16 2:30 Rebaited, no catch

11/15/2005 2:51 Retrieved trap, no catch
Total 0

Table 2: Crayfish Surveys � Tailrace 

Saluda Hydro Project Relicensing
2005 Crayfish Surveys

Tailrace

Date

Time
Retrieved for
Inspection

Time
Redeployed

Total
Number

Genus of
Males Comments

10/3/2005 12:23 Deployed Trap
10/11/2005 1:55 2:10 5 (4M, 1F) Cambarus Rebaited trap
10/19/2005 12:00 Trap out of water, rebaited
10/25/2005 3:15 3:22 No catch

11/3/2005 2:51 Trap stuck, could not retrieve
Total 5 (4M, 1F)



Table 3: Crayfish Surveys � Spillway 

Saluda Hydro Project Relicensing
2005 Crayfish Surveys

Spillway

Date
Time Retrieved
for Inspection

Time
Redeployed Total Number Genus of Males Comments

10/3/2005 1:06 Deployed Trap

10/11/2005 2:35 2:51 11 (7 F, 4 M)
Procambarus (2),
Cambarus (2) Rebaited

10/19/2005 12:30 12:39 2 (M)
Procambarus (1),
Cambarus (1)

10/25/2005 3:45
Could not access
trap, high water

11/3/2005 3:26 Trap gone
Total 13 (7 F, 6 M)

Table 4: Crayfish Surveys � Twelvemile Creek Location

Saluda Hydro Project Relicensing
2005 Crayfish Surveys

Twelvemile Creek Location

Date
Time Retrieved
for Inspection

Time
Redeployed Total Number

Genus of
Males Comments

10/3/2005 1:33 Trap Deployed
10/11/2005 3:15 3:27 6 (4 F, 2 M) Cambarus Rebaited, caught 1 Anguilla rostrata
10/19/2005 1:52 2:03 4 (3 F, 1 M) Cambarus Rebaited
10/25/2005 4:15 4:32 11 (7 F, 4 M) Cambarus Rebaited

11/3/2005 3:57 4:03 1 (M) Cambarus Rebaited
11/15/2005 3:47 1 (M) Cambarus Collected Trap

Total 23 (14 F, 9 M)
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From: SUMMER, STEPHEN E [SSUMMER@scana.com]

Sent: Friday, July 21, 2006 12:55 PM

To: BARGENTIERI@scana.com; Shane Boring; Amanda Hill; Jennifer Price; Jennifer Summerlin; Jim
Glover; RMAHAN@scana.com; Ron Ahle; Gerrit Jobsis

Subject: FW: Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

Page 1 of 2Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

10/29/2007

Once more with the attachment.
Steve

From: Gerrit Jobsis [mailto:gjobsis@americanrivers.org]
Sent: Thursday, July 20, 2006 2:15 PM
To: Shane Boring; SUMMER, STEPHEN E; Amanda Hill; ARGENTIERI, WILLIAM R; Jennifer Price; Jennifer
Summerlin; Jim Glover; MAHAN, RANDOLPH R; Ron Ahle
Subject: RE: Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

Here are my comments Shane.

_____________________________________________
Gerrit Jöbsis
Director of Southeast Conservation
American Rivers
2231 Devine Street, Suite 100 • Columbia, S.C. 29205
803/771-7114
803/771-7580 Fax
gjobsis@americanrivers.org

www.AmericanRivers.org

American Rivers protects and restores healthy natural rivers for the benefit of communities, fish and
wildlife.

From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com]
Sent: Wednesday, July 19, 2006 5:06 PM
To: Steve Summer; Amanda Hill; Bill Argentieri; Gerrit Jobsis; Jennifer Price; Jennifer Summerlin; Jim Glover;
Randy Mahan; Ron Ahle; Shane Boring
Subject: Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

Hello Folks:

Attached for your review is the first cut at the Lower Saluda Macroinvertebrate Study Plan. As discussed in out
May 3rd meeting, the study plan incorporates the existing methods from the studies performed by Shealy Env., as
well as the recommended multi-habitat component. Please have your comments/suggestions on the plan back to
me by Wednesday, August 2nd. I'm particularly interested in any suggestions regarding sampling locations; the
2005 sampling by Shealy sampled 4 locations, which are primarily in the upper and lower reaches of the LSR.
Thanks.

Shane

C. Shane Boring



Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

<<LSR Macroinvert Study Plan (draft;07-19-2006).doc>>

Page 2 of 2Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

10/29/2007
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Jöbsis comments 7-20-06
Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Macroinvertebrate Assessment of the Lower Saluda River

Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee
Draft -- July 19, 2006

I. Study Objective

To assess the status of the macroinvertebrate community in the lower Saluda River (LSR) downstream of
the Saluda Hydroelectric Project dam.

II. Geographic and Temporal Scope

This study samples the macroinvertebrate fauna in the LSR from downstream of Saluda Hydroelectric
Project dam to its confluence with the Broad River. Specific sampling locations are shown in Figure 1.

Macroinvertebrate sampling will occur during late-Summer and early-Fall 2006 and 2007 when dissolved
oxygen conditions downstream of the dam are at their most critical.

III. Methodology

Field Methods
Macroinvertebrate fauna will be sampled at four locations consistent with previous investigation
in the LSR (Shealy 2005): the project tailrace (TR); the project spillway (SPW); the “lower
river” between Interstates 20 & 26 (LR); and the vicinity of the USGS gage (#01269000) near
the “old police club” (OPC) (Figure 1)1. Three replicate Hester-Dendy multi-plate samplers will
be deployed at each location and allowed to colonize for approximately eight weeks. In addition,
a multi -habitat assessment, following the USEPA Rapid Bioassessment Protocols for Use in
Streams and Wadeable Rivers (Barbour et al. 1999), will be performed at the closest wadeable
habitat to each of the Hester-Dendy deployment locations (within 200 meters, if possible).
Multihabitat sampling will involve timed, quantitative sampling of the various habitat types
available with the identified reaches (i.e. cobble, sand, snags, woody debris, etc.), using kicknets
and/or D-shaped dipnets, with each habitat type sampled in approximate proportion to its
availability.

Laboratory Methods
Intact Hester Dendy samplers, as well as raw samples from the multihabitat assessment, will be
preserved in the field with 95% ethanol and transported to a South Carolina Department of
Health and Environmental Control (SCDHEC) – approved laboratory (Shealy Environmental
Services, Inc., West Columbia, SC) for processing. In the laboratory, macroinvertebrates will be
separated from debris with the aid of a stereo microscope, identified to the lowest possible
taxonomic level, and enumerated using appropriate techniques and taxonomic keys. Specimens
will be maintained in a voucher collection for five years or placed permanently in a reference
collection.

1 Habitat is described in previous investigations at these sites (Shealy Environmental Services, Inc. 2001; 2003;
2004; 2005).
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Data Analysis
Differences in taxonomic composition between sampling sites will be examined using
appropriate bioassessment metrics, as described in Barbour et al. (1999). These metrics will
likely included taxa richness (diversity); EPT (Ephemeroptera, Plecoptera, Trichoptera) Index;
Chironomidae taxa and abundance; ratio of EPT and Chironomid abundance; ratio of
scraper/scraper and filtering collectors; shredder/total number of specimens collected; percent
contribution of dominant taxa; and North Carolina Biotic Index (NCBI)2. Regression analyses
may also be used to detect trends in community composition as a function of distance from the
dam.

IV. Schedule and Required Conditions

Artificial substrate (Hester Dendy) samplers will be deployed in late summer 2006 and 2007 (late August
/ Early September) and will be allowed to colonize for approximately eight weeks; multihabitat sampling
will be conducted concurrently. A final report summarizing the study findings will be issued within 90
days of completion of field work during each sampling year.

Study methodology, timing, and duration may be adjusted based on consultation with the resource
agencies and interested stakeholders. All data collected will be provided in electronic format to agencies
and interested stakeholders.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with the
SCDNR, USFWS, Wildlife and Fisheries RCG, Freshwater Mussels/Benthic Macroinvertebrate TWC,
and other relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee

Jim Glover SCDHEC (803) 898-4081 gloverjb@dhec.sc.gov
Gerrit Jobsis Am. Rivers/CCL (803)771-7114 gjobsis@americanrivers.org
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707, x303 Amanda_hill@fws.gov
Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Stephen E. Summer SCANA Services (803)217-7357 ssummer@scana.com
Jennifer Price SCDNR (803)353-8232 pricej@dnr.sc.gov

Applicant Contacts
William Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com

VII. List of Attachments

2 . Bioassessment metrics are described in greater detail in Barbour et al. (1999) and in reports summarizing
previous macroinvertebrate investigations at the LSR sites (Shealy Environmental Services, Inc. 2001; 2003; 2004;
2005).
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Figure 1: Map of Benthic Macroinvertebrate Sampling Locations in the Lower Saluda River
Downstream of the Saluda Hydroelectric Project Dam
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Figure 1. Proposed Macroinvertebrate Sampling Locations in the Lower Saluda River Downstream of the Saluda Hydroelectric
Project Dam
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Page 1: [1] Comment SCANA 7/21/2006 11:01 AM

The spillway site was originally added due to the problem of finding relatively low-
velocity areas in the lower Saluda River. The TR samplers were fastened to the I-beam
(in the channel in the I-beam) which forms the downstream leg of the USGS monitor.
The spillway samplers were hung from overhanging vegetation just inside the channel of
the spillway where it enters the river (far enough in to keep them out of the current).

The OPC samplers were hung from the USGS sampler (02169000). I didn’t consider this
an ideal location, but there is no boat access in this area.

I’ve also set samplers in a MR (middle river) location, upstream of Twelve Mile Creek.
Setting of samplers in this area has been impossible some years to lack of tree-falls and
snags to break the current velocity.

Please be aware that for any given year, it is normal for one set of samplers placed in the
LR and MR areas to be lost/unretrievable. I've also plaved samplers in the backwater
downstream of teh spillway channel, but after a couple of years of disappearing samplers
(I have to assume vandalism) i gave up on that location.

I also suggest consideration of placing samplers near the zoo in addition to or in lieu of
the USGS gage (OPC) if a suitable site can be located (the OPC location is about one
mile upriver of the zoo. This area may also be easier to access for multi-habitat sampling
(the area at the old police club is privately owned and access to a wadeable site is
problematic.

Page 1: [2] Comment American Rivers User 7/20/2006 2:12 PM

It appears on the map that LR and OPC sites are near tributary streams. I recommend not
sampling immediately downstream of any tributary to avoid tributary influence. If a site
MUST be near a trib due to access limitations, it should be located upstream by at least
200 m.

Page 1: [3] Comment SCANA 7/21/2006 11:08 AM

Wadeable sections are at a premium. They are difficult to locate at flow high enough for
a motorized boat. You are essentially limited to the few near bank sandbars and
adjacent aquatic vegetation. To get good samples, you must sample at low water (need to
get to areas not exposed to air). This is one of the main reasons that I did not continue
the rapid bioassessment methodology and switched to the Hester Dendys. Canoe travel
may be the only way to access multi-habitat sampling areas.
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Kacie Jensen

From: Shane Boring
Sent: Thursday, July 20, 2006 3:41 PM
To: 'Amanda Hill '; 'Gerrit Jobsis'; 'Bob Seibels'; 'Tom Eppink'; 'Randy Mahan '; Kelly Miller; 'Ron

Ahle (ahler@dnr.sc.gov)'
Cc: 'Bill Argentieri'; 'Steve Summer (ssummer@scana.com)'; Alan Stuart; Alison Guth
Subject: Saluda Hydro Rocky Shoals Spider Lily Float Trip

All:

Attached is a draft memo summarizing the May 31 Lower Saluda River float trip to look for rocky shoals spider lilies.
Please take a moment to review it and be prepared to provide comments at next weeks meeting (July 26th) of the RT&E
TWC. For those not able to attend the meeting, e-mail comments are fine. Thanks.

Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

May 2006 RSSL
Survey Memo (Dra...



MEMORANDUM

TO: Saluda Hydro Project Relicensing Stakeholders

FROM: Saluda Hydro Rare, Threatened, and Endangered Species Technical Working
Committee

DATE: July 20, 2006

RE: May 2006 Lower Saluda River Rocky Shoals Spider Lily Survey Observations

On May 31, 2006, members of the Rare, Threatened, and Endangered Species Technical
Working Committee conducted a survey of the Lower Saluda River (LSR) for presence of the
Rocky Shoals Spider Lily (RSSL), a federal species of concern. Survey attendees, methods, and
observations are summarized below.

Survey Attendees: Ron Ahle, SCDNR
Amanda Hill USFWS
Gerrit Jobsis, American Rivers
Bob Seibels, Riverbanks Zoo (retired)
Shane Boring, Kleinschmidt Associates
Kelly Miller, Kleinschmidt Associates
Bill Argentieri, SCE&G
Randy Mahan, SCANA Services
Tom Eppink, SCANA

Survey Duration: approximately 1030 – 1730 hrs

Survey Methods and Observations:
The LSR was surveyed by canoe along its entire length, from the SCE&G boat landing near the
base of Saluda Hydro to the Senate Street Landing on the Congaree River. Shoal areas not
accessible by canoe were examined on foot for presence of RSSL.

Two RSSL plants were documented in the Ocean Boulevard Rapid area of the LSR by Gerrit
Jobsis, Amanda Hill, and Shane Boring. These plants were not in bloom and appeared stunted
compared to RSSL plants observed farther downstream (see observations below).

The group also observed a large stand of RSSL (> 100 plants) in the confluence of the Saluda
and Broad rivers, just upstream of the Highway 12 bridge. This population displayed a vigorous
growth pattern and abundant blooms at the time of the survey. This population has been
documented previously during investigations related to relicensing of the Columbia
Hydroelectric Project (FERC# 1895) and is described in greater detail in Columbia Hydroelectric
Project: Rocky Shoals Spider Lily Plant Survey (Kleinschmidt Associates, 1998).

Please direct any questions related to the RSSL survey to Shane Boring, Kleinschmidt
Associates, at (803) 822-3177.



Kacie Jensen

From: Gerrit Jobsis [gjobsis@americanrivers.org]

Sent: Thursday, July 20, 2006 2:15 PM

To: Shane Boring; Steve Summer; Amanda Hill; BARGENTIERI@scana.com; Jennifer Price; Jennifer
Summerlin; Jim Glover; RMAHAN@scana.com; Ron Ahle

Subject: RE: Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

Page 1 of 1Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

10/29/2007

Here are my comments Shane.

_____________________________________________
Gerrit Jöbsis
Director of Southeast Conservation
American Rivers
2231 Devine Street, Suite 100 • Columbia, S.C. 29205
803/771-7114
803/771-7580 Fax
gjobsis@americanrivers.org

www.AmericanRivers.org

American Rivers protects and restores healthy natural rivers for the benefit of communities, fish and
wildlife.

From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com]
Sent: Wednesday, July 19, 2006 5:06 PM
To: Steve Summer; Amanda Hill; Bill Argentieri; Gerrit Jobsis; Jennifer Price; Jennifer Summerlin; Jim Glover;
Randy Mahan; Ron Ahle; Shane Boring
Subject: Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

Hello Folks:

Attached for your review is the first cut at the Lower Saluda Macroinvertebrate Study Plan. As discussed in out
May 3rd meeting, the study plan incorporates the existing methods from the studies performed by Shealy Env., as
well as the recommended multi-habitat component. Please have your comments/suggestions on the plan back to
me by Wednesday, August 2nd. I'm particularly interested in any suggestions regarding sampling locations; the
2005 sampling by Shealy sampled 4 locations, which are primarily in the upper and lower reaches of the LSR.
Thanks.

Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

<<LSR Macroinvert Study Plan (draft;07-19-2006).doc>>
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Jöbsis comments 7-20-06
Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Macroinvertebrate Assessment of the Lower Saluda River

Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee
Draft -- July 19, 2006

I. Study Objective

To assess the status of the macroinvertebrate community in the lower Saluda River (LSR) downstream of
the Saluda Hydroelectric Project dam.

II. Geographic and Temporal Scope

This study samples the macroinvertebrate fauna in the LSR from downstream of Saluda Hydroelectric
Project dam to its confluence with the Broad River. Specific sampling locations are shown in Figure 1.

Macroinvertebrate sampling will occur during late-Summer and early-Fall 2006 and 2007 when dissolved
oxygen conditions downstream of the dam are at their most critical.

III. Methodology

Field Methods
Macroinvertebrate fauna will be sampled at four locations consistent with previous investigation
in the LSR (Shealy 2005): the project tailrace (TR); the project spillway (SPW); the “lower
river” between Interstates 20 & 26 (LR); and the vicinity of the USGS gage (#01269000) near
the “old police club” (OPC) (Figure 1)1. Three replicate Hester-Dendy multi-plate samplers will
be deployed at each location and allowed to colonize for approximately eight weeks. In addition,
a multi -habitat assessment, following the USEPA Rapid Bioassessment Protocols for Use in
Streams and Wadeable Rivers (Barbour et al. 1999), will be performed at the closest wadeable
habitat to each of the Hester-Dendy deployment locations (within 200 meters, if possible).
Multihabitat sampling will involve timed, quantitative sampling of the various habitat types
available with the identified reaches (i.e. cobble, sand, snags, woody debris, etc.), using kicknets
and/or D-shaped dipnets, with each habitat type sampled in approximate proportion to its
availability.

Laboratory Methods
Intact Hester Dendy samplers, as well as raw samples from the multihabitat assessment, will be
preserved in the field with 95% ethanol and transported to a South Carolina Department of
Health and Environmental Control (SCDHEC) – approved laboratory (Shealy Environmental
Services, Inc., West Columbia, SC) for processing. In the laboratory, macroinvertebrates will be
separated from debris with the aid of a stereo microscope, identified to the lowest possible
taxonomic level, and enumerated using appropriate techniques and taxonomic keys. Specimens
will be maintained in a voucher collection for five years or placed permanently in a reference
collection.

1 Habitat is described in previous investigations at these sites (Shealy Environmental Services, Inc. 2001; 2003;
2004; 2005).

Formatted: Justified

Deleted: will attempt to characterize

Comment: Are the 06 and 07 periods
the same? Looks like they are to me.

Deleted: /

Deleted: ( late-August through early
November)

Comment: Per the below this would
actually be 3 locations for the main
channel of the Saluda since the SPW site
is not representative. This leaves a 5 plus
mile gap between the TR and LR sites. I
recommend adding at least one more
main channel site between TR and LR

Comment: I don’t understand why this
location is to be sampled unless it is to
get separate information on the spillway
channel. The spillway channel is quite
different than the main channel.

A second main channel site is warranted
to allow evaluation of longitudinal
differences in the upper river. The SPW
location is too close to the TR station for
this purpose. I think a better location for a
second downstream sampling site would
be near Corley Island, approximately 2 -3
miles below the dam. This would allow
evaluation of longitudinal differences.

Comment: It appears on the map that
LR and OPC sites are near tributary
streams. I recommend not sampling
immediately downstream of any tributary
to avoid tributary influence. If a site
MUST be near a trib due to access
limitations, it should be located upstream
by at least 200 m.

Comment: Good idea



- 2 -

Data Analysis
Differences in taxonomic composition between sampling sites will be examined using
appropriate bioassessment metrics, as described in Barbour et al. (1999). These metrics will
likely included taxa richness (diversity); EPT (Ephemeroptera, Plecoptera, Trichoptera) Index;
Chironomidae taxa and abundance; ratio of EPT and Chironomid abundance; ratio of
scraper/scraper and filtering collectors; shredder/total number of specimens collected; percent
contribution of dominant taxa; and North Carolina Biotic Index (NCBI)2. Regression analyses
may also be used to detect trends in community composition as a function of distance from the
dam.

IV. Schedule and Required Conditions

Artificial substrate (Hester Dendy) samplers will be deployed in late summer 2006 and 2007 (late August
/ Early September) and will be allowed to colonize for approximately eight weeks; multihabitat sampling
will be conducted concurrently. A final report summarizing the study findings will be issued within 90
days of completion of field work during each sampling year.

Study methodology, timing, and duration may be adjusted based on consultation with the resource
agencies and interested stakeholders. All data collected will be provided in electronic format to agencies
and interested stakeholders.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with the
SCDNR, USFWS, Wildlife and Fisheries RCG, Freshwater Mussels/Benthic Macroinvertebrate TWC,
and other relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee

Jim Glover SCDHEC (803) 898-4081 gloverjb@dhec.sc.gov
Gerrit Jobsis Am. Rivers/CCL (803)771-7114 gjobsis@americanrivers.org
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707, x303 Amanda_hill@fws.gov
Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Stephen E. Summer SCANA Services (803)217-7357 ssummer@scana.com
Jennifer Price SCDNR (803)353-8232 pricej@dnr.sc.gov

Applicant Contacts
William Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com

VII. List of Attachments

2 . Bioassessment metrics are described in greater detail in Barbour et al. (1999) and in reports summarizing
previous macroinvertebrate investigations at the LSR sites (Shealy Environmental Services, Inc. 2001; 2003; 2004;
2005).
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between HD and MH samples.
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Figure 1: Map of Benthic Macroinvertebrate Sampling Locations in the Lower Saluda River
Downstream of the Saluda Hydroelectric Project Dam
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Protection Agency; Office of Water; Washington, D.C.

Shealy Environmental Services, Inc. (Shealy) 2001. Macroinvertebrate Assessment of the Saluda
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Shealy Environmental Services, Inc. 2003. Macroinvertebrate Assessment of the Saluda River,
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Electric & Gas Company.
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Electric & Gas Company.
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Figure 1. Proposed Macroinvertebrate Sampling Locations in the Lower Saluda River Downstream of the Saluda Hydroelectric
Project Dam
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Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Macroinvertebrate Assessment of the Lower Saluda River

Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee
Draft -- July 19, 2006

I. Study Objective

To assess the status of the macroinvertebrate community in the lower Saluda River (LSR) downstream of
the Saluda Hydroelectric Project dam.

II. Geographic and Temporal Scope

This study will attempt to characterize the macroinvertebrate fauna in the LSR from downstream of
Saluda Hydroelectric Project dam to its confluence with the Broad River. Specific sampling locations are
shown in Figure 1.

Macroinvertebrate sampling will occur during late-Summer / early-Fall 2006 and 2007 (late-August
through early November) when dissolved oxygen conditions downstream of the dam are at their most
critical.

III. Methodology

Field Methods
Macroinvertebrate fauna will be sampled at four locations consistent with previous investigation
in the LSR (Shealy 2005): the project tailrace (TR); the project spillway (SPW); the “lower
river” between Interstates 20 & 26 (LR); and the vicinity of the USGS gage (#01269000) near
the “old police club” (OPC) (Figure 1)1. Three replicate Hester-Dendy multi-plate samplers will
be deployed at each location and allowed to colonize for approximately eight weeks. In addition,
a multi-habitat assessment, following the USEPA Rapid Bioassessment Protocols for Use in
Streams and Wadeable Rivers (Barbour et al. 1999), will be performed at the closest wadeable
habitat to each of the Hester-Dendy deployment locations (within 200 meters, if possible).
Multihabitat sampling will involve timed, quantitative sampling of the various habitat types
available with the identified reaches (i.e. cobble, sand, snags, woody debris, etc.), using kicknets
and/or D-shaped dipnets, with each habitat type sampled in approximate proportion to its
availability.

Laboratory Methods
Intact Hester Dendy samplers, as well as raw samples from the multihabitat assessment, will be
preserved in the field with 95% ethanol and transported to a South Carolina Department of
Health and Environmental Control (SCDHEC) – approved laboratory (Shealy Environmental
Services, Inc., West Columbia, SC) for processing. In the laboratory, macroinvertebrates will be
separated from debris with the aid of a stereo microscope, identified to the lowest possible
taxonomic level, and enumerated using appropriate techniques and taxonomic keys. Specimens

1 Habitat is described in previous investigations at these sites (Shealy Environmental Services, Inc. 2001; 2003;
2004; 2005).
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will be maintained in a voucher collection for five years or placed permanently in a reference
collection.

Data Analysis
Differences in taxonomic composition between sampling sites will be examined using
appropriate bioassessment metrics, as described in Barbour et al. (1999). These metrics will
likely included taxa richness (diversity); EPT (Ephemeroptera, Plecoptera, Trichoptera) Index;
Chironomidae taxa and abundance; ratio of EPT and Chironomid abundance; ratio of
scraper/scraper and filtering collectors; shredder/total number of specimens collected; percent
contribution of dominant taxa; and North Carolina Biotic Index (NCBI)2. Regression analyses
may also be used to detect trends in community composition as a function of distance from the
dam.

IV. Schedule and Required Conditions

Artificial substrate (Hester Dendy) samplers will be deployed in late summer 2006 and 2007 (late August
/ Early September) and will be allowed to colonize for approximately eight weeks; multihabitat sampling
will be conducted concurrently. A final report summarizing the study findings will be issued within 90
days of completion of field work during each sampling year.

Study methodology, timing, and duration may be adjusted based on consultation with the resource
agencies and interested stakeholders. All data collected will be provided in electronic format to agencies
and interested stakeholders.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with the
SCDNR, USFWS, Wildlife and Fisheries RCG, Freshwater Mussels/Benthic Macroinvertebrate TWC,
and other relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee

Jim Glover SCDHEC (803) 898-4081 gloverjb@dhec.sc.gov
Gerrit Jobsis Am. Rivers/CCL (803)771-7114 x 22 gjobsis@americanrivers.org
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707, x303 Amanda_hill@fws.gov
Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Stephen E. Summer SCANA Services (803)217-7357 ssummer@scana.com
Jennifer Price SCDNR (803)353-8232 pricej@dnr.sc.gov

Applicant Contacts
William Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com

2 . Bioassessment metrics are described in greater detail in Barbour et al. (1999) and in reports summarizing
previous macroinvertebrate investigations at the LSR sites (Shealy Environmental Services, Inc. 2001; 2003; 2004;
2005).
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VII. List of Attachments

Figure 1: Map of Benthic Macroinvertebrate Sampling Locations in the Lower Saluda River
Downstream of the Saluda Hydroelectric Project Dam

VIII. List of References

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates and Fish, Second Edition. EPA 841-B-99-002. U.S. Environmental
Protection Agency; Office of Water; Washington, D.C.

Shealy Environmental Services, Inc. (Shealy) 2001. Macroinvertebrate Assessment of the Saluda
River, Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina
Electric and Gas Company, Lexington County, South Carolina. Report prepared for South
Carolina Electric & Gas Company.

Shealy Environmental Services, Inc. 2003. Macroinvertebrate Assessment of the Saluda River,
Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina Electric
and Gas Company, Lexington County, South Carolina. Report prepared for South Carolina
Electric & Gas Company.

Shealy Environmental Services, Inc. 2004. Macroinvertebrate Assessment of the Saluda River,
Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina Electric
and Gas Company, Lexington County, South Carolina. Report prepared for South Carolina
Electric & Gas Company.

Shealy Environmental Services, Inc. 2005. Macroinvertebrate Assessment of the Saluda River,
Downstream of the Lake Murray Hydroelectric Dam Operated by South Carolina Electric
and Gas Company, Lexington County, South Carolina. Report prepared for South Carolina
Electric & Gas Company.



1) Develope an entrainment database that can be applied to the Saluda Hydro Project
2) Calculate and estimate fish entrainment rate(s) (seasonal if possible)
3) Characterize the species composition and length frequency of fish entrainment
4) Apply any physical or biological filters that may affect entrainment
5) Estimate total annual entrainment for the Saluda Hydro Project

These inputs will be developed as described in the following sections.

Development of Entrainment Database

Over seventy site-specific studies of resident fish entrainment at hydroelectric sites in the
United States have been reported to date which provide order-of-magnitude estimates of
annual fish entrainment (FERC, 1995). Descriptive information will be gathered from
each entrainment study and will include:

1) Location: geographical proximity (preference given to same river basin)
2) Project size: discharge capacity and power production
3) Mode of operation - e.g., peaking, run-of-river etc.
4) Biological factors: fish species composition
5) Impoundment characteristics: general water quality, impoundment size, flow

regime
6) Physical project characteristics: trash rack spacing, intake velocity, etc.

This information will be assembled into a “matrix” of data to be used as a database for
the Saluda Hydro Project entrainment desktop study. After review and discussion, the
Technical Working Committee (TWC) will select specific studies from this “matrix” that
are most applicable to the Saluda Hydro Project. Several key criteria to be used in
acceptance of candidate studies will be:

1) Similar geographical location, with preference given to projects located on
the same river basin

2) Similar station hydraulic capacity
3) Similar station operation (peaking, pulsing, run-of-river, etc.)
4) Biological similarities: fish species, assemblage and water quality
5) Availability of entrainment netting data

Fish Entrainment Rate

The entrainment rate information from the accepted studies will be consolidated to show
fish entrainment rates on a monthly basis (when available). Preference will be given to
netting entrainment rates over hydroacoustic entrainment rates. The entrainment rates
will be presented in fish entrained per hour of operation and fish per volume of water
passed through project turbines (fish/million cubic feet). The data will be grouped by
season, where appropriate, to determine an entrainment density for each season of the



year. The seasonal data from each entrainment study will be averaged to develop a
seasonal mean entrainment estimate at the Saluda Hydro Project.

Species Composition and Length Frequency Analysis

Species composition data from the accepted entertainment studies will be analyzed and
compiled to determine the general species and sizes of fish typically entrained at other
hydroelectric projects. This information will be grouped to yield predicted seasonal
estimates of species-specific length frequency data for entrained fish to determine:

1. A list of potentially entrained fish species
2. Expected relative abundance and size distribution of each species

identified as potentially entrained
3. Prediction of seasonality of potentially entrained fish species.

Estimation of Annual Fish Entrainment

Total fish entrainment for the Saluda Hydro Project will be estimated on an annual basis
to provide an order of-magnitude entrainment estimate. The total fish entrainment
estimate will be produced for a typical water and operating year.

Turbine Mortality

As fish move through hydroelectric turbines, a percentage are killed due to turbine
mortality (i.e. blade strikes, shear forces, and pressure changes, etc.). Turbine passage
survival studies have been performed at numerous hydroelectric projects throughout the
country. Characteristics of these projects will be compared to the characteristics of the
Saluda Hydro Project and suitable studies will be selected for the transfer of turbine
mortality data for each development. Selected turbine survival rate data will be obtained
from the literature and used to estimate the number of fish killed due to turbine mortality.
The following turbine characteristics are recommended as general criteria in accepting
turbine mortality studies for use in this analysis:

1) design type
2) operating head
3) runner speed
4) diameter, and peripheral runner velocity

These characteristics are commonly attributed to turbine passage mortality (Cramer and
Oligher, 1963; Bell, 1991; Eicher, 1987; EPRI, 1992).

To the extent possible, turbine mortality rate data available from source studies will be
related to the species-family group and size class of fish estimated to be entrained at the
Lake Murray Project. Where multiple tests are available for a given species-family
group/size class, a mean survival rate will be computed. For species-family groups/size



classes where no applicable data can be found or accepted, the survival rate reported for a
similar group/size class will be substituted.

Once turbine mortality rates are developed from the study database, the rates will be
applied to the entrainment estimates for each development. This will be accomplished by
multiplying fish entrainment estimates by the composite mortality rates for each
family/genus group and size class (where applicable).

Entrainment Filters

Due to certain site-specific characteristics of Lake Murray, it may be necessary to adjust
entrainment estimates. Factors affecting entrainment rates that may warrant
investigation for adjustment of estimates include:

1) stratification at the intakes (dissolved oxygen);
2) intake velocities;
3) fish habitat available at the intakes, and/or
4) other site specific factors.

IV. Schedule and Required Conditions

In an attempt to reach consensus during the entrainment desktop study, each step of the
process will be discussed with TWC members. Comments from the TWC will be
addressed during each phase of the analysis. Upon completion of the study, a draft report
will be prepared and distributed to state and federal resource agencies for review and
comment. The Draft report will summarize the results obtained in the study; will contain
appropriate tables and figures depicting estimated fish entrainment; and will contain all
supporting correspondence among the TWC members. After receipt of all comments, the
draft report will be revised to address final comments by all TWC members and will be
resubmitted as the Final Report.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing
issues with the SCDNR, USFWS, Fish Entrainment TWC, and other relicensing
stakeholders.



VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Fish Entrainment Technical Working Committee

Tom Bowles SCE&G (803)217-9615 tbowles@scana.com
Alan Stuart Kleinschmidt (803)822-3177 Alan.stuart@kleinschmidtusa.com
Hal Beard SCDNR (803)955-0462 BeardH@dnr.sc.gov
Wade Bales SCDNR (803)734-3932 balesw@dnr.sc.gov
Amanda Hill USFWS (843)727-4707,

x303
Amanda_hill@fws.gov

Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Applicant Contacts

Stephen E.
Summer

SCANA Services (803)217-7357 ssummer@scana.com

William
Argentieri

SCE&G (803)217-9162 bargentieri@scana.com

Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com
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Kacie Jensen

From: Shane Boring
Sent: Wednesday, July 19, 2006 5:06 PM
To: Steve Summer; Amanda Hill; Bill Argentieri; Gerrit Jobsis (American Rivers); Jennifer Price ;

Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle; Shane Boring
Subject: Saluda Hydro Relicense: Draft Macroinvertebrate Study Plan for the Lower Saluda River

Hello Folks:

Attached for your review is the first cut at the Lower Saluda Macroinvertebrate Study Plan. As discussed in out May 3rd
meeting, the study plan incorporates the existing methods from the studies performed by Shealy Env., as well as the
recommended multi-habitat component. Please have your comments/suggestions on the plan back to me by Wednesday,
August 2nd. I'm particularly interested in any suggestions regarding sampling locations; the 2005 sampling by Shealy
sampled 4 locations, which are primarily in the upper and lower reaches of the LSR. Thanks.

Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

LSR Macroinvert
Study Plan (dr...
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Kacie Jensen

From: Shane Boring
Sent: Friday, May 26, 2006 5:13 PM
To: Wade Bales (balesw@dnr.sc.gov); Alan Stuart; Alison Guth; Amanda Hill;

BARGENTIERI@scana.com; Bill East; Bill Hulslander; Bill Marshall; Bob Perry ; Bob Seibels
(bseibels@yahoo.com); Charlene Coleman; Daniel Tufford; Dick Christie; Ed Diebold; George
Duke; Gerrit Jobsis (American Rivers); Gina Kirkland; Hal Beard; Jeff Duncan; Jennifer
O'Rourke; Jennifer Summerlin; Jim Glover; Jim Goller; Joe Logan; Joy Downs; Larry Turner
(turnerle@dhec.sc.gov); Laura Boos (laura.mccary@gmail.com); Malcolm Leaphart; Mark
Leao; Mike Sloan; Norman Ferris; Patrick Moore; Prescott Brownell; Ralph Crafton;
RMAHAN@scana.com; Reed Bull (rbull@davisfloyd.com); Robert Lavisky; Ron Ahle; Sam
Drake; Scott Harder; Shane Boring; Steve Bell; Steve Leach; Steve Summer; Suzanne
Rhodes; Tom Bowles (tbowles@scana.com)

Cc: Cheryl Balitz
Subject: Saluda Hydro: Mussel Recon Survey Study Plan

Mussel Recon
Survey Study Plan...

Hello All:

Attached for your records is the final study plan for the mussel surveys that will be
conducted by John Alderman in Lake Murray and the Lower Saluda and Congaree River. As
requested, John has provided clarification regarding several aspects of the survey.
Thanks and please let me know if there are additional comments or if you have questions.
Have a great weekend!

Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Cheryl: Please post to the website under the Fish and Wildlife RCG. Thanks.

Mussel Recon Survey Study Plan _final;05-25-2006_.pdf
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Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower Saluda
and Congaree River, Lake Murray, and Selected Tributaries

Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee
May 25, 2006

I. Study Objective

The study objective will be to determine whether freshwater mussels occur in the Saluda Hydroelectric
Project vicinity, and if so, provide a qualitative measure of species diversity, spatial distribution, and
abundance.

II. Geographic and Temporal Scope

Qualitative mussel surveys will focus on Lake Murray and selected major and minor tributaries (including
the Saluda and Little Saluda rivers at the reservoir headwaters); the LSR from downstream of Saluda
Hydro Dam to its confluence with the Broad River; and the Congaree River from its origin at the
confluence of the Saluda and Broad rivers to approximately the I-77 bridge.

The study will be conducted during Spring 2006 (late May through early June).

III. Methodology

Qualitative surveys to determine the presence of freshwater mussels will be conducted at suitable
habitat sites downstream of Saluda Hydro Dam in the Lower Saluda and Congaree rivers (see
Section II above for geographic scope), as well as above Saluda Dam in Lake Murray and
selected tributaries. Surveys in Lake Murray will focus on tributary mouths and associated coves
that have been identified through prior surveys as providing potential habitat for Savannah
lilliput (Toxolasma pullus), a high priority federal species of concern with few remaining extant
populations in GA, SC, and NC (J. Alderman, pers. comm.). These tributaries include: Beaver
Dam Creek, Bush River, Big Creek, Buffalo Creek, Camping Creek, Bear Creek, Little Hollow
Creek, Hollow Creek, Clouds Creek, Little Saluda River, Indian Creek, and Saluda River (Figure
1). Surveys at reservoir tributary sites will range in duration from 10 minutes to 2 hours,
depending on available habitat, and will extend into lotic (free-flowing) tributary reaches where
suitable habitat exists (estimated 4 total survey days). Additional reservoir habitat may be
surveyed opportunistically as survey crews move between the tributary sites. The survey area
for the Lower Saluda and Congaree rivers will encompass all river reaches within the study area
indicated in Section II (estimated 6 total survey days).

All surveys will be led by John Alderman of Alderman Environmental Services, Inc. (Pittsboro,
NC), with assistance from Kleinschmidt and/or SCE&G staff. Surveys will conducted from a
canoe, boat, or by wading, and will utilize mask and snorkel, tactile, visual, and/or SCUBA
methods to search for mussels. At each survey site, potential mussel habitat will be identified,
photographed, and Geographic Information System (GPS) coordinates recorded. When found,
mussels will be identified to species, length measured (sample measured when high abundances
present), and a catch-per-unit-effort determined. All live mussels will be returned to the
collection site.
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IV. Schedule and Required Conditions

Surveys will begin in late May/early June 2006 and will take a maximum of two weeks to complete.
Study methodology, timing, and duration may be adjusted based on consultation with the resource
agencies and interested stakeholders. A final report summarizing the study findings will be issued within
90 days of completion. All data collected will be provided in electronic format to agencies and interested
stakeholders.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with the
SCDNR, USFWS, Wildlife and Fisheries RCG, Freshwater Mussels/Benthic Macroinvertebrate TWC,
and other relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Water Quality Technical Working Committee

Jim Glover SCDHEC (803) 898-4081 gloverjb@dhec.sc.gov
Gerrit Jobsis Am. Rivers/CCL (803)771-7114 x 22 gjobsis@americanrivers.org
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707, x303 Amanda_hill@fws.gov
Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Stephen E. Summer SCANA Services (803)217-7357 ssummer@scana.com
Jennifer Price SCDNR (803)353-8232 pricej@dnr.sc.gov

Applicant Contacts
William Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com

VII. List of Attachments

Figure 1: Map of Lake Murray Mussel Sampling Sites
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1) Develope an entrainment database that can be applied to the Saluda Hydro Project
2) Calculate and estimate fish entrainment rate(s) (seasonal if possible)
3) Characterize the species composition and length frequency of fish entrainment
4) Apply any physical or biological filters that may affect entrainment
5) Estimate total annual entrainment for the Saluda Hydro Project

These inputs will be developed as described in the following sections.

Development of Entrainment Database

Over seventy site-specific studies of resident fish entrainment at hydroelectric sites in the
United States have been reported to date which provide order-of-magnitude estimates of
annual fish entrainment (FERC, 1995). Descriptive information will be gathered from
each entrainment study and will include:

1) Location: geographical proximity (preference given to same river basin)
2) Project size: discharge capacity and power production
3) Mode of operation - e.g., peaking, run-of-river etc.
4) Biological factors: fish species composition
5) Impoundment characteristics: general water quality, impoundment size, flow

regime
6) Physical project characteristics: trash rack spacing, intake velocity, etc.

This information will be assembled into a “matrix” of data to be used as a database for
the Saluda Hydro Project entrainment desktop study. After review and discussion, the
Technical Working Committee (TWC) will select specific studies from this “matrix” that
are most applicable to the Saluda Hydro Project. Several key criteria to be used in
acceptance of candidate studies will be:

1) Similar geographical location, with preference given to projects located on
the same river basin

2) Similar station hydraulic capacity
3) Similar station operation (peaking, pulsing, run-of-river, etc.)
4) Biological similarities: fish species, assemblage and water quality
5) Availability of entrainment netting data

Fish Entrainment Rate

The entrainment rate information from the accepted studies will be consolidated to show
fish entrainment rates on a monthly basis (when available). Preference will be given to
netting entrainment rates over hydroacoustic entrainment rates. The entrainment rates
will be presented in fish entrained per hour of operation and fish per volume of water
passed through project turbines (fish/million cubic feet). The data will be grouped by
season, where appropriate, to determine an entrainment density for each season of the



year. The seasonal data from each entrainment study will be averaged to develop a
seasonal mean entrainment estimate at the Saluda Hydro Project.

Species Composition and Length Frequency Analysis

Species composition data from the accepted entertainment studies will be analyzed and
compiled to determine the general species and sizes of fish typically entrained at other
hydroelectric projects. This information will be grouped to yield predicted seasonal
estimates of species-specific length frequency data for entrained fish to determine:

1. A list of potentially entrained fish species
2. Expected relative abundance and size distribution of each species

identified as potentially entrained
3. Prediction of seasonality of potentially entrained fish species.

Estimation of Annual Fish Entrainment

Total fish entrainment for the Saluda Hydro Project will be estimated on an annual basis
to provide an order of-magnitude entrainment estimate. The total fish entrainment
estimate will be produced for a typical water and operating year.

Turbine Mortality

As fish move through hydroelectric turbines, a percentage are killed due to turbine
mortality (i.e. blade strikes, shear forces, and pressure changes, etc.). Turbine passage
survival studies have been performed at numerous hydroelectric projects throughout the
country. Characteristics of these projects will be compared to the characteristics of the
Saluda Hydro Project and suitable studies will be selected for the transfer of turbine
mortality data for each development. Selected turbine survival rate data will be obtained
from the literature and used to estimate the number of fish killed due to turbine mortality.
The following turbine characteristics are recommended as general criteria in accepting
turbine mortality studies for use in this analysis:

1) design type
2) operating head
3) runner speed
4) diameter, and peripheral runner velocity

These characteristics are commonly attributed to turbine passage mortality (Cramer and
Oligher, 1963; Bell, 1991; Eicher, 1987; EPRI, 1992).

To the extent possible, turbine mortality rate data available from source studies will be
related to the species-family group and size class of fish estimated to be entrained at the
Lake Murray Project. Where multiple tests are available for a given species-family
group/size class, a mean survival rate will be computed. For species-family groups/size



classes where no applicable data can be found or accepted, the survival rate reported for a
similar group/size class will be substituted.

Once turbine mortality rates are developed from the study database, the rates will be
applied to the entrainment estimates for each development. This will be accomplished by
multiplying fish entrainment estimates by the composite mortality rates for each
family/genus group and size class (where applicable).

Entrainment Filters

Due to certain site-specific characteristics of Lake Murray, it may be necessary to adjust
entrainment estimates. Factors affecting entrainment rates that may warrant
investigation for adjustment of estimates include:

1) stratification at the intakes (dissolved oxygen);
2) intake velocities;
3) fish habitat available at the intakes, and/or
4) other site specific factors.

IV. Schedule and Required Conditions

In an attempt to reach consensus during the entrainment desktop study, each step of the
process will be discussed with TWC members. Comments from the TWC will be
addressed during each phase of the analysis. Upon completion of the study, a draft report
will be prepared and distributed to state and federal resource agencies for review and
comment. The Draft report will summarize the results obtained in the study; will contain
appropriate tables and figures depicting estimated fish entrainment; and will contain all
supporting correspondence among the TWC members. After receipt of all comments, the
draft report will be revised to address final comments by all TWC members and will be
resubmitted as the Final Report.

V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing
issues with the SCDNR, USFWS, Fish Entrainment TWC, and other relicensing
stakeholders.



VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Fish Entrainment Technical Working Committee

Tom Bowles SCE&G (803)217-9615 tbowles@scana.com
Alan Stuart Kleinschmidt (803)822-3177 Alan.stuart@kleinschmidtusa.com
Hal Beard SCDNR (803)955-0462 BeardH@dnr.sc.gov
Wade Bales SCDNR (803)734-3932 balesw@dnr.sc.gov
Amanda Hill USFWS (843)727-4707,

x303
Amanda_hill@fws.gov

Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Applicant Contacts

Stephen E.
Summer

SCANA Services (803)217-7357 ssummer@scana.com

William
Argentieri

SCE&G (803)217-9162 bargentieri@scana.com

Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com
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Kacie Jensen

From: Shane Boring
Sent: Wednesday, April 26, 2006 3:16 PM
To: 'Gerrit Jobsis'
Subject: RE: (Saluda Hydro) Mussel Recon Survey Study Plan (draft;04192006) alderman

comments.doc

Alderman proposal
060411.doc (...

Gerrit:

I forgot to attach Alderman's proposal to my previous e-mail.

Shane

-----Original Message-----
From: Gerrit Jobsis [mailto:gjobsis@americanrivers.org]
Sent: Wednesday, April 26, 2006 1:13 PM
To: Shane Boring; Steve Summer; Amanda Hill; Bill Argentieri; Jennifer Price; Jim Glover;
Randy Mahan; Ron Ahle
Cc: Jennifer Summerlin
Subject: RE: (Saluda Hydro) Mussel Recon Survey Study Plan (draft;04192006) alderman
comments.doc

Shane,

This is a very general study plan without much detail.

I agree with the geographic area. I count 13 Lake Murray tributaries plus the lower
Saluda and the Congaree rivers.

I agree with the temporal scope (late May - early June) for an initial effort. Based on
the results, additional survey work may be needed in fall 2005 or perhaps a repeat of the
survey in 2007.

I am concerned there may be future disagreement as to the adequacy of effort if more
detail is not provided. How much time will be expended at each site? How far upstream
will the surveys extend at the headwater tribs? To include unimpounded reaches? How will
the Lake Murray shoreline be surveyed with the current 6 to 7 foot drawdown?

Also we have about 10 miles of the lower Saluda and 10 miles of the Congaree below the
dam. How much effort will be expended at each of these rivers? What habitats will be
surveyed? These things need detail before the study begins. A map of proposed study sites
is also needed.

You asked for a quick turnaround, so I have provided one. Due to our move and other
workload I have not been able to discuss this with other stakeholder and agencies. I am
especially interested in the opinion of the DNR and USFWS re the plan.

Gerrit

We have moved! Please see our new address below.

<:>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><

Gerrit Jöbsis

American Rivers * Southeast Office



2

2231 Devine Street, Suite 100 * Columbia, S.C. 29205

Telephone (803) 771-7114 * Fax (803) 771-7580

gjobsis@americanrivers.org

-----Original Message-----
From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com]
Sent: Monday, April 24, 2006 9:49 AM
To: Steve Summer; Amanda Hill; Bill Argentieri; Gerrit Jobsis; Jennifer Price; Jim Glover;
Randy Mahan; Ron Ahle; Shane Boring
Cc: Jennifer Summerlin
Subject: (Saluda Hydro) Mussel Recon Survey Study Plan (draft;04192006) alderman
comments.doc

Dear Freshwater Mussels/Benthic Macroinvertebrate TWC Member:

Attached for your review is the draft study plan for the freshwater mussel reconnaissance
survey on Lake Murray and the Lower Saluda and Congaree Rivers. The draft has been
reviewed by John Alderman, and his comments have been incorporated. We have tried to keep
the study plan as brief as possible to facilitate a quick review, as John would like to
get this study started ASAP while the rivers and Lake are still low and clear. We will
discuss the study plan and hopefully get final approval from the TWC at next week's
meeting (May 3 at Research Park). Thanks in advance for your input.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Mussel Recon Survey Study Plan (draft;04192006) alderman comments.doc <<Mussel Recon
Survey Study Plan (draft;04192006) alderman comments.doc>>



MAILING ADDRESS: TELEPHONE: 919-542-5331 (O)
244 Red Gate Road 919-444-9576 (M)
Pittsboro, NC 27312 EMAIL: aldermjm@mindspring.com

Alderman Environmental Services, Inc.

April 11, 2006

Mr. C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite 21A
West Columbia, SC 29170

Dear Mr. Boring:

Alderman Environmental Services, Inc. proposes to complete a reconnaissance level
mussel survey of the following waterbodies:

Lake Murray – 2 survey days with boat(s) and technician(s) provided by Kleinschmidt
Associates

Select Lake Murray tributaries and Saluda River (downriver from L. Murray) – 5 days of
surveys completed on the following streams: Saluda River (upriver and downriver from
L. Murray), Beaver Dam Cr., Bush R., Big Cr., Buffalo Cr., Camping Cr., Bear Cr., Little
Hollow Cr., Hollow Cr., Clouds Cr., L. Saluda R., Big Cr., and Indian Creek. Some
streams may provide very poor quality mussel habitat; therefore, survey time will be
limited on such streams.

My hourly rate is $130 per hour. My assistant’s rate is $50 per hour. Mileage charge is
$0.445 per mile. Meals will be charged at $35 per day. Motel charge will be a maximum
of $75 plus tax per day. Two days will be required to prepare the report at my hourly
rate.

Sincerely,

John M. Alderman, President
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Kacie Jensen

From: James Glover [GLOVERJB@dhec.sc.gov]
Sent: Wednesday, April 26, 2006 2:02 PM
To: Jennifer Summerlin
Subject: Re: Saluda Relicensing:SCDHEC Report/Data

Lower Saluda
Tributaries.xls (...

Jennifer,

Find attached in the form of an Excel Spreadsheet macroinvertebrate data from Tributaries
of the Lower Saluda River collected by the SCDHEC. I will attempt to located the 1986
SCDHEC report from the LSR.

Please let me know if you have any questions.

Jim

James B. Glover, Ph.D.
South Carolina Department of Health and Environmental Control Aquatic Biology Section 2600
Bull Street Columbia SC 29201
Phone- 803-898-4081
Fax- 803-898-4200
E-Mail- GloverJB@DHEC.SC.Gov

>>> Jennifer Summerlin <Jennifer.Summerlin@KleinschmidtUSA.com>
>>> 4/11/2006 2:41 PM >>>
Jim,
Shane Boring asked me to follow up on the action items that were discussed in the March
8th Freshwater Mussel/Benthic Macroinvertebrate TWC meeting notes. You mentioned that you
could provide: 1. Raw data on tributaries that were sampled along the LSR by DHEC 2. 1986
SCDHEC macroinvertebrate report for LSR When you get a chance, could you send this
information to me? Thanks for your continued interest in the Saluda relicensing process.

Jennifer Summerlin
Scientist Technician
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183



PHYLUM CLASS ORDER FAMILY TAXA S-052
7/1/1997

Annelida Hirudinea NA NA Hirudinea
Annelida Hirudinea Rhynchobdellida Glossiphoniidae Placobdella sp.
Annelida Hirudinea Rhynchobdellida Glossiphoniidae Placobdella papillata
Annelida Oligochaeta Lumbriculida Lumbriculidae Lumbriculidae 1
Annelida Oligochaeta NA NA Oligochaeta 2
Arthropoda Crustacea Amphipoda Gammaridae Crangonyx serratus 6
Arthropoda Crustacea Decapoda Cambaridae Cambaridae
Arthropoda Crustacea Decapoda Cambaridae Procambarus sp.
Arthropoda Hexapoda Coleoptera Dytiscidae Coptotomus sp.
Arthropoda Hexapoda Coleoptera Elmidae Ancyronyx variegatus 7
Arthropoda Hexapoda Coleoptera Elmidae Dubiraphia sp.
Arthropoda Hexapoda Coleoptera Elmidae Dubiraphia vittatata 1
Arthropoda Hexapoda Coleoptera Elmidae Macronychus glabratus 36
Arthropoda Hexapoda Coleoptera Elmidae Microcylloepus pusillus 24
Arthropoda Hexapoda Coleoptera Elmidae Stenelmis sp. 3
Arthropoda Hexapoda Coleoptera Gyrinidae Dineutus sp. 1
Arthropoda Hexapoda Coleoptera Haliplidae Peltodytes sp.
Arthropoda Hexapoda Coleoptera Hydrophilidae Berosus sp.
Arthropoda Hexapoda Diptera Chironomidae Ablabesmyia mallochi
Arthropoda Hexapoda Diptera Chironomidae Brillia sp.
Arthropoda Hexapoda Diptera Chironomidae Chironomus sp.
Arthropoda Hexapoda Diptera Chironomidae Conchapelopia Group
Arthropoda Hexapoda Diptera Chironomidae Corynoneura sp.
Arthropoda Hexapoda Diptera Chironomidae Cricotopus/Orthocladius
Arthropoda Hexapoda Diptera Chironomidae Cryptochironomus sp.
Arthropoda Hexapoda Diptera Chironomidae Cryptotendipes sp.
Arthropoda Hexapoda Diptera Chironomidae Dicrotendipes sp.
Arthropoda Hexapoda Diptera Chironomidae Labrundinia sp.
Arthropoda Hexapoda Diptera Chironomidae Micropsectra sp.
Arthropoda Hexapoda Diptera Chironomidae Nanocladius sp.
Arthropoda Hexapoda Diptera Chironomidae Natarsia sp.
Arthropoda Hexapoda Diptera Chironomidae Omisus pica
Arthropoda Hexapoda Diptera Chironomidae Parachironomus sp.
Arthropoda Hexapoda Diptera Chironomidae Paratanytarsus sp.
Arthropoda Hexapoda Diptera Chironomidae Paratendipes sp.
Arthropoda Hexapoda Diptera Chironomidae Pentaneura sp. 1
Arthropoda Hexapoda Diptera Chironomidae Phaenopsectra sp.
Arthropoda Hexapoda Diptera Chironomidae Polypedilum aviceps
Arthropoda Hexapoda Diptera Chironomidae Polypedilum convictum 1
Arthropoda Hexapoda Diptera Chironomidae Polypedilum fallax
Arthropoda Hexapoda Diptera Chironomidae Polypedilum halterale
Arthropoda Hexapoda Diptera Chironomidae Polypedilum illinoense
Arthropoda Hexapoda Diptera Chironomidae Polypedilum scalaenum
Arthropoda Hexapoda Diptera Chironomidae Procladius sp.
Arthropoda Hexapoda Diptera Chironomidae Rheocricotopus robacki
Arthropoda Hexapoda Diptera Chironomidae Rheotanytarsus sp.
Arthropoda Hexapoda Diptera Chironomidae Stenochironomus sp.
Arthropoda Hexapoda Diptera Chironomidae Synorthocladius sp.
Arthropoda Hexapoda Diptera Chironomidae Tanytarsus sp.
Arthropoda Hexapoda Diptera Chironomidae Thienemaniella sp.



Arthropoda Hexapoda Diptera Chironomidae Thienemannimyia GR 1
Arthropoda Hexapoda Diptera Chironomidae Tribelos jucundus
Arthropoda Hexapoda Diptera Chironomidae Tribelos sp.
Arthropoda Hexapoda Diptera Chironomidae Xenochironomus sp.
Arthropoda Hexapoda Diptera Simuliidae Simulium sp. 2
Arthropoda Hexapoda Diptera Tipulidae Hexatoma sp.
Arthropoda Hexapoda Diptera Tipulidae Tipula sp.
Arthropoda Hexapoda Ephemeroptera Baetidae Baetis flavistriga
Arthropoda Hexapoda Ephemeroptera Baetidae Baetis intercalaris 10
Arthropoda Hexapoda Ephemeroptera Baetidae Baetis pluto
Arthropoda Hexapoda Ephemeroptera Baetidae Labiobaetis propinquus 17
Arthropoda Hexapoda Ephemeroptera Caenidae Caenis diminuta
Arthropoda Hexapoda Ephemeroptera Caenidae Caenis sp.
Arthropoda Hexapoda Ephemeroptera Caenidae Caenis hilaris
Arthropoda Hexapoda Ephemeroptera Caenidae Caenis diminuta/punctata
Arthropoda Hexapoda Ephemeroptera Heptagenidae Stenonema modestum 6
Arthropoda Hexapoda Ephemeroptera Isonychiadea Isonychia sp. 2
Arthropoda Hexapoda Ephemeroptera Tricorythidae Tricorythodes sp. 14
Arthropoda Hexapoda Megaloptera Corydalidae Corydalus cornutus 2
Arthropoda Hexapoda Megaloptera Corydalidae Nigronia serricornis 1
Arthropoda Hexapoda Neuroptera Sisyridae Climacia areolaris
Arthropoda Hexapoda Odonata Aeshnidae Basiaeschna janata
Arthropoda Hexapoda Odonata Aeshnidae Boyeria vinosa 18
Arthropoda Hexapoda Odonata Calopterygidae Calopterygidae 2
Arthropoda Hexapoda Odonata Calopterygidae Calopteryx sp.
Arthropoda Hexapoda Odonata Calopterygidae Hetaerina tittia 1
Arthropoda Hexapoda Odonata Coenagrionidae Argia sp. 5
Arthropoda Hexapoda Odonata Coenagrionidae Coenagrionidae
Arthropoda Hexapoda Odonata Coenagrionidae Enallagma sp. 2
Arthropoda Hexapoda Odonata Coenagrionidae Ischnura sp.
Arthropoda Hexapoda Odonata Coenagrionidae Ischnura/Anomalagrion
Arthropoda Hexapoda Odonata Corduliidae Neurocordulia sp. 4
Arthropoda Hexapoda Odonata Corduliidae Tetragoneuria sp.
Arthropoda Hexapoda Odonata Gomphidae Gomphus sp. 3
Arthropoda Hexapoda Odonata Gomphidae Hagenius brevistylus
Arthropoda Hexapoda Odonata Gomphidae Progomphus sp.
Arthropoda Hexapoda Odonata Libellulidae Libellulidae
Arthropoda Hexapoda Odonata Macromiidae Macromia sp. 2
Arthropoda Hexapoda Trichoptera Hydropsychidae Cheumatopsyche sp. 29
Arthropoda Hexapoda Trichoptera Hydropsychidae Hydropsyche betteni 1
Arthropoda Hexapoda Trichoptera Hydropsychidae Hydropsyche venularis 31
Arthropoda Hexapoda Trichoptera Leptoceridae Nectopsyche exquisita 7
Arthropoda Hexapoda Trichoptera Leptoceridae Oecetis persimillis 9
Arthropoda Hexapoda Trichoptera Leptoceridae Triaenodes ignitus 20
Mollusca Gastropoda Basommatophora Physidae Physella sp.
Mollusca Gastropoda Basommatophora Planorbidae Helisoma anceps
Mollusca Pelecypoda Heterodonta Corbiculidae Corbicula fluminea
Mollusca Pelecypoda Heterodonta Sphaeriidae Sphaeriidae

Count- 272
Taxa Richness- 33

EPT- 11



Biotic Index- 5.18
EPT Score- 2.0

Biotic Index Score- 5.0
Combined Score- 3.3
Bioclassification- Good-Fair

Aquatic Life Use Designation*- PS
*PS=Partially Supporting

*NS=Not Supporting
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Kacie Jensen

From: Shane Boring
Sent: Monday, April 24, 2006 9:49 AM
To: Steve Summer; Amanda Hill; BARGENTIERI@scana.com; Gerrit Jobsis (American Rivers);

Jennifer Price ; Jim Glover; RMAHAN@scana.com; Ron Ahle; Shane Boring
Cc: Jennifer Summerlin
Subject: (Saluda Hydro) Mussel Recon Survey Study Plan (draft;04192006) alderman comments.doc

Mussel Recon
Survey Study Plan...

ear Freshwater Mussels/Benthic Macroinvertebrate TWC Member:

Attached for your review is the draft study plan for the freshwater mussel reconnaissance
survey on Lake Murray and the Lower Saluda and Congaree Rivers. The draft has been
reviewed by John Alderman, and his comments have been incorporated. We have tried to keep
the study plan as brief as possible to facilitate a quick review, as John would like to
get this study started ASAP while the rivers and Lake are still low and clear. We will
discuss the study plan and hopefully get final approval from the TWC at next week's
meeting (May 3 at Research Park). Thanks in advance for your input.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Mussel Recon Survey Study Plan (draft;04192006) alderman comments.doc
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Saluda Hydroelectric Project (FERC No. 516)

Study Plan: Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower Saluda
and Congaree River, Lake Murray, and Selected Tributaries

Freshwater Mussels/Benthic Macroinvertebrate Technical Working Committee
Draft – April 19, 2006

I. Study Objective

The study objective will be to determine whether freshwater mussels occur in the Saluda Hydroelectric
Project vicinity, and if so, provide a qualitative measure of species diversity, spatial distribution, and
abundance.

II. Geographic and Temporal Scope

Qualitative mussel surveys will focus on Lake Murray and selected major and minor tributaries (including
the Saluda and Little Saluda rivers at the reservoir headwaters); the LSR from downstream of Saluda
Hydro Dam to its confluence with the Broad River; and the Congaree River from its origin at the
confluence of the Saluda and Broad rivers to approximately the I-77 bridge.

The study will be conducted during Spring 2006 (May through early June).

III. Methodology

Qualitative surveys to determine the presence of freshwater mussels will be conducted at suitable habitat
sites in the Lower Saluda and Congaree rivers (see Section II above for geographic scope), as well as
above Saluda Dam in Lake Murray and in the following Lake Murray tributaries: Beaver Dam Creek,
Bush River, Big Creek, Buffalo Creek, Camping Creek, Bear Creek, Little Hollow Creek,
Hollow Creek, Clouds Creek, Big Creek, Little Saluda River, Indian Creek, and Saluda River (7-
8 total survey days).

All surveys will be led by John Alderman of Alderman Environmental Services, Inc. (Pittsboro,
NC), with assistance from Kleinschmidt and/or SCE&G staff. Surveys will conducted from a
canoe, boat, or by wading, and will utilize mask and snorkel, tactile, visual, and/or SCUBA
methods to search for mussels. At each survey site, potential mussel habitat will be identified,
photographed, and Geographic Information System (GPS) coordinates recorded. When found,
mussels will be identified to species, length measured (sample measured when high abundances
present), and a catch-per-unit-effort determined. All live mussels will be returned to the
collection site.

IV. Schedule and Required Conditions

Surveys will begin in May 2006 and will take a maximum of two weeks to complete. Study
methodology, timing, and duration may be adjusted based on consultation with the resource agencies and
interested stakeholders. A final report summarizing the study findings will be issued within 90 days of
completion. All data collected will be provided in electronic format to agencies and interested
stakeholders.
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V. Use of Study Results

Study results will be used as an information resource during discussion of relicensing issues with the
SCDNR, USFWS, Wildlife and Fisheries RCG, Freshwater Mussels/Benthic Macroinvertebrate TWC,
and other relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Water Quality Technical Working Committee

Jim Glover SCDHEC (803) 898-4081 gloverjb@dhec.sc.gov
Gerrit Jobsis Am. Rivers/CCL (803)771-7114 x 22 gjobsis@americanrivers.org
Ron Ahle SCDNR (803)734-2728 ahler@dnr.sc.gov
Amanda Hill USFWS (843)727-4707, x303 Amanda_hill@fws.gov
Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com
Stephen E. Summer SCANA Services (803)217-7357 ssummer@scana.com
Jennifer Price SCDNR (803)353-8232 pricej@dnr.sc.gov

Applicant Contacts
William Argentieri SCE&G (803)217-9162 bargentieri@scana.com
Randy Mahan SCANA Services (803)217-9538 rmahan@scana.com
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Kacie Jensen

From: Jennifer Summerlin
Sent: Monday, April 17, 2006 5:06 PM
To: 'Wade Bales (balesw@dnr.sc.gov)'; 'Amanda Hill'; 'Bill Argentieri'; 'Hal Beard'; 'Jim Glover';

'Randy Mahan'; Shane Boring; 'Tom Bowles (tbowles@scana.com)'; Alan Stuart
Subject: Saluda Relicensing: Fish Entrainment Desktop Study Plan

All:
Please disregard the previous fish entrainment desktop study plan email. Attached for your review is the draft study plan
for the fish entrainment desktop study. Please provide comments (preferably in track changes) by Tuesday, May 16th or
earlier. Thanks your for your continued participation and dedication to the Saluda relicensing process.

Saluda Entrainment
Study Plan ...

Jennifer Summerlin
Scientist Technician
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183



SALUDA HYDROELECTRIC PROJECT (FERC NO. 516)
Fish Entrainment Desktop Study Plan – Draft 4-14-06
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Introduction

The Saluda Hydro project is a 202.6 MW licensed hydroelectric facility located in

Lexington, Newberry, Richland, and Saluda Counties of South Carolina and is owned

and operated by South Carolina Electric & Gas (Licensee). The project consists of Lake

Murray, the Saluda Dam, the new back-up Saluda Berm, Spillway, powerhouse, intakes,

and penstocks. The project is currently licensed by the Federal Energy Regulatory

Commission (FERC No. 516) and the present license is due to expire in the year 2010.

The Licensee prepared and issued the Initial Stage Consultation Document

(ISCD) on May 20, 2005, in order to initiate the relicensing process for the Project. The

Licensee submitted the document to a number of state and federal resource agencies for

their review and comment.

The Licensee hosted an on-site Technical Working Committee (TWC) meeting on

February 22, 2006, which was attended by several members of State and Federal resource

agencies. As a result, the United States Fish and Wildlife Service (USFWS) and the

South Carolina Department of Natural Resources (SCDNR) requested studies to

determine the potential impact of Project operation on the fishery resource. The resource

agencies recommended the Licensee assess potential fish entrainment effects on the

fishery resource due to project operation.

In response to resource agency requests for studies in support of relicensing,

SCE&G proposed to develop entrainment estimates from the extensive entrainment

database that currently exists from recent project relicensing. Resource agencies

concurred with SCE&G’s proposal to determine potential fish entrainment effects

through a desktop analysis (meeting minutes dated February 22, 2006).
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Methods

Fish entrainment is the passage of fish through the trash rack, penstock, and

turbines into the tailrace of the development. Fish entrainment at the Saluda project will

be assessed through a desktop study. The goal of this study is to characterize and provide

an order-of-magnitude estimate of entrainment using existing literature and site specific

information. The primary inputs for this analysis will be:

1) Define the entrainment database that can be applied to the Saluda Hydro Project

2) Calculate and estimate fish entrainment rate(s) (seasonal if possible)

3) Characterize the species composition and length frequency of fish entrainment

4) Apply any physical or biological filters that may affect entrainment

5) Estimate total annual entrainment for the Saluda Hydro Project

These inputs will be developed as described in the following sections.

Review Existing Entrainment Studies

Over seventy site specific studies of resident fish entrainment at hydroelectric

sites in the United States have been reported to date which provide order-of –magnitude

estimates of annual fish entrainment (FERC, 1995). Descriptive information will be

gathered from each entrainment study and will include:

1) Location: geographical proximity (preference given to same river basin)

2) Project size: discharge capacity and power production

3) Mode of operation - e.g., peaking, run-of-river etc.

4) Biological factors: fish species composition

5) Impoundment characteristics: general water quality, impoundment size, flow

regime

6) Physical project characteristics: trash rack spacing, intake velocity, etc.
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This information will be assembled into a “matrix” of data to be used as a

database for the Saluda Hydro Project entrainment paper study. After review and

discussion, the Technical Working Committee (TWC) will select specific studies from

this “matrix” that are most applicable to the Saluda Hydro Project. Several key criteria to

be used in acceptance of candidate studies will be:

1) Similar geographical location, with preference given to projects located on

the same river basin

2) Similar station hydraulic capacity

3) Similar station operation (peaking, pulsing, run-of-river, etc.)

4) Biological similarities: fish species, composition and water quality

5) Entrainment netting data available

Fish Entrainment Rate

The entrainment rate information from the accepted studies will be

consolidated to show fish entrainment rates on a monthly basis (when available).

Preference will be given to netting entrainment rates over hydroacoustic entrainment

rates. The entrainment rates will be presented in fish entrained per hour of operation and

fish per volume of water passed through project turbines (fish/million cubic feet). The

data will be grouped by season, where appropriate, to determine an entrainment density

for each season of the year. The seasonal data from each entrainment study will be

averaged to develop a seasonal mean entrainment estimate at the Saluda Hydro Project.

Species Composition and Length Frequency Analysis

Species composition data from the accepted entertainment studies will be

analyzed and compiled to determine the general species and sizes of fish typically

entrained at other hydroelectric projects. This information will be grouped to yield

predicted seasonal estimates of species-specific length frequency data for entrained fish
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to determine:

1. A list of potentially entrained fish species

2. Expected relative abundance and size distribution of each species

identified as potentially entrained

3. Prediction of seasonality of potentially entrained fish species.

Estimation Of Annual Fish Entrainment

Total fish entrainment for the Saluda Hydro Project will be estimated on an

annual basis to provide an order of-magnitude entrainment estimate. The total fish

entrainment estimate will be produced on a typical water and operating year.

Turbine Mortality

As fish move through hydroelectric turbines, a percentage are killed due to

turbine mortality (i.e. blade strikes, shear forces, and pressure changes, etc.). Turbine

passage survival studies have been performed at numerous hydroelectric projects

throughout the country. Characteristics of these projects will be compared to the

characteristics of the Saluda Hydro Project and suitable studies will be selected for the

transfer of turbine mortality data for each development. Selected turbine survival rate

data will be obtained from the literature and used to estimate the number of fish killed

due to turbine mortality. The following turbine characteristics are recommended as

general criteria in accepting turbine mortality studies for use in this analysis:

1) design type

2) operating head

3) runner speed

4) diameter, and peripheral runner velocity

These characteristics are commonly attributed to turbine passage mortality (Cramer and
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Oligher, 1963; Bell, 1991; Eicher, 1987; EPRI, 1992).

To the extent possible, turbine mortality rate data available from source studies

will be related to the species-family group and size class of fish estimated to be entrained

at the Lake Murray Project. Where multiple tests are available for a given species-family

group/size class, a mean survival rate will be computed. For species-family groups/size

classes where no applicable data can be found or accepted, the survival rate reported for a

similar group/size class will be substituted.

Once turbine mortality rates are developed from the study database, the rates will

be applied to the entrainment estimates for each development. This will be accomplished

by multiplying fish entrainment estimates by the composite mortality rates for each

family/genus group and size class (where applicable).

Entrainment Filters

Due to certain site-specific characteristics of Lake Murray Project, it may be

necessary to adjust entrainment estimates. Factors affecting entrainment rates that may

warrant investigation for adjustment of estimates include:

1) stratification at the intakes (dissolved oxygen),

2) intake velocities,

3) fish habitat available at the intakes, and/or

4) other factors site specific factors.
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Reporting

In an attempt to reach consensus during the entrainment paper study, each step of

the process will be discussed with TWC members. Comments from the TWC will be

addressed during each phase of the analysis. Upon completion of the study, a draft report

will be prepared and distributed to State and Federal Resource agencies for review and

comment. The Draft report will summarize the results obtained in the study; will contain

appropriate tables and figures depicting estimated fish entrainment; and will contain all

supporting correspondence among the TWC members. After receipt of all comments, the

draft report will be revised to address final comments by all TWC members and will be

resubmitted as the Final Report.
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Kacie Jensen

From: Jennifer Summerlin
Sent: Wednesday, April 12, 2006 9:16 AM
To: 'bseibels@riverbanks.org'
Subject: Rocky Shoals Spider Lilly Report

Bob,
I have attached the report below. This document is 11 MB, so it might take up lots of email space!
Thanks, Jennifer

Columbia RSSL
Report.pdf (11 M...

Jennifer Summerlin
Scientist Technician
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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From: Jennifer Price [PriceJ@dnr.sc.gov]

Sent: Tuesday, March 07, 2006 5:23 PM

To: Shane Boring

Subject: RE: Saluda (Lake Murray) Relicensing: Terrestrial; Freshwater Mussel/Benthic Inverts; and Rare,
Threatened and Endangered Species Technical Working Committee Meetings

Page 1 of 3Saluda (Lake Murray) Relicensing: Terrestrial; Freshwater Mussel/Benthic Inverts; and R...

10/31/2007

Shane,

Here is the reference on conservation status a little outdated
Williams, J.D., M.L. Warren Jr., K.S. Cummings, J.L. Harris and R.J. Neves. 1993. Conservation status

of the freshwater mussels of the United States and Canada. Fisheries. 18(9):6-22.

I am also attaching the most recent data I have from Tim Savidge of the Catena Group, John Alderman of
Alderman Env.

Services, Gene Keferl (retired) from Coastal Georgia Community college as well as some of the information from
the North

Carolina Museum of Natural Sciences database given to me by Art Bogan. Some of the data is a little bit tricky to
look at. It's

hard to find the dates on John's data and some of the abbreviations are confusing (for example is L. Saluda
Lower or Little

Saluda?) but some of that can be overcome by the GPS coordinates.

I know you are interested in a list of all species in South Carolina. I am providing a list of our conservation
priorities from

the Comprehensive wildlife conservation plan. The only species from South Carolina not included in the
conservation plan are

Pyganodon cataracta, Utterbackia imbecillis, and Uniomerus carolinanus because we felt that they were a little bit
more

tolerant and widespread than the others. However, all mussels are pretty sensitive when compared with most
other groups of

organisms. For more information on particular species, see the website
http://www.dnr.sc.gov/wcp/soon.htm I wish that all the mussels were grouped together, but I didn't design the

website. there
are some rough range maps you could use to get an idea of which species are found in the Saluda/Congaree,

though any info.
collected after summer of 2004 won't be on there. It's also possible that some locations for these species were

missed, since
the maps were created by people sitting around a table putting their heads together listing drainages where they'd

found them.

Art Bogan and John Alderman's Workbook and key to the Freshwater Bivalves of South Carolina is another good
reference, but

I can't find a copy on the web.

Let me know if I can be of any more help.

Jennifer

Summary

Based upon the available information, we have put the species in the following categories based upon



their abundance, potential threats and need for conservation efforts. Although some species were
difficult to place in a category due to lack of information, we made a decision based upon what is
known. It is possible that some species will be more abundant than previously thought after more
thorough sampling efforts are conducted.

Highest

All of these species are either rare and have limited geographic ranges, or, if widespread, have exhibited
sharp declines throughout their ranges.

Brook Floater Alasmidonta varicosa
Barrel Floater Anodonta couperiana
Brother Spike Elliptio fraterna
Waccamaw Spike Elliptio waccamawensis
Atlantic Pigtoe Fusconaia masoni
Carolina Heelsplitter Lasmigona decorata
Yellow Lampmussel Lampsilis cariosa
Triangle Floater Alasmidonta undulata
Creeper Strophitus undulatus
Savannah Lilliput Toxolasma pullus
Notched Rainbow Villosa constricta
Carolina Creekshell Villosa vaughniana
Southern Rainbow Villosa vibex

High (the bold font doesn't mean anything. I don't know why it came up when I pasted this into
the e-mail & I can't get rid of it.)

This group of species has shown significant declines or moderately restricted ranges, but may still be
abundant at some sites.

Alewife Floater Anodonta implicata
Roanoke Slabshell Elliptio roanokensis
Elliptio fisheriana/nasutilus
Pod Lance Elliptio folliculata
Rayed Pink Fatmucket/Eastern Lampshell Lampsilis radiata/splendida
Tidewater Mucket Leptodea ochracea
Eastern Pondmussel Ligumia nasuta

Moderate

Although healthy populations of these species have been observed in many locations, there are concerns
that they may be in decline. The Elliptio complanata and E. icterina complexes probably contain
several species some of which are endangered and some of which are relatively common.

Carolina Lance Elliptio angustata
Carolina Slabshell Elliptio congarea
Eastern Elliptio Complex Elliptio complanata complex
Variable Spike Complex Elliptio icterina complex
Atlantic Spike Elliptio producta
Eastern Creekshell Villosa delumbis

Page 2 of 3Saluda (Lake Murray) Relicensing: Terrestrial; Freshwater Mussel/Benthic Inverts; and R...
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-----Original Message-----
From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com]
Sent: Thursday, March 02, 2006 12:06 PM
To: Amanda Hill (amanda_hill@fws.gov); Jennifer Price; Ron Ahle; EPPINK, THOMAS G; Bob Seibels; Dick
Christie; Gerrit Jobsis (American Rivers); Gerrit Jobsis (CCL); Steve Summer; Alan Stuart; Alison Guth; Bill
Argentieri; Randy Mahan; Buddy Baker; 'bstutts@scana.com'
Subject: Saluda (Lake Murray) Relicensing: Terrestrial; Freshwater Mussel/Benthic Inverts; and Rare,
Threatened and Endangered Species Technical Working Committee Meetings

When: Wednesday, March 08, 2006 9:00 AM-3:00 PM (GMT-05:00) Eastern Time (US & Canada).
Where: Lake Murray Training Center

*~*~*~*~*~*~*~*~*~*

Hello Folks:

As discussed in the Fish and Wildlife Resource Conservation Group (RCG) meeting last week, the
inaugural meetings of the Terrestrial, Freshwater Mussel/Benthic Invert, and Rare, Threatened and
Endangered Species Technical Working Committees (TWCs) will be held on Wednesday March 8 at the
Lake Murray Training Center. Throughout the relicensing process, similar efforts will be made to combine
meeting to a single day to ease the travel burden on involved stakeholders and agency staff. A draft
agenda is provided below for those who only want to attend the committees for which they are a member.
Finally, please RSVP so that we can make the proper arrangements for lunch.

Thanks for you continued participation in the Saluda Relicensing.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

<<Fish and Wildlife TWC Agenda 3-08-06.doc>>
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Cheryl Balitz

From: Steve Leach [LeachS@dnr.sc.gov]

Sent: Monday, February 27, 2006 12:08 PM

To: Steven R Johnson; SUMMER, STEPHEN E; djcoughl@duke-energy.com; Shane Boring; Alison
Guth; Gene E Vaughan

Cc: Dick Christie; Val Nash

Subject: Shad passage report

Page 1 of 1Shad passage report

7/13/2007

All,

Please forward this to anyone that I missed who may be interested:

My estimation is that the shad run into the Santee Cooper system began in earnest yesterday, with several
thousand passed at St. Stephen, and continuing operations for passage through Pinopolis Lock. Water
temperature at St. Stephen reached 12 C during the afternoon yesterday.

Also, three shortnose sturgeon are making a move upstream, upon last location (2/24, they were in the reach
between the Hwy 601 crossing of the Congaree River and the Congaree Swamp National Park put-in. We will be
looking to locate those fish starting at Rosewood and working downstream tomorrow.

If you have any questions, please feel free to contact me.

Thanks

Steven D. Leach
South Carolina Department of Natural Resources
Dennis Wildlife Center
305 Black Oak Rd.
Bonneau, SC 29431
(843) 825-3388
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Kacie Jensen

From: Amanda_Hill@fws.gov
Sent: Monday, January 09, 2006 11:14 AM
To: Alison Guth
Subject: FWS Eel Survey Comments

COMMENTS_Eel_Su
rvey_Report_200...

(See attached file: COMMENTS_Eel_Survey_Report_2005.doc)

Amanda Hill
Fisheries Biologist
U.S. Fish and Wildlife Service
176 Croghan Spur Rd., Suite 200
Charleston, SC 29407
843-727-4707 ext. 303
843-727-4218 fax
amanda_hill@fws.gov

*NOTE NEW PHONE EXTENSION*

"Our mission is working with others to conserve, protect, and enhance fish, wildlife and
plants and their habitats for the continuing benefit of the American people."



December 2, 2005

SCE&G
111 Research Drive
Columbia, South Carolina 29203

Re: COMMENTS, South Carolina Electric & Gas, Saluda Hydroelectric Project
(FERC No. 516), Diadromous Fish Studies 2005 – American eel (Anguilla
rostrata) Survey

Attn: Alan Stuart, Kleinschmidt Associates

Dear Mr. Stuart:

The U.S. Fish and Wildlife Service (Service) has reviewed the Diadromous Fish Studies
2005- American eel (Anguilla rostrata) Survey report submitted for agency review in
September 2005 as part of South Carolina Electric & Gas’ (SCE&G) Saluda Hydropower
relicensing process. We submit the following comments and recommendations in
accordance with the provisions of the Fish and Wildlife Coordination Act, as amended
(16 U.S.C.§§ 661-667e); Section 7 of the Endangered Species Act of 1973, as amended
(16 U.S.C. §§ 1531-1543); the Federal Power Act (16 U.S.C.§ 791 et seq.); the National
Environmental Policy Act (42 U.S.C.§ 4321 et seq.); the Clean Water Act (33 U.S.C.
§1251 et seq.); and the Electric Consumers Protection Act of 1986 (Pub. L. No. 99-495,
100 Stat. 1243).

General Comments

The Service has reviewed the 2005 American eel survey report for the lower Saluda
River. We commend SCE&G for agreeing to begin early sampling prior to the initiation
of the relicensing process. This early start to the diadromous fish sampling will provide
multiple years of sampling allowing for a larger data set. It also allows participants
including the resource agencies, applicant, and consultants to improve upon
methodologies utilized in previous sampling seasons.



Due to the increased interest in the status of American eel along the Atlantic Coast
resulting from a petition to the Service to investigate its potential listing and protection
under the Endangered Species Act, new information is being gathered and reported
daily. Based on the results of American eel sampling during 2004-2005 at Duke Power’s
Catawba-Wateree Hydropower Project on the Wateree River, results of 2005 sampling on
the lower Saluda River, and 2005 sampling reports from the Roanoke River at the
Roanoke Rapids Hydropower Project, we recommend modifying sampling strategies on
the lower Saluda River for the 2006 sampling season. It has become apparent that eel
pots and traps are ineffective at gathering American eels in freshwaters of the Santee
Basin. What do appear to be effective are eel ramps in tailwaters at dams and in
spillways. We have also learned that the eels appear to be active around 15º C, which did
not occur until May in the lower Saluda River in 2005. We recommend the following
methodologies and gear types be utilized in 2006 in lieu of eel pots and traps. Details of
2006 survey efforts should be developed in coordination with the Service.

1) Develop and install eel ramps at the Saluda Dam and Saluda Spillway, similar to
the structure located at Duke Power’s Wateree Dam on the Wateree River.

2) Spring and Fall sampling efforts should be concentrated around a range of
temperatures, specifically at ±15º C.

3) Visual observations/surveys should be conducted at the spillway during the above
referenced temperature range including spring and fall.

Specific Comments on Report

 Page 1, Introduction, 3rd Paragraph. The text should be revised to the following:
“Resource agencies goals and objectives for the Santee Basin include the
restoration of diadromous species. Target species include the American shad,
hickory shad, blueback herring, shortnose sturgeon, Atlantic sturgeon, striped
bass, and the American eel.”

 Page 14, 2nd Paragraph. It should be noted and included in the text that although
no American eels were caught in eel traps at six locations in 2005 at the Catawba-
Wateree Hydropower Project on the Wateree River, over 50 American eels were
caught at the Wateree Dam utilizing an eel ramp.

 Pages 14-17, Tables 1-4. If the data is available, it would be helpful for the
Service, if water temperatures at the sampling sites were included as a column in
the four Tables.

We appreciate the opportunity to comment on the 2005 American eel survey and look
forward to coordinating with SCE&G and Kleinschmidt to develop 2006 American eel
sampling methodologies. We recommend scheduling a meeting in January to discuss



2006 American eel and anadromous fish sampling efforts for the lower Saluda River and
Congaree River.

If you have any questions or need additional information, please contact Ms. Amanda
Hill of my staff at 843-727-4707 ext. 303.

Sincerely yours,

Timothy N. Hall
Field Supervisor

TNH/AKH



Kacie Jensen

From: Mark_A_Cantrell@fws.gov

Sent: Monday, January 09, 2006 11:27 AM

To: Mark_A_Cantrell@fws.gov

Cc: Alan Stuart; Alison Guth; 'Amanda Hill (amanda_hill@fws.gov)'; BARGENTIERI@scana.com; 'Hal
Beard (BeardH@scdnr.state.sc.us)'; 'Steve Leach'; 'Prescott Brownell
(prescott.brownell@NOAA.gov)'; RMAHAN@scana.com; Shane Boring; 'Steve Summer
(ssummer@scana.com)'

Subject: Re: Conference call with agencies to discuss 2006 Saluda dia dromous fish sampling

Page 1 of 1

10/31/2007

Per the conference call, here are some descriptions of ramp-type traps for eels.
I was able to get Dr. Knights to look at some maps and photographs of the Saluda Project and some other sites a
few weeks ago - he recommended some better locations based on flows.
To detect eel movements, timing, etc., not to sample adult resident eels, he recommended ramp-type traps he
describes in his paper, to be located at dams or other obstructions. Quiter water adjacent to swift!
He favored the pool below Saluda spillway, or something at one of the side channels below the powerhouse.
He did note frequent checks, daily, and security issues are a factor in trap success.
Flow across the ramp and attraction flow should be about 1/4 - 1/2" in depth. This can be by gravity or pumped.

thnaks,
Mark A. Cantrell
U.S. Fish & Wildlife Service
160 Zillicoa Street
Asheville, NC 28801
828/258-3939, ext 227
fax: 828/258-5330
mobile: 828/215-1739
mark_a_cantrell@fws.gov

"Our mission is working with others to conserve, protect, and enhance fish, wildlife, and plants and their habitats
for the continuing benefit of the American people."
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Kacie Jensen

Subject: Updated: Conference call with agencies to discuss 2006 Saluda diadromous fish sampling
Location: via conference call

Start: Mon 1/9/2006 10:00 AM
End: Mon 1/9/2006 11:00 AM
Show Time As: Tentative

Recurrence: (none)

Meeting Status: Not yet responded

Required Attendees: 'Amanda Hill (amanda_hill@fws.gov)'; 'Hal Beard (BeardH@scdnr.state.sc.us)'; 'Prescott
Brownell (prescott.brownell@NOAA.gov)'; 'Steve Summer (ssummer@scana.com)';
'dchristie@infoave.net'; 'Mark A. Cantrell (mark_a_cantrell@fws.gov)'; 'Steve Leach'; Alan
Stuart; Alison Guth; Argentieri, Bill

Optional Attendees: MAHAN, RANDOLPH R

Hello all:

Attached is the 2005 Saluda Diadromous Fish Study Plan for your review prior to our call on Monday. Please be prepared
to discuss any changes that you feel should be made prior to starting the 2006 sampling. Looking forward to talking with
you all at 10 AM on Monday.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Diadromous_Fish_S
tudy_Plan_011...
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Kacie Jensen

From: Shane Boring
Sent: Wednesday, January 04, 2006 12:01 PM
To: Shane Boring; 'Amanda Hill (amanda_hill@fws.gov)'; 'Hal Beard (BeardH@scdnr.state.sc.us)';

'Prescott Brownell (prescott.brownell@NOAA.gov)'; 'Steve Summer (ssummer@scana.com)';
'dchristie@infoave.net'; 'Mark A. Cantrell (mark_a_cantrell@fws.gov)'; 'Steve Leach'

Cc: BARGENTIERI@scana.com; 'Steve Summer (ssummer@scana.com)'; Alison Guth; Alan
Stuart

Subject: Final 2005 Lower Saluda/Upper Congaree River Diadromous Fish Study Summary Report

Hello All:

Attached is the final report summarizing the result's of SCE&G's diadromous fish sampling effort in the Saluda and
Congaree Rivers during 2005. Thanks to all who provided comments on the draft. As always, please feel free to give
me a call if you have any comments or questions regarding the report.

Thank you,
Shane Boring

2005 Saluda
Diadromous Summary...
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Kacie Jensen

From: Shane Boring
Sent: Tuesday, January 03, 2006 11:18 AM
To: Tom Murphy (murphyt@dnr.sc.gov); Amanda Hill (amanda_hill@fws.gov);

BARGENTIERI@scana.com; Boozer Tommy (tboozer@scana.com); Dick Christie
(dchristie@infoave.com); Ed_Eudaly@fws.gov; Hal Beard (BeardH@scdnr.state.sc.us);
HOFFMAN, VAN B; Laura Blake (E-mail); RMAHAN@scana.com; Ron Ahle
(ahler@dnr.sc.gov); Steve Summer (ssummer@scana.com); Alison Guth; Alan Stuart

Subject: 2005 Lake Murray Wood Stork Surveys - Summary Report

Hello All:

Attached is the final report summarizing the 2005 Lake Murray wood stork surveys. As you may remember from the
monthly updates, no wood storks were observed on the lake during 2005. The 2006 surveys will begin in February. Thank
you all for your continued interest in this study.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

2005 Wood Stork
Summary Report...



From: Alison Guth
To: "Arnie Eversole"; 
cc: Alan Stuart; 
Subject: The Saluda Crayfish
Date: Thursday, August 03, 2006 3:14:25 PM
Attachments: Final 2005 LSR Crayfish Assessment.pdf 

Hello Arnie, 
The topic of the Saluda Crayfish arose during discussions on rare, threatened and endangered species in 
our Fish and Wildlife working groups for the Saluda Hydro relicensing.  The USFWS expressed concern 
about this species, however there is little information readily available on the Saluda Crayfish.  I am 
writing to ask if you would be interested in preparing a technical review/white paper, however brief it 
may be, discussing the status and occurrence of this species.  If you are interested, could you also let 
me know how much you would typically charge to prepare such a document.   
I also wanted to take this opportunity to send you a copy of the Crayfish Assessment that I put together 
with your help.   
Thanks and I hope to hear from you soon, Alison 
  
Alison Guth 
Licensing Coordinator  
Kleinschmidt Associates  
101 Trade Zone Drive  
Suite 21A  
West Columbia, SC 29170  
P: (803) 822-3177  
F: (803) 822-3183  

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=ALISON.GUTH
mailto:aevrsl@CLEMSON.EDU
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alan Stuart
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July 17, 2006 
 
 
 
Fish and Wildlife Resource Conservation Group Members 
Saluda Hydro Relicensing Team 
 
South Carolina Electric & Gas Company – FERC Project No. 516 
2005 Lower Saluda River Crayfish Assessment 
 
Dear RCG Members: 
 


In response to a request by the U.S. Fish and Wildlife Service (USFWS) and in 
preparation for the relicensing of the Saluda Hydroelectric Project (FERC No. 516), South 
Carolina Electric & Gas Company (SCE&G) contracted with Kleinschmidt Associates to 
perform a crayfish assessment in the lower Saluda River in the fall of 2005.  The first of these 
assessments was conducted on October 11, 2005,  and assessments continued on a weekly basis 
through November 15, 2005.  The following is a report presenting our findings of the study. 
 
BACKGROUND 


 
On April 29th of 2005, SCE&G filed the Notice of Intent (NOI) to relicense the Project 


with the Federal Energy Regulatory Commission (FERC), as well as issuing the Initial 
Consultation Document (ICD) to the FERC and stakeholders.  The current license is due to 
expire August 31, 2010.  Comments on the ICD submitted by the USFWS include a study 
request for an evaluation of benthic macroinvertebrate assemblages that include crayfish as well 
as EPT’s (Ephemeroptera, Plecoptera, Trichoptera).  This was requested with the justification 
that such studies will provide information for the assessment of Project effects on benthic 
resources.   


 
Concurrent with the release of the ICD, in spring 2005, SCE&G carried out a series of 


diadromous fish studies on the lower Saluda river in response to early study requests from the 
South Carolina Department of Natural Resources (SCDNR), the USFWS, and NOAA Fisheries.  
Target species included the American shad, hickory shad, blueback herring, shortnose sturgeon, 
Atlantic sturgeon, striped bass, and the American eel.  It was found, during the American eel 
surveys, that the traps were efficient in the collection of crayfish.  After formal discussions with 
the USFWS, the eel traps were re-deployed in October 2005 in order to gather data on crayfish 
species.   


 
 


MATERIALS METHODS 
 


The traps used during the entirety of the sampling period consisted of double-entry, 
galvanized wire mesh minnow traps, measuring about 2 ½ feet long (see Figure A).  These traps 
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were successful in sampling crayfish during Spring 2005 diadromous fish studies.  Each trap was 
initially baited with herring and was re-baited on two-week intervals or as needed.  A one lb 
weight was also placed in the traps to insure that they remained submerged.  The traps were 
deployed mid-channel and secured to the bank with a length of cord so that they were readily 
accessible.  Moreover, in an attempt to decrease vandalism and disturbance, they were positioned 
such that they were not readily noticeable.  In the event of vandalism or theft, the trap was 
replaced as soon as feasible. 
 


Each trap was deployed at its respective sampling location on October 3, 2005 and was 
allowed to fish continuously until early November, with the exception of when a trap was stolen 
or vandalized.  The traps were inspected once a week under most circumstances.  However, rain 
events and high flows occasionally prevented access to the traps, and they would subsequently 
be checked when the water levels decreased.  Any by-catch was field identified and released.  
Data recorded for each sample included trap deployment and retrieval time, total number of 
crayfish collected, and the number of males and females, however only the males were kept for 
identification in the laboratory.  After initial genus identification by Kleinschmidt personnel, 
species were verified by crayfish specialist Dr. Arnold Eversole, with Clemson University. 


 
Traps were deployed at four points along the Saluda River below the Saluda Dam.  These 


locations were chosen according to resource agency recommendations for diadromous species 
trapping, and included: (1) the Saluda Dam Spillway; (2) the mouth of Twelvemile Creek; (3) the 
LSR downstream of Interstate 26 near the USGS gage station; (4) and the Saluda Dam Tailrace 
(see Figure B). 
 
 
FINDINGS 
 
 During the sampling period a total of 41 crayfish were collected from the LSR.  Of those 
individuals, there were 19 males and 22 females field identified.    All of the specimens captured 
were of two genus’,  Procambarus and Cambarus; it is believed that only two species were found 
within those genus’, Cambarus (Depressicambarus) latimanus and Procambarus 
(Scapulicambarus) troglodytes.   
 
 Cambarus (Depressicambarus) latimanus is found in several river basins in North 
Carolina, South Carolina, Georgia, Florida and Alabama.  Considered a secondary burrower, this 
species spends its time in small to moderately large streams and burrows1.  Procambarus 
(Scapulicambarus) troglodytes is considered a tertiary burrower, meaning that it spends much of 
its time in open water, retreating to its burrow for winter frost, egg laying and to avoid 
desiccation.  This species is widely distributed throughout the state and populations are 
considered stable2.  Neither of these species is listed on the Federal List of Endangered and 
Threatened Wildlife and Plants for Richland, Lexington, Newberry, or Saluda Counties. 
                                                 
1 Crandall, Keith A., Fetzner, Jr., James W., and Hobbs, Jr., Horton H. 2001. Cambarus  (Depressicambarus) 
latimanus Le Conte 1856. Version 01 January 2001 (under  construction). 
http://tolweb.org/Cambarus_(Depressicambarus)_latimanus/6858/2001.01.01 in The Tree of Life Web Project, 
http://tolweb.org . Viewed 7 July 2006. 
2 Crandall, Keith A., Fetzner, Jr., James W., and Hobbs, Jr., Horton H. 2001. Procambarus (Scapulicambarus) 
troglodytes Le Conti 1856. Version 01 January 2001 (underconstruction). 
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 I have included Tables 1-4, which depict the findings recorded during the sampling 
events.  If you have any questions or need additional information, please do not hesitate to 
contact me at (803) 822-3177. 
 
        Sincerely, 
 
        KLEINSCHMIDT ASSOCIATES 
 


         
 
 
        Alison Guth 
        Licensing Coordinator 
AG:mas 
Attachments 
 


 
 


  J:\455\029\Docs\001-2005 LSR Crayfish Assessment.doc 


                                                                                                                                                             
http://tolweb.org/Procambarus_(Scapulicambarus)_troglodytes/7660/2001.01.01 in The  Tree of Life Web Project, 
http://tolweb.org . Viewed 7 July 2006. 







 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


ATTACHMENT A 
 


TABLES AND FIGURES 
 







 


Figure A: Standard Trap that was Used Throughout Sampling 
 


 
 







 


Figure B: Lower Saluda River Crayfish Sampling Locations 


 
 







 


Table 1: Crayfish Surveys – USGS Gage Station 


 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


USGS Gaging Station


Date
Time Retrieved for 
Inspection


Time 
Redeployed


Total 
Number


Genus of 
Males Comments


10/3/2005 10:50 Deployed Trap


10/11/2005 12:59 1:18


Much vegitation covering 
trap, removed vegetation 
and rebaited, no catch


10/19/2005 11:35 11:39 Rebaited, no catch
10/25/2005 2:46 2:52 Rebaited, no catch
11/3/2005 2:16 2:30 Rebaited, no catch


11/15/2005 2:51 Retrieved trap, no catch
Total 0  
 
 
Table 2: Crayfish Surveys – Tailrace 
 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


Tailrace


Date


Time 
Retrieved for 
Inspection


Time 
Redeployed


Total 
Number


Genus of 
Males Comments


10/3/2005 12:23 Deployed Trap
10/11/2005 1:55 2:10 5 (4M, 1F) Cambarus Rebaited trap
10/19/2005 12:00 Trap out of water, rebaited
10/25/2005 3:15 3:22 No catch
11/3/2005 2:51 Trap stuck, could not retrieve


Total 5 (4M, 1F)  







 


Table 3: Crayfish Surveys – Spillway 
 
 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


Spillway


Date
Time Retrieved 
for Inspection


Time 
Redeployed Total Number Genus of Males Comments


10/3/2005 1:06 Deployed Trap


10/11/2005 2:35 2:51 11 (7 F, 4 M)
Procambarus (2), 
Cambarus (2) Rebaited


10/19/2005 12:30 12:39 2 (M)
Procambarus (1), 
Cambarus (1)


10/25/2005 3:45
Could not access 
trap, high water


11/3/2005 3:26 Trap gone
Total 13 (7 F, 6 M)  
 
 
Table 4: Crayfish Surveys – Twelvemile Creek Location 
 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


Twelvemile Creek Location


Date
Time Retrieved 
for Inspection


Time 
Redeployed Total Number


Genus of  
Males Comments


10/3/2005 1:33 Trap Deployed
10/11/2005 3:15 3:27 6 (4 F, 2 M) Cambarus Rebaited, caught 1 Anguilla rostrata 
10/19/2005 1:52 2:03 4 (3 F, 1 M) Cambarus Rebaited 
10/25/2005 4:15 4:32 11 (7 F, 4 M) Cambarus Rebaited
11/3/2005 3:57 4:03 1 (M) Cambarus Rebaited


11/15/2005 3:47 1 (M) Cambarus Collected Trap
Total 23 (14 F, 9 M)
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From: Alison Guth
To: Wade Bales (balesw@dnr.sc.gov); Alan Stuart; Alison Guth; Amanda Hill; 

Bill Argentieri; Bill East; Bill Hulslander; Bill Marshall; Bob Perry ; 
Bob Seibels (bseibels@yahoo.com); Charlene Coleman; Daniel Tufford; 
Dick Christie; Ed Diebold; George Duke; Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jeff Duncan; Jennifer O"Rourke; Jennifer Hand; 
Jim Glover; Jim Goller; Joe Logan; Joy Downs; Larry Turner (turnerle@dhec.
sc.gov); Laura Boos (laura.mccary@gmail.com); Malcolm Leaphart; 
Mark Leao; Mike Sloan; Norman Ferris; Patrick Moore; Prescott Brownell; 
Ralph Crafton; Randy Mahan; Reed Bull (rbull@davisfloyd.com); 
Robert Lavisky; Ron Ahle; Sam Drake; Scott Harder; Shane Boring; 
Steve Bell; Steve Leach; Steve Summer; Suzanne Rhodes; 
Tom Bowles (tbowles@scana.com); 

Subject: 2005 Crayfish Assessment
Date: Tuesday, July 25, 2006 10:25:36 AM
Attachments: Final 2005 LSR Crayfish Assessment.pdf 

Hello RCG Members, 
I have attached, for your perusal, the report on the 2005 Crayfish Assessment.  Feel free to contact me 
with any questions.  Thanks, Alison 
  
Alison Guth 
Licensing Coordinator  
Kleinschmidt Associates  
101 Trade Zone Drive  
Suite 21A  
West Columbia, SC 29170  
P: (803) 822-3177  
F: (803) 822-3183  
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July 17, 2006 
 
 
 
Fish and Wildlife Resource Conservation Group Members 
Saluda Hydro Relicensing Team 
 
South Carolina Electric & Gas Company – FERC Project No. 516 
2005 Lower Saluda River Crayfish Assessment 
 
Dear RCG Members: 
 


In response to a request by the U.S. Fish and Wildlife Service (USFWS) and in 
preparation for the relicensing of the Saluda Hydroelectric Project (FERC No. 516), South 
Carolina Electric & Gas Company (SCE&G) contracted with Kleinschmidt Associates to 
perform a crayfish assessment in the lower Saluda River in the fall of 2005.  The first of these 
assessments was conducted on October 11, 2005,  and assessments continued on a weekly basis 
through November 15, 2005.  The following is a report presenting our findings of the study. 
 
BACKGROUND 


 
On April 29th of 2005, SCE&G filed the Notice of Intent (NOI) to relicense the Project 


with the Federal Energy Regulatory Commission (FERC), as well as issuing the Initial 
Consultation Document (ICD) to the FERC and stakeholders.  The current license is due to 
expire August 31, 2010.  Comments on the ICD submitted by the USFWS include a study 
request for an evaluation of benthic macroinvertebrate assemblages that include crayfish as well 
as EPT’s (Ephemeroptera, Plecoptera, Trichoptera).  This was requested with the justification 
that such studies will provide information for the assessment of Project effects on benthic 
resources.   


 
Concurrent with the release of the ICD, in spring 2005, SCE&G carried out a series of 


diadromous fish studies on the lower Saluda river in response to early study requests from the 
South Carolina Department of Natural Resources (SCDNR), the USFWS, and NOAA Fisheries.  
Target species included the American shad, hickory shad, blueback herring, shortnose sturgeon, 
Atlantic sturgeon, striped bass, and the American eel.  It was found, during the American eel 
surveys, that the traps were efficient in the collection of crayfish.  After formal discussions with 
the USFWS, the eel traps were re-deployed in October 2005 in order to gather data on crayfish 
species.   


 
 


MATERIALS METHODS 
 


The traps used during the entirety of the sampling period consisted of double-entry, 
galvanized wire mesh minnow traps, measuring about 2 ½ feet long (see Figure A).  These traps 
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were successful in sampling crayfish during Spring 2005 diadromous fish studies.  Each trap was 
initially baited with herring and was re-baited on two-week intervals or as needed.  A one lb 
weight was also placed in the traps to insure that they remained submerged.  The traps were 
deployed mid-channel and secured to the bank with a length of cord so that they were readily 
accessible.  Moreover, in an attempt to decrease vandalism and disturbance, they were positioned 
such that they were not readily noticeable.  In the event of vandalism or theft, the trap was 
replaced as soon as feasible. 
 


Each trap was deployed at its respective sampling location on October 3, 2005 and was 
allowed to fish continuously until early November, with the exception of when a trap was stolen 
or vandalized.  The traps were inspected once a week under most circumstances.  However, rain 
events and high flows occasionally prevented access to the traps, and they would subsequently 
be checked when the water levels decreased.  Any by-catch was field identified and released.  
Data recorded for each sample included trap deployment and retrieval time, total number of 
crayfish collected, and the number of males and females, however only the males were kept for 
identification in the laboratory.  After initial genus identification by Kleinschmidt personnel, 
species were verified by crayfish specialist Dr. Arnold Eversole, with Clemson University. 


 
Traps were deployed at four points along the Saluda River below the Saluda Dam.  These 


locations were chosen according to resource agency recommendations for diadromous species 
trapping, and included: (1) the Saluda Dam Spillway; (2) the mouth of Twelvemile Creek; (3) the 
LSR downstream of Interstate 26 near the USGS gage station; (4) and the Saluda Dam Tailrace 
(see Figure B). 
 
 
FINDINGS 
 
 During the sampling period a total of 41 crayfish were collected from the LSR.  Of those 
individuals, there were 19 males and 22 females field identified.    All of the specimens captured 
were of two genus’,  Procambarus and Cambarus; it is believed that only two species were found 
within those genus’, Cambarus (Depressicambarus) latimanus and Procambarus 
(Scapulicambarus) troglodytes.   
 
 Cambarus (Depressicambarus) latimanus is found in several river basins in North 
Carolina, South Carolina, Georgia, Florida and Alabama.  Considered a secondary burrower, this 
species spends its time in small to moderately large streams and burrows1.  Procambarus 
(Scapulicambarus) troglodytes is considered a tertiary burrower, meaning that it spends much of 
its time in open water, retreating to its burrow for winter frost, egg laying and to avoid 
desiccation.  This species is widely distributed throughout the state and populations are 
considered stable2.  Neither of these species is listed on the Federal List of Endangered and 
Threatened Wildlife and Plants for Richland, Lexington, Newberry, or Saluda Counties. 
                                                 
1 Crandall, Keith A., Fetzner, Jr., James W., and Hobbs, Jr., Horton H. 2001. Cambarus  (Depressicambarus) 
latimanus Le Conte 1856. Version 01 January 2001 (under  construction). 
http://tolweb.org/Cambarus_(Depressicambarus)_latimanus/6858/2001.01.01 in The Tree of Life Web Project, 
http://tolweb.org . Viewed 7 July 2006. 
2 Crandall, Keith A., Fetzner, Jr., James W., and Hobbs, Jr., Horton H. 2001. Procambarus (Scapulicambarus) 
troglodytes Le Conti 1856. Version 01 January 2001 (underconstruction). 
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 I have included Tables 1-4, which depict the findings recorded during the sampling 
events.  If you have any questions or need additional information, please do not hesitate to 
contact me at (803) 822-3177. 
 
        Sincerely, 
 
        KLEINSCHMIDT ASSOCIATES 
 


         
 
 
        Alison Guth 
        Licensing Coordinator 
AG:mas 
Attachments 
 


 
 


  J:\455\029\Docs\001-2005 LSR Crayfish Assessment.doc 


                                                                                                                                                             
http://tolweb.org/Procambarus_(Scapulicambarus)_troglodytes/7660/2001.01.01 in The  Tree of Life Web Project, 
http://tolweb.org . Viewed 7 July 2006. 







 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


ATTACHMENT A 
 


TABLES AND FIGURES 
 







 


Figure A: Standard Trap that was Used Throughout Sampling 
 


 
 







 


Figure B: Lower Saluda River Crayfish Sampling Locations 


 
 







 


Table 1: Crayfish Surveys – USGS Gage Station 


 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


USGS Gaging Station


Date
Time Retrieved for 
Inspection


Time 
Redeployed


Total 
Number


Genus of 
Males Comments


10/3/2005 10:50 Deployed Trap


10/11/2005 12:59 1:18


Much vegitation covering 
trap, removed vegetation 
and rebaited, no catch


10/19/2005 11:35 11:39 Rebaited, no catch
10/25/2005 2:46 2:52 Rebaited, no catch
11/3/2005 2:16 2:30 Rebaited, no catch


11/15/2005 2:51 Retrieved trap, no catch
Total 0  
 
 
Table 2: Crayfish Surveys – Tailrace 
 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


Tailrace


Date


Time 
Retrieved for 
Inspection


Time 
Redeployed


Total 
Number


Genus of 
Males Comments


10/3/2005 12:23 Deployed Trap
10/11/2005 1:55 2:10 5 (4M, 1F) Cambarus Rebaited trap
10/19/2005 12:00 Trap out of water, rebaited
10/25/2005 3:15 3:22 No catch
11/3/2005 2:51 Trap stuck, could not retrieve


Total 5 (4M, 1F)  







 


Table 3: Crayfish Surveys – Spillway 
 
 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


Spillway


Date
Time Retrieved 
for Inspection


Time 
Redeployed Total Number Genus of Males Comments


10/3/2005 1:06 Deployed Trap


10/11/2005 2:35 2:51 11 (7 F, 4 M)
Procambarus (2), 
Cambarus (2) Rebaited


10/19/2005 12:30 12:39 2 (M)
Procambarus (1), 
Cambarus (1)


10/25/2005 3:45
Could not access 
trap, high water


11/3/2005 3:26 Trap gone
Total 13 (7 F, 6 M)  
 
 
Table 4: Crayfish Surveys – Twelvemile Creek Location 
 
Saluda Hydro Project Relicensing
2005 Crayfish Surveys


Twelvemile Creek Location


Date
Time Retrieved 
for Inspection


Time 
Redeployed Total Number


Genus of  
Males Comments


10/3/2005 1:33 Trap Deployed
10/11/2005 3:15 3:27 6 (4 F, 2 M) Cambarus Rebaited, caught 1 Anguilla rostrata 
10/19/2005 1:52 2:03 4 (3 F, 1 M) Cambarus Rebaited 
10/25/2005 4:15 4:32 11 (7 F, 4 M) Cambarus Rebaited
11/3/2005 3:57 4:03 1 (M) Cambarus Rebaited


11/15/2005 3:47 1 (M) Cambarus Collected Trap
Total 23 (14 F, 9 M)
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Kacie Jensen

From: Alan Stuart
Sent: Wednesday, August 22, 2007 2:54 PM
To: 'Prescott Brownell (Prescott.Brownell@noaa.gov)'; 'Dick Christie'; 'Amada_Hill@fws.gov'
Cc: Jennifer Summerlin; 'QUATTLEBAUM, MILTON'; 'SUMMER, STEPHEN E'
Subject: 2007 Shortnose Sturgeon draft Report

Good afternoon all,

Attached is the 2007 Draft Shortnose Sturgeon Report prepared by Jenni Summerlin. The report details the efforts of this
years sampling. As most of you know, no sturgeon (of any life stage) were captured during the study. No additional
sturgeon sampling is scheduled for next year. However, we are planning to convene a meeting in October/November to
discuss the American Shad telemetry study and potential Columbia Fishway monitoring for next season.

Please review the attached report and provide us comments by September 21st so we can begin finalize the report. Also,
please circulate the report to anyone in your respective agencies you believe could benefit from the information. As
always, should you have questions before then just let us know.

2007 Shortnose
Sturgeon Draft ...

Thank you for all of your efforts !!

Alan

Senior Licensing Coordinator
Kleinschmidt Energy and Water Resources
101 Trade Zone Drive Suite 21A
West Columbia, SC 29170

Phone 803.822.3177
Cell 803.640.8765
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Kacie Jensen

From: Shane Boring
Sent: Friday, May 25, 2007 3:30 PM
To: Jennifer Summerlin; Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; Dick

Christie; Gerrit Jobsis (American Rivers); Hal Beard; Jim Glover; Malcolm Leaphart; Mike
Waddell; Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; Randy Mahan;
Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Brandon Kulik; Alan Stuart

Cc: Alan Stuart; 'Bill Argentieri'
Subject: Saluda IFIM Transects

Dear Instream Flow TWC Members:

As many you aware, we finished up selection of transect locations for the upcoming lower Saluda IFIM study during our
field visit earlier this week. Many thanks to those who made it out for the field visits. To ensure we're all on the same page,
the attached documents includes a table summarizing the selected transects as well as maps showing their spatial
distribution. If there are any questions on the transects that have been selected, please contact Brandon Kulik (207-487-
3328) or me by close of business next Wednesday, May 30. Field data collection is slated to begin Monday June 4.

Thanks
Shane Boring

Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Saluda_Upper_She
et_sek.pdf (11...

LSR transects.doc
(55 KB)

Saluda_Lower_She
et_sek.pdf (96...

Saluda_Sheet_sek.
pdf (213 KB)
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Kacie Jensen

From: Shane Boring
Sent: Monday, May 07, 2007 9:07 AM
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; Dick Christie; Gerrit Jobsis

(American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Malcolm Leaphart; Mike
Waddell; Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; Randy Mahan;
Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Brandon Kulik; Alan Stuart

Subject: Lower Saluda River IFIM Study: Mesohabitat Assessment

All:

Attached is the draft memo and accompanying maps summarizing the recent mesohabitat assessment on the Lower
Saluda River. As you may remember, the mesohabitat assessment was prepared in support of the upcoming IFIM study.
We wanted to get the information to the group prior to the field visit later this week in order to facilitate selection of
appropriate transect locations.

As previously noted, the mesohabitat assessment is still in draft format, so please feel free to provide comments. I do ask,
however, that all comments be submitted by May 18, 2007. Thanks for your continued participation in the Lower Saluda
IFIM Study.

Shane Boring

Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Lower Saluda IFIM
Mesohab Asse...
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Kacie Jensen

From: Shane Boring
Sent: Monday, May 07, 2007 9:07 AM
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; Dick Christie; Gerrit Jobsis

(American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Malcolm Leaphart; Mike
Waddell; Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; Randy Mahan;
Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Brandon Kulik; Alan Stuart

Subject: Lower Saluda River IFIM Study: Mesohabitat Assessment

All:

Attached is the draft memo and accompanying maps summarizing the recent mesohabitat assessment on the Lower
Saluda River. As you may remember, the mesohabitat assessment was prepared in support of the upcoming IFIM study.
We wanted to get the information to the group prior to the field visit later this week in order to facilitate selection of
appropriate transect locations.

As previously noted, the mesohabitat assessment is still in draft format, so please feel free to provide comments. I do ask,
however, that all comments be submitted by May 18, 2007. Thanks for your continued participation in the Lower Saluda
IFIM Study.

Shane Boring

Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Lower Saluda IFIM
Mesohab Asse...
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Kacie Jensen

Subject: Conference Call to Discuss Lower Saluda River Self-sustaining Trout White Paper
Location: Via Conference Line

Start: Wed 5/23/2007 9:30 AM
End: Wed 5/23/2007 10:30 AM
Show Time As: Tentative

Recurrence: (none)

Meeting Status: Not yet responded

Required Attendees: Fish & Wildlife TWC - IFIM/Aquatic Habitat

Saluda Trout Paper
DRAFT 2006-...

Hello All:

We would like to convene a conference call in the near future to discuss and hopefully finalize the draft white paper
discussing the potential for a self-sustaining/reproducing trout fishery in the Lower Saluda River (attached). As you may
remember, the draft white paper was issued via e-mail on 11/6/2006. No major comments were received, and we want to
go ahead and finalize the report as soon as possible. Thanks and please let us know of your availability for the above date
and time.

Thanks,
Shane Boring

Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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Kacie Jensen

From: Shane Boring
Sent: Friday, April 20, 2007 11:04 AM
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; Dick Christie; Gerrit Jobsis

(American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover; Malcolm Leaphart; Mike
Waddell; Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; Randy Mahan;
Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Brandon Kulik; Alan Stuart

Subject: Saluda Instream Flow Study: Brown Trout Habitat Suitability Information

All:

As you may remember, the Instream Flow TWC met via conference call last Tuesday (May 10) and selected substrate
Habitat Suitability Criteria for a number of target species and lifestages (smallmouth bass and brown and rainbow trout).
At that conference call, the group reached consensus on source substrate for all the lifestages discussed, with the
exception of brown trout juveniles, spawning and fry. HSC criteria were not selected for these lifestages due to limited
source study information (i.e. only the Raleigh et al. "Blue Book" values were available). At the request of Mike Waddell
and others, included below are the substrate HSC criteria used for the Catawba-Wateree Study (originally developed for
the Tuckaseegee and Nantahala IFIM Studies), along with a legend that describes the substrate codes. To facilitate
closing out the HSC selection process, please provide feedback regarding the acceptability of these curves versus the
Raleigh at al. curves by COB next Friday, April 27th. When providing feedback, please use the "reply to all" option so that
we can maintain an open forum.

Many thanks to Dick Christie for getting in touch with the original authors to acquired the legends needed to interpret the
Catawba-Wateree data. The graphs included below are excerpted from the final Catawba-Wateree IFIM report (Page
250).

Thanks and have a good weekend,
Shane Boring

Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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Kacie Jensen

From: Shane Boring
Sent: Tuesday, April 10, 2007 4:57 PM
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; Brandon Stutts ; Buddy

Baker ; Dick Christie; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle
Subject: Saluda Hydro Relicense: Lake Murray Waterfowl Surveys -- 2006-07 Draft Report

Dear Terrestrial Resources TWC Members:

Attached for your review is the draft report summarizing the waterfowl survey performed by Savannah River Ecology Lab
on Lake Murray during the 2006-2007 waterfowl season. Please provide comment on the draft report, preferably in MS
Word track changes, by April 24th, 2007. Thanks for your interest in the Lake Murray waterfowl surveys.

Shane Boring
Kleinschmidt Associates

SREL Waterfowl
Report 2006-07(...
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Kacie Jensen

From: Prescott Brownell [Prescott.Brownell@noaa.gov]
Sent: Monday, April 02, 2007 11:08 AM
To: Shane Boring
Cc: Theresa Thom; Alison Guth; Amanda Hill; BARGENTIERI@scana.com; Bud Badr; Dick

Christie; Gerrit Jobsis (American Rivers); Hal Beard; Jennifer Hand; Jim Glover; Malcolm
Leaphart; Mike Waddell; mquattlebaum@scana.com; RMAHAN@scana.com; Ron Ahle; Scott
Harder; Steve Summer; Brandon Kulik; Alan Stuart; Cheryl Balitz; balesw@dnr.sc.gov; Bill
East; Bill Hulslander; Bill Marshall; Bob Perry; bseibels@yahoo.com; Charlene Coleman;
Daniel Tufford; Ed Diebold; George Duke; Gina Kirkland; Jeff Duncan; Jennifer O'Rourke; Jim
Goller; Joe Logan; Joy Downs; turnerle@dhec.sc.gov; laura.mccary@gmail.com; Mark Leao;
Mike Sloan; Norman Ferris; Patrick Moore; Ralph Crafton; rbull@davisfloyd.com; Robert
Lavisky; Sam Drake; Steve Bell; Steve Leach; Suzanne Rhodes; tbowles@scana.com

Subject: Re: Saluda Hydro Relicense: 1/22/2007 Instream flow/Aquatic Habitat TWC Final Meeting
Notes

Sturgeon Model
Draft March 03....

Atlantic Sturgeon
Model.xls (2...

Revised SNS
Model.xls (27 KB)

prescott.brownell.v
cf (401 B)

Hello Shane and team,
The notes state that you had been unable to contact me regarding
shortnose sturgeon model curves and their applicability to the Saluda.
I sent a copy of the most recent shortnose and Atlantic sturgeon model
in February, and a draft earlier version with the same curves in October
??. The curves should be well adapted for use in the Saluda River.
Attached is another copy of the sturgeon model just in case.

Call if you have questions..

PB

Shane Boring wrote:
>
> All:
>
> Attached for your records are the final meeting notes from the January
> 22nd, 2007, meeting of the Instream Flow / Aquatic Habitat TWC.
> Thanks to all who provided comments. As always, the notes will be
> posted to the relicensing website.
>
> Have a good weekend,
> Shane Boring
>
>
> <<2007-01-22 Instream Flow TWC meeting notes(final).pdf>>
>
> Cheryl:
>
> Could you please post these to the website under Fish and Wildlife
> RCG, Instream Flow TWC. Thanks.
>
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Spawning Habitat Suitability Index Models
And Instream Flow Suitability Curves

Model I: Shortnose Sturgeon
Model II: Atlantic Sturgeon

Southeastern Atlantic Coast River Basins

Draft
March 12, 2003

Edited by:

Prescott H. Brownell

Fishery Biologist

National Marine Fisheries Service

Charleston, South Carolina
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PREFACE

The information and suitability curves presented in this draft model are intended for use
in evaluating instream habitat conditions, employing Habitat Evaluation Procedures (HEP)
and/or the Instream Flow Incremental Methodology (IFIM). The IFIM curves for Atlantic
sturgeon and shortnose sturgeon presented are project team modifications of the original model
for shortnose sturgeon that was prepared by Crance (1986) 1. As noted by Crance in the original
documentation, the SI curves were intended as starting points for users of HEP or IFIM to
develop their own curves and relationships, in response to project-specific conditions and needs.
Since publication of the original model in 1986 considerable research has been conducted on
shortnose sturgeon, and to a lesser degree Atlantic sturgeon behavior and habitat preferences, as
well as historic distribution and habitat use in northeastern and southeastern habitats. The
information and curves presented are hypotheses of species-habitat relationships, not statements
of proven cause and effect relationships. Further, the model relationships and outputs are
intended to aid in the assessment of impacts, and design of potential instream flow mitigation
features and recommendations. The fishery biologists using these relationships will need to
make project specific recommendations whether or not an IFIM model is available. It is hoped
that this model will aid their efforts and promote consensus in management decisionmaking.

SHORTNOSE AND ATLANTIC STURGEON
SPAWNING HABITAT MODELS

HABITAT USE INFORMATION, Southeastern Rivers

General
Sturgeon are known to have ascended major southeastern river basins such as the St.

Johns, St. Mary's, Altamaha, Ogeechee, Savannah, Edisto, Santee, Pee Dee, Neuse, and
Roanoke to riverine habitats well past the limit of the coastal plain, based on historic accounts
(Goode, 18872, and Bowers, 18963). Because of the fact that sturgeon data in historic accounts
did not distinguish between shortnose and Atlantic sturgeon, it is impossible to acertain if there
were differences in distribution (river ascent) between the species. The assumption is made that
sturgeon of both species were capable of moving upstream as far as hydraulic conditions would
allow, and in all probability did migrate upstream well into the piedmont in larger river systems.
Sturgeon stocks have declined drastically since the mid 19th century due to overfishing, habitat
degradation, and to blockage of access to primary spawning habitats by dams on many rivers. An
additional factor contributing to the decline of sturgeon species may be alteration of natural
instream flows due to water diversions, hydropower operations, and related impacts on sturgeon
spawning behavior due to non-natural fluctuations in flows during spawning periods. Based on
the consensus opinion of the model development team, optimal spawning habitat conditions were
generally present in rocky shoal and rock outcrop habitats in major rivers of the east. These
shoal habitats are generally present at the moderate to high gradient transition between coastal
plain and piedmont physiographic provinces, and at other locations well into the piedmont
sections of these rivers. In nearly all cases, such habitats have been blocked by major
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hydropower and navigation dams and are no longer accessible to spawning sturgeon. Limited
spawning and recruitment may be possible in other riverine habitats, possibly accounting for the
presence of small remnant populations of sturgeon in some rivers such as the Altamaha,
Savannah, Santee, Pee Dee, and Neuse.
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MODEL I: SHORTNOSE STURGEON (Acipenser brevirostrum)

Modified IFIM Spawning Habitat Suitability Curves for Shortnose Sturgeon

The following variables and relationships are considered important for assessment of shortnose
sturgeon spawning habitat quality, and related evaluation of impacts due to changes in substrate,
water velocity, temperature, and depth. The overall habitat suitability value expressed in this
model is simply the lowest of the four individual Suitability Index (SI) values. Figures identified
below are the attached excel files.

V1. Water Velocity, spawning and incubation. Measured as mean water column velocity in
Meters per second. Figure 1 displays a table of data values and corresponding SI value
relationships.

V2. Depth, spawning, incubation. Figure 2 displays a table of data values and SI
relationships. The depth vs. SI values are estimated to represent minimum suitable depths for
spawning adults assuming that access to these depths is not obstructed by habitat features further
downstream.

V3. Substrate, spawning and incubation. This habitat variable is intended to capture
behavioral preferences of spawning adults and habitat conditions for eggs during the incubation
period prior to the first downstream migration of larvae. Factors such as oxygenation, substrte
embeddedness, available egg attachment sites, and protection of eggs from other predators are
hypothesized to be available in gravel, and cobble gravel substrates. Bedrock typically is
interspersed with pockets of cobble and gravel, and may also contain fissures and microhabitat
features that provide cover and well oxygenated sites for egg maturation. Figure 3 displays a
table of data values and SI relationships

V4. Temperature, spawning. The SI values and relationships to temperature are based on
literature and consensus of the model review team. Figure 4 displays a table of values and SI
relationships.

The overall SI value for shortnose sturgeon spawning habitat is represented by the lowest
individual variable si value.

SI = the lowest of: V1 si, V2 si, V3 si, V4 si.
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MODEL II: ATLANTIC STURGEON (Acipenser oxyrinchus)

IFIM Habitat Suitability Curves for Spawning Atlantic Sturgeon

The following variables and relationships are considered important for assessment of Atlantic
sturgeon spawning habitat quality, and related evaluation of impacts due to changes in substrate,
water velocity, temperature, and depth. Figures referenced below are the attached excel files.

V1. Water Velocity, spawning and incubation. Measured as mean water column velocity in
meters per second. Figure 1 presents a table of data values and SI relationships

V2. Depth, spawning, incubation. The depth vs. SI values are estimated to represent minimum
suitable depths for spawning adults assuming that access to these depths is not obstructed
by habitat features further downstream. The depth relationships are based on the
hypothesized minimum depths for spawning age Atlantic sturgeon. Figure 2 displays
variable relationships.

V3. Substrate, spawning and early incubation. This habitat variable is intended to capture
behavioral preferences of spawning adults and habitat conditions for eggs during the
incubation period prior to the first downstream migration of larvae. The curve and data
values for Atlantic sturgeon are based on the model for shortnose sturgeon, assuming
similar habitat preferences and conditions are required. Factors such as oxygenation,
substrate embeddedness, available egg attachment sites, protection of eggs from other
predators, light intensity, solar warming…are hypothesized to be available in gravel,
boulder, and cobble gravel substrates. Bedrock typically is interspersed with pockets of
cobble and gravel, and may also contain fissures and microhabitat features that provide
cover and well oxygenated sites for egg maturation. Figure 3 displays a table of data
values and SI relationships

V4. Temperature, spawning. The SI values and relationships to temperature are based on the
generally later upstream spawning movement of Atlantic sturgeon, compared with the
shortnose sturgeon. Figure 4 displays a table of values and SI relationships.

The overall SI value for Atlantic sturgeon spawning habitat is represented by the lowest
individual variable si value.

SI = the lowest of: V1si, V2 si, V3 si, V4 si



7

REFERENCES

Crance, J.H. 1986. Habitat suitability index models and instream flow suitability
curves: shortnose sturgeon. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.129). 31 pp.

Dadswell, M.J., B.D. Taubert, T.S. Squiers, D. Marchette, and J. Buckley. 1984.
Synopsis of biological data on shortnose sturgeon, Acipenser brevirostrum LeSeur 1818.
Food and Agricultural Organization of the United Nations Fishery Synopsis 140
(NMFS/S 140). 45 pp.

Kynard, B. 1997. Life history, latitudinal patterns, and status of the shortnose sturgeon,
Acipenser brevirostrum. Env. Biol. Fish: 48:319-334.



Atlantic Sturgeon
V2: Depth, spawning and incubation.
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Shortnose Sturgeon IFIM Curves
Revised Shortnose Sturgeon Spawning Habitat Model
V1: Water velocity, spawning and incubation. Measured as mean water column velocity in meters per second.
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V1: Water velocity, spawning and incubation. Measured as mean water column velocity inmeters per second.
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Kacie Jensen

From: Shane Boring
Sent: Wednesday, March 07, 2007 11:52 AM
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; Brandon Stutts ; Buddy

Baker ; Dick Christie; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle
Subject: Lake Murray Waterfowl Surveys

2006-2007 Lake
Murray Waterfow...

2006-2007 Lake
Murray Waterfow...

Dear Terrestrial Resources TWC Members:

The Lake Murray waterfowl survey for the 2006-2007 season are complete (see attached data
summaries). Observations during the mid-February survey were similar to those in January,
with scaup being the most abundant species observed. The data suggests that most ducks
had cleared out by the February 27th survey. One interesting note was the observation of
two mute swans during the February 19th survey. The final report from SREL should be
forthcoming sometime around the first of April. Thanks for your continued interest in the
Lake Murray waterfowl surveys.

Thanks,
Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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Kacie Jensen

From: Amanda_Hill@fws.gov
Sent: Tuesday, February 13, 2007 3:23 PM
To: Jennifer Summerlin
Cc: Alan Stuart
Subject: Re: FW: Saluda Relicensing: Saluda Hydro Fish Entrainment/Turbine Mortality Report

Saluda Hydro
Entrainment-Morat...

Saluda Hydro
Entrainment-Morat...

Mortality
Database.pdf (301 KB...

Jenny,

Attached are some comments to the Entrainment/Mortality Study in track changes. In
addition I have the following questions.

1. In addition to the "With and Without Filter" can you determine and develop a Table
with the percentage of Entrained/Killed between units 1-4 and 5.

2. How does this study consider the unique circumstance at Lake Murray of the dissolved
oxygen stratification in the summer/fall near the dam in front of unit #5?

3. Why are August and October flows considered in relation to the filters?

4. What might proposed mitigation include?

(See attached file: Saluda Hydro Entrainment-Moratlity Report 2007-1-29
(JMS)draft_FWS_comments.doc)

Amanda Hill
Fisheries Biologist
U.S. Fish and Wildlife Service
176 Croghan Spur Rd., Suite 200
Charleston, SC 29407
843-727-4707 ext. 303
843-727-4218 fax
amanda_hill@fws.gov

*NOTE NEW PHONE EXTENSION*

"Our mission is working with others to conserve, protect, and enhance fish, wildlife and
plants and their habitats for the continuing benefit of the American people."

"Jennifer
Summerlin"
<Jennifer.Summerl To
in@KleinschmidtUS <balesw@dnr.sc.gov>, "Amanda Hill"
A.com> <amanda_hill@fws.gov>, "Bill

Argentieri"
02/12/2007 01:14 <bargentieri@scana.com>, "Hal
PM Beard" <beardh@dnr.sc.gov>, "Jim

Glover" <GloverJB@dhec.sc.gov>,
"Randy Mahan" <rmahan@scana.com>,
"Shane Boring"
<shane.boring@kleinschmidtusa.com>,
<tbowles@scana.com>, "Alan Stuart"
<Alan.Stuart@KleinschmidtUSA.com>

cc
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Table C-2: Fish Entrainment at the Ninety-Nine Islands Project Based on Hydroacoustic
Sampling During February - December of 1990

MONTH
DAYS

SAMPLED

HOURLY
ENTRAINMENT

RATE

TOTAL HOURS
OF TURBINE
OPERATION

PROJECTED
NUMBER OF FISH

ENTRAINED

January No Data Used Feb = 0.4 3,140 1,256

February 13 0.4 3,656 1,487

March 13 4.6 3,937 18,150

April 9 4 3,362 13,474

May 7 12.8 2,862 36,701

June 15 11 1,708 18,722

July 15 5.9 1,655 9,838

August 9 14.8 1,489 22,037

September 12 8 1,357 10,788

October No Data
Ave. of Sept. and
Nov. rates = 13.2

2,605 34,386

November 9 18.4 2,064 37,936

December No Data Feb. rate = 0.4 2,026 810

TOTAL 101 days Mean =6.9 fish/hr 29,861 hrs 205,585 fish
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2.0 GASTON SHOALS

Hydroacoustic and full recovery netting were performed on Unit 6 (a 2.5 MW vertical

Francis-type turbine) of the Gaston Shoals Hydroelectric project during January - December of

1990.

2.1 Full Recovery Entrainment Netting

Full recovery entrainment netting was performed on Unit 6 of the Gaston Shoals

project during the daylight (0800 - 1600) and the nighttime hours (2000 - 0400). Netting

was performed on a monthly basis with a 2 hour sample taken 4 times a day (one 24 hr

period) once per month yielding a total of 64 (32 daytime and 32 nighttime) sampling

hours for the year (Table 3). "Initial and steady-state", daytime, and nighttime sampling

was performed, but no apparent trends were observed; therefore all monthly netting data

was combined to yield a total number of fish (by species) entrained per hour of sampling.

Monthly netting efficiencies were calculated and each monthly data set was corrected for

net losses. The total number of fish entrained by month was determined by totaling the

number of generation hours for each of the three operational turbine units at the project

and multiplying by the monthly entrainment netting rate. The sum of the estimated

monthly entrainment yields a total estimated annual entrainment of 156,619 fish for the

project. Investigators indicated that these estimates may be inflated due to suspected net

intrusion in the tailrace collections.

2.2 Hydroacoustic Entrainment Sampling

Hydroacoustic sampling was performed on Unit 6 of the Gaston Shoals on a

monthly basis during both daytime and nighttime project operation with a total of 112

days of data collected (Table 4). Fish entrainment is reported as the number of fish

entrained per hour of sampling. Reported monthly rates are the mean of all hourly

sampling rates for the collection month. The total number of fish entrained by month was
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determined by totaling the number of generation hours for each of the three turbine units

at the project and multiplying by the monthly hydroacoustic entrainment rate for Unit 6.

The sum of the monthly fish entrainment estimates yields a total estimated annual

entrainment of 91,753 fish for the project. Based on background noise levels, it was

calculated that the smallest fish target "acoustically visible" was 100 mm in length. By

comparing simultaneous netting and hydroacoustic samples, it was determined that there

was no acceptable correlation between the entrainment netting estimates and the

hydroacoustic entrainment estimates for the Gaston Shoals project.
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Table C-3: Entrainment Netting Recovery Data Collected at the Gaston Shoals Project
During February - December of 1990

MONTH
HOURS

SAMPLED

HOURLY
ENTRAINMENT

RATE

TOTAL
HOURS OF
TURBINE

OPERATION

PROJECTED
NUMBER OF FISH

ENTRAINED

January No Data Ave. of Dec. and
Feb. rates = 2.9

2,021 5,859

February 8 3.3 2,012 6,639

March 8 1.4 2,224 3,113

April 8 11.5 2,152 24,749

May 8 3.4 2,182 7,418

June 8 20.9 1,568 32,773

July No Data June rate = 20.9 1,382 28,882

August No Data June rate = 20.9 1,260 26,334

September 8 9.0 1,080 9,720

October No Data
Ave. of Sep. and
Nov. rates = 5.6

1,352 7,569

November 8 1.0 1,253 1,255

December 8 1.3 1,776 2,308

TOTAL 64 hrs Mean = 7.7 fish/hr 20,262 hrs 156,619 fish
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Table C-4: Fish Entrainment at the Gaston Shoals Project Based on Hydroacoustic
Sampling During February - December of 1990

MONTH
DAYS

SAMPLED

HOURLY
ENTRAINMENT

RATE

PROJECT
TURBINE

OPERATION

PROJECTED
NUMBER OF

FISH
ENTRAINED

January 8 8.5 2,021 17,199

February 10 2.3 2,012 4,628

March 5 3.6 2,224 7,984

April 8 2.7 2,152 5,875

May 13 0.3 2,182 715

June 15 10.5 1,568 16,495

July 16 2.5 1,382 3,455

August 6 1.4 1,260 1,701

September 9 1.8 1,080 1,948

October 6 5.2 1,352 7,059

November 16 8.0 1,253 10,042

December No Data
Ave of Nov.& Jan.

rates = 8.25
1,776 14,652

TOTAL 112 days Mean = 4.5 fish/hr 20,262 hrs 91,753 fish
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3.0 NEAL SHOALS

Hydroacoustic and full recovery netting were performed on Unit 3 (1.1 MW horizontal

Francis-type turbine) of the Neal Shoals Hydroelectric project during February 1991 through

January 1990.

3.1 Full Recovery Entrainment Netting

Full recovery entrainment netting was performed on Unit 3 of the Neal Shoals

project during the daylight hours (0600 - 1200 or 1600 - 2200 hrs). During each netting-

month, a 6 hour sample taken once a day for 2 consecutive days per month (12

hrs/month). There were six successful netting events during March, May, June, August,

October, and December yielding a total of 45.75 sampling hours for the year (Table 5).

Entrainment netting collection efficiencies were determined for fish < 100 mm (96%) and

for fish > 100 mm (71%). Reported entrainment rates were not corrected for these net

losses but assumed 100% net efficiency. The total number of fish entrained annually was

determined by totaling the number of generation hours for each of the four operational

turbine units at the project and multiplying by the mean annual entrainment netting rate

of 13.7 fish/hr. Based on the annual project operation time of 19,819.3 hours, the

estimated annual entrainment for the project was 271,524.4 fish.

Discussions with Gerrit Jöbsis (South Carolina Department of Natural Resources)

determined that the netting rates were adjusted for a 73% netting recovery rate which

increased the annual entrainment rate to 345,510 fish for the project.

3.2 Hydroacoustic Entrainment Sampling

Hydroacoustic entrainment sampling was performed on Unit 3 of the Neal Shoals

project on a monthly basis during both daytime and nighttime project operation. The

hydroacoustic data was analyzed through July of 1991 with poor or no correlation with
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the entrainment netting data. Based on these results, the number of fish entrained at the

site was based solely on entrainment netting.
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Table C-5: Entrainment Netting Recovery Data Collected at the Neal Shoals Project
During March - December of 1991

MONTH HOURS
SAMPLED

NUMBER OF
FISH

COLLECTED

INITIAL
HOURLY

ENTRAINMENT
RATE

ADJUSTED
HOURLY

ENTRAINMENT
RATE

PROJECTED
NUMBER OF

FISH
ENTRAINED

January NA ------- NA NA
February NA ------- NA NA
March 10.25 171 16.7 21.2
April NA ------- NA NA
May 11 259 23.5 29.9
June 3 58 19.3 24.5 Project
July NA ------- NA NA Operation =
August 10 109 10.9 13.8 19819.3 hrs
September NA ------- NA NA times the annual
October 0.5 5 10.0 12.7 entrainment rate
November NA ------- NA NA of 17.4 fish/hr =
December 11 25 2.3 2.9

TOTAL 45.75 hrs 627 fish Mean = 13.7
fish/hr

Mean = 17.4
fish / hr

345,510
fish/yr
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4.0 SALUDA STATION

Hydroacoustic and full recovery netting were performed on Unit 1 (a 0.6 MW horizontal

twin-runner Francis-type turbine) of the Saluda Station project during January - December of

1990 and January of 1991.

4.1 Full Recovery Entrainment Netting

Full recovery entrainment netting was performed on Unit 1 of the Saluda Station

project during the daylight hours of 0800 - 1700 hrs. Netting was performed on a

monthly basis with a 2 hour sample taken 2 times a day for 2 consecutive days per month

(8 hrs/month) yielding a total of 48 sampling hours for the year (Table 6). "Initial and

steady-state" sampling was performed, but no apparent trends were observed; therefore

all the monthly netting data was combined to yield a total number of fish (by species)

entrained per hour of sampling. Monthly netting efficiencies were calculated and each

monthly data set was corrected for net losses. The total number of fish entrained by

month was determined by totaling the number of generation hours for each of the four

operational turbine units at the project and multiplying by the monthly entrainment

netting rate. The sum of the estimated monthly entrainment for 9 months of operation

yields a total estimated entrainment of 87,274 fish for the project. Investigators

indicated that these estimates may be inflated due to suspected net intrusion in the tailrace

collections.

4.2 Hydroacoustic Entrainment Sampling

Hydroacoustic entrainment sampling was performed on both Unit 1 and Unit 2 of

the Saluda Station project a monthly basis during both daytime and nighttime project

operation with a total of 1587 hours of data collected over 95 days (Table 7). Unit 1 was

sampled during January through October 1990 and Unit 2 was sampled during November

of 1990 through January of 1991. Fish entrainment is reported as the number of fish
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entrained per hour of sampling. Reported monthly rates are the mean of all hourly

sampling rates for the collection month. The total number of fish entrained by month was

determined by totaling the number of generation hours for each of the four turbine units

at the project and multiplying by the monthly hydroacoustic entrainment rate for either

Unit 1 or Unit 2. The sum of the monthly fish entrainment estimates yields a total

estimated annual entrainment of 31,811 fish for the project. Based on background noise

levels, it was calculated that the smallest fish target "acoustically visible" was 100 mm in

length. By comparing simultaneous netting and hydroacoustic samples, it was

determined that there was limited agreement between the entrainment netting estimates

and the hydroacoustic entrainment estimates for the Saluda Station project.
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Table C-6: Entrainment Netting Recovery Data Collected at the Saluda Hydroelectric
Project During January - December of 1990

MONTH
HOURS

SAMPLED

HOURLY
ENTRAINMENT

RATE

TOTAL
HOURS OF
TURBINE

OPERATION

PROJECTED
NUMBER OF FISH

ENTRAINED

January No Data Dec. rate = 6.2 1917 11,885

February No Data Dec. rate = 6.2 2244 13,913

March No Data No estimate 2238 ---------

April No Data No estimate 1963 ---------

May No Data No estimates 1624 ---------

June 8 11.6 1097 12,725

July No Data
Ave. of June & Aug.

rates = 9.3 855 7,952

August 8 6.7 780 5,226

September 8 6.3 720 4,536

October 8 14.5 1350 19,575

November 8 5.5 932 5,126

December 8 6.2 1022 6,336

TOTAL 48 hrs Mean = 5.2 fish/hr 16742 87,274 fish

Adjusted for 9 months of
sampling

Mean = 8.0 fish/hr 10,917 87,274 fish
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Table C-7: Fish Entrainment at the Saluda Hydroelectric Project Based on
Hydroacoustic Sampling During January 1990 to January of 1991

MONTH
DAYS

SAMPLED

HOURLY
ENTRAINMENT

RATE

TOTAL
HOURS OF
TURBINE

OPERATION

PROJECTED
NUMBER OF FISH

ENTRAINED

January 4 1.1 1,917 2,032
February 4 0.0 2,244 0
March 12 0.6 2,238 1,388
April 23 0.8 1,963 1,570
May 1 0.4 1,624 585
June 9 0.8 1,097 823
July No Data 3.3 855 2,822
August 4 5.8 780 4,547
September 2 2.3 720 1,663
October 9 7.7 1,350 10,449
November 2 5.1 932 4,716
December 11 1.2 1,022 1,216
January 14 3.0 No Data No Data

TOTAL 95 days Mean = 2.4 fish/hr 16,742 31,811 fish



- C-16 -

5.0 HOLLIDAYS BRIDGE

Hydroacoustic and full recovery netting were performed on Unit 3 (a 0.9 MW horizontal

triple-runner Francis-type turbine) during January - December of 1990 and on Unit 2 during

April - June of 1992 of the Hollidays Bridge Hydroelectric project.

5.1 Full Recovery Entrainment Netting

Full recovery entrainment netting was performed on Unit 3 of the Hollidays

Bridge project during the daylight hours of 0800 - 1700 hrs. Netting was performed on a

monthly basis with a 2 hour sample taken 2 times a day for 2 consecutive days per month

(8 hrs/month) yielding a total of 40 sampling hours for the year (Table 8). "Initial and

steady-state" sampling was performed, but no apparent trends were observed; therefore

all the monthly netting data was combined to yield a total number of fish (by species)

entrained per hour of sampling. Monthly netting efficiencies were calculated and each

monthly data set was corrected for net losses. The total number of fish entrained by

month was determined by totaling the number of generation hours for each of the four

operational turbine units at the project and multiplying by the monthly entrainment

netting rate. The sum of the estimated monthly entrainment for 5 months of project

operation yields a total estimated entrainment of 28,489 fish for the project.

To satisfy a FERC AIR, additional entrainment net sampling was performed

during April - June of 1992 to fill in missing months of project entrainment. Unit 2 was

sampled during this period using the same sampling methodology employed during the

1990 studies. The similarities between the configuration of Unit 3 and Unit 2 were

deemed appropriate to assume similar entrainment rates. A total of 32 hours of

entrainment netting were performed during the 1992 study bringing the total project

entrainment netting to 72 hrs. The total estimated annual fish entrainment of 112,345 fish

is based on project operation hours during 1992. Investigators indicated that these

estimates may be inflated due to suspected net intrusion in the tailrace collections.
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5.2 Hydroacoustic Entrainment Sampling

Hydroacoustic entrainment sampling was performed on a monthly basis during

January, February, and September - December of 1990 with a total of 720 hours of data

collected over 38 days (Table 9). Unit 1 was sampled during January - October 1990 and

Unit 2 was sampled during November of 1990 - January of 1991. Fish entrainment is

reported as the number of fish entrained per hour of sampling. Reported monthly rates

are the mean of all hourly sampling rates for the collection month. The total number of

fish entrained by month was determined by totaling the number of generation hours for

each of the three turbine units at the project and multiplying by the monthly

hydroacoustic entrainment rate for Unit 1 or Unit 2. The sum of the monthly entrainment

estimates yields an estimated entrainment of 14,330 fish for 8 months of project

operation. Based on background noise, it was calculated that the smallest fish target

"acoustically visible" was 100 mm in length. There was no report of additional

hydroacoustics sampling performed in 1992. This is probably due to the limited

agreement between the entrainment netting estimates and the hydroacoustic entrainment

estimates for the Hollidays Bridge project.
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Table C-8: Entrainment Netting Recovery Data Collected at the Hollidays Bridge
Project During January - December of 1990 and April-June of 1992

MONTH
HOURS

SAMPLED

HOURLY
ENTRAINMENT

RATE

HOURS OF
TURBINE

OPERATION
(1992)

PROJECTED
NUMBER OF FISH

ENTRAINED

January NA Dec. rate = 3.8 1,468 5,578

February 8 1.4 1,419 1,987

March (92) 8 11.1 1,475 16,373

April (92) 8 6.3 1,382 8,707

May (92) 8 19.9 1,290 25,671

June (92) 8 12.1 1,179 14,266

July NA June rate = 12.1 1,015 12,282

August NA June rate = 12.1 941 11,386

September 8 4.9 751 3,680

October 8 5.3 729 3,864

November 8 2.1 845 1,775

December 8 5.6 1,210 6,776

TOTAL 72 hrs Mean = 8.2 fish/hr 13,704 112,345 fish
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Table C-9: Fish Entrainment at the Hollidays Bridge Project Based on Hydroacoustic
Sampling During January 1990 to January of 1991

MONTH
DAYS

SAMPLED

HOURLY
ENTRAINMENT

RATE

TOTAL
HOURS OF
TURBINE

OPERATION

PROJECTED
NUMBER OF FISH

ENTRAINED

January 9 0.3 1,749 507

February 13 0.3 2,102 631

March No Data Feb. rate = 0.3 1,179 354

April No Data ND 0 0

May No Data ND 0 0

June No Data ND 0 0

July No Data ND 0 0

August No Data 1.3 475 618

September 4 1.4 782 1,103

October 2 1.2 1,312 1,561

November 6 4.8 852 4,124

December 4 5.3 1,023 5,432

TOTAL 38 days Mean = 1.5 fish/hr 9,474 hrs 14,330 fish
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6.0 RICHARD B. RUSSELL

Full recovery netting was performed on Unit 5 (an 80MW Francis-type turbine) at the

Richard B. Russell Project.

6.1 Full Recovery Entrainment Netting

Full discharge recovery netting was performed during conventional generation on

Unit 5 of the Richard B. Russell Project as part of a mid-1980s study to analyze the

effects of pumpback turbines on the fisheries of Lakes Russell and Thurmond. Sampling

was conducted over a full 12-month cycle. Entrainment was dominated by threadfin shad

(87.3%), blueback herring (6.6%), and yellow perch (4.2%). Entrainment rates from the

Richard B. Russell entrainment study were presented by month and species. For the

purpose of summarizing this study, Table 10 presents the average entrainment rate by

month and Table 11 presents the average annual entrainment rate for each entrained fish

species.
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Table C-10: Monthly Average Entrainment Rates for the Richard B. Russell Project
Conventional Generation Netting Study

MONTH ENTRAINMENT RATE
(FISH/HR)

January 1,458.22
February 7,251.67
March 224.91
April 251.83
May 108.46
June 71.63
July 101.21
August 269.67
September 127.45
October 91.64
November 556.56
December 228.72
AVERAGE 894.23
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Table C-11: Mean Annual Entrainment Rates of Fish Entrained During Conventional
Generation Netting at the Richard B. Russell Project

NAME MEAN ANNUAL
threadfin shad 781.363
blueback herring 58.397
yellow perch 36.635
white catfish 6.354
bluegill 2.939
white perch 2.080
black crappie 2.010
channel catfish 0.613
spottail shiner 0.379
white crappie 0.378
carp 0.265
gizzard shad 0.159
warmouth 0.085
yellow bullhead 0.084
flathead catfish 0.062
hybrid bass 0.060
black bullhead 0.036
spotted bass 0.026
green sunfish 0.016
striped bass 0.015
snail bullhead 0.014
golden shiner 0.013
largemouth bass 0.012
redbreast sunfish 0.012
silver redhorse 0.012
tesselated darter 0.010
blackbanded darter 0.007
whitefin shiner 0.007
longnose gar 0.007
rainbow trout 0.006
walleye 0.006
smallmouth bass 0.005
northern hogsucker 0.004
white bass 0.004
Coosa bass 0.001
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Table C-12: Richard B. Russell Fish Entrainment Species Composition (by Percent)

COMMON NAME JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Northern Hogsucker 0.0000 0.0000 0.0000 0.0000 0.0000 0.0726 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Silver Redhorse 0.0000 0.0000 0.0000 0.0047 0.0739 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0200
Black Crappie 0.0244 0.0023 0.1062 0.3718 5.2876 17.4898 1.8707 0.7093 0.0000 0.0000 0.0635 0.0400
Coosa Bass 0.0000 0.0000 0.0000 0.0000 0.0148 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Largemouth Bass 0.0023 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0215 0.0970 0.0000 0.0000
Smallmouth Bass 0.0000 0.0000 0.0000 0.0216 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Spotted Bass 0.0000 0.0000 0.0000 0.0000 0.0000 0.0693 0.0000 0.0801 0.0000 0.0000 0.0086 0.0000
White Crappie 0.0000 0.0000 0.0000 1.1535 0.0708 1.6104 0.0564 0.1290 0.0000 0.0000 0.0000 0.0000
Blueback Herring 10.0929 3.5211 21.2217 29.5016 41.1762 30.8363 8.5071 24.1845 5.2183 24.1518 0.7930 1.0700
Gizzard Shad 0.0078 0.0009 0.0583 0.0420 0.0000 0.0665 0.4962 0.0701 0.1628 0.3686 0.0225 0.0400
Threadfin Shad 86.7983 95.5201 17.0483 17.0313 1.6977 15.1388 64.4096 66.4364 78.3285 28.0236 94.9874 83.7000
Carp 0.0000 0.0000 0.0000 0.0619 0.0303 0.2377 0.9427 0.0494 0.0861 1.7073 0.0000 0.0300
Golden Shiner 0.0034 0.0000 0.0000 0.0436 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Spottail Shiner 0.0572 0.0060 0.5785 0.4113 0.3082 0.1868 0.0000 0.0000 0.0000 0.0000 0.0000 0.2300
Whitefin Shiner 0.0000 0.0000 0.0000 0.0080 0.0000 0.0000 0.0606 0.0000 0.0000 0.0000 0.0000 0.0000
Walleye 0.0000 0.0009 0.0000 0.0117 0.0000 0.0000 0.1691 0.0000 0.0000 0.0000 0.0000 0.0000
Black Bullhead 0.0000 0.0000 0.0160 0.0963 0.0000 0.2065 0.0000 0.2615 0.0000 0.0000 0.0000 0.0000
Brown Bullhead 0.0000 0.0000 0.0160 0.0000 0.1289 0.0813 2.3746 0.0000 5.8122 0.9271 0.0319 6.1400
Channel Catfish 0.0138 0.0015 0.0000 0.0262 0.5256 0.0813 0.0751 0.2293 0.2066 0.0970 0.8373 0.1100
Flathead Catfish 0.0000 0.0000 0.0000 0.0114 0.0000 0.0000 0.0000 0.0000 0.0000 0.0970 0.0915 0.0500
Snail Bullhead 0.0000 0.0000 0.0000 0.0000 0.0000 0.0707 0.0000 0.0000 0.0000 0.0000 0.0000 0.0500
White Catfish 0.1101 0.0246 0.4023 0.2249 0.7180 1.0050 1.1070 1.4991 5.0192 39.8065 2.6459 3.8000
Yellow Bullhead 0.0244 0.0000 0.0000 0.0000 0.0000 0.0000 0.6421 0.0000 0.0000 0.0000 0.0000 0.0000
Longnose Gar 0.0023 0.0000 0.0000 0.0000 0.0000 0.0665 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Hybrid Bass 0.0033 0.0000 0.1070 0.0808 0.1328 0.0000 0.0000 0.0000 0.0000 0.0000 0.0150 0.0000
Striped Bass 0.0000 0.0000 0.0301 0.0346 0.0271 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
White Bass 0.0000 0.0000 0.0151 0.0058 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
White Perch 0.0000 0.0090 0.8298 4.7006 9.1373 0.9421 0.0706 0.0000 0.0441 0.0000 0.0391 0.0000
Blackbanded Darter 0.0000 0.0018 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tesselated Darter 0.0000 0.0000 0.0000 0.0000 0.1059 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Yellow Perch 2.7780 0.9028 59.0916 41.4511 38.7012 28.7646 15.6773 3.1601 2.6820 3.1278 0.3424 4.3600
Rainbow Trout 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0706 0.0000 0.0000 0.0000 0.0000 0.0000
Bluegill 0.0739 0.0090 0.4791 4.3537 1.7257 2.9677 3.4140 3.1195 2.3575 1.5961 0.1220 0.3200
Green Sunfish 0.0000 0.0000 0.0000 0.0149 0.0210 0.1062 0.0564 0.0000 0.0000 0.0000 0.0000 0.0000
Redbreast Sunfish 0.0000 0.0000 0.0000 0.0232 0.0000 0.0000 0.0000 0.0322 0.0000 0.0000 0.0000 0.0000
Warmouth 0.0080 0.0000 0.0000 0.1334 0.1171 0.0000 0.0000 0.0395 0.0612 0.0000 0.0000 0.0300
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Table D-1: Saluda River Mean Annual Daily Flow Data Collected from USGS Gauge Number 02169000 Downstream of Saluda Hydro Project

1978-
1979

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

October 613 2386 2809 1131 1612 1791 1340 1458 1320 1385 2415 2408 5751 1732 3049 1442 3500 3626 2201 1863 2039 1176 2049 1776 2674
November 993 4110 2495 1061 621 927 1453 6552 927 743 1175 1844 1828 2262 4709 1962 2710 4574 991 3187 2179 435 1217 1296 1545
December 1700 2226 2124 1129 2916 5413 1267 4736 3582 1522 2286 4217 496 731 5826 2375 4000 3953 686 2871 1919 984 1641 621 3994
January 2673 3165 1825 9255 5521 5802 2160 1928 4854 942 462 2752 1281 1299 9053 2674 7089 3500 1175 6935 1553 3786 737 746 3049
February 5025 3013 955 5100 6348 5129 4654 707 4514 1455 795 7441 2794 1167 7346 1740 8416 4814 4444 8999 1390 1818 641 832 3888
March 5410 7807 787 3469 5451 5389 1305 711 5911 1049 4186 6161 4962 3162 7807 1913 1998 6118 4140 6510 1389 1476 686 717 10530
April 5747 5927 504 1039 5905 3484 880 862 2364 321 3199 3089 4202 2281 4385 1281 691 2424 1976 7260 803 981 609 603 7259
May 3304 2166 482 1137 1405 4510 602 575 541 441 2529 747 4121 1067 2270 774 911 2639 2226 5091 596 629 561 894 5811
June 3817 2101 542 2225 1686 1799 373 550 1460 349 1982 1453 2701 2582 1894 3283 2497 2397 2792 3508 626 663 685 848 3412
July 4108 2953 1153 1968 2229 3385 477 863 1991 380 4252 1754 4132 2273 2382 2996 2046 2234 2639 1151 2342 686 1090 1334 4705
August 2329 1039 656 2693 2884 4178 2620 534 1905 635 3192 2234 3933 2424 1813 5682 4377 2213 2657 1854 748 1468 2036 1545 3555
September 2631 1746 1929 1329 1261 2077 1931 1900 1490 558 2033 6390 2796 3009 1191 3423 3349 7642 1845 2513 726 1651 1040 1748 1496

Table D-2: Average Historical Operation of Unit 5 Based on Flow Duration Records 1978 – 2003

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC
Cubic Feet/Sec* 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000
Cubic Feet / Hr 21600000 21600000 21600000 21600000 21600000 21600000 21600000 21600000 21600000 21600000 21600000 21600000
Days/Month 31 28.25 31 30 31 30 31 31 30 31 30 31
Hours/Month 744 678 744 720 744 720 744 744 720 744 720 744

Estimated % of time Unit 5
was Operated 0.04 0.04 0.05 0.04 0.01 0.005 0 0.01 0 0.01 0 0.005

Total flow through Unit 5
(cubic feet) 642,816,000 585,792,000 803,520,000 622,080,000 160,704,000 77,760,000 0 160,704,000 0 160,704,000 0 80,352,000
*assumed 6000 cfs through unit 5, operated at flows above 12,000 cfs (capacity of U1-4 combined)
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TURBINE PASSAGE SURVIVAL DATABASE
SURVIVAL DATA

Immediate 24 hour 48 hour

TEST ID INFO SURVIVAL ESTIMATES
Based on number released Based on number recovered Based on number recovered

Test ID No. Site Name Species Tested Control SurvivalImmediate
Survival

24-Hour
Survival

48-Hour
Survival

Immediate
Survival

24-Hour
Survival

48-Hour
Survival

SS-20 Sandstone
Rapids

fathead minnow, creek chub,
white sucker,

golden/shorthead redhorse

0.743 0.743 0.758 0.717 0.717 0.731 1.000 1.000 0.929

SS-21 Sandstone
Rapids

fathead minnow, creek chub,
white sucker,

golden/shorthead redhorse

0.292 0.243 0.233 0.273 0.227 0.218 1.000 1.000 0.833

SS-22 Sandstone
Rapids

fathead minnow, creek chub,
white sucker,

golden/shorthead redhorse

0.659 0.659 0.659 0.794 0.794 0.794 1.000 1.000 1.000

SS-23 Sandstone
Rapids

fathead minnow, creek chub,
white sucker,

golden/shorthead redhorse

0.519 0.519 0.534 0.583 0.583 0.601 1.000 1.000 0.971

SS-24 Sandstone
Rapids

fathead minnow, creek chub,
white sucker,

golden/shorthead redhorse

0.579 0.521 0.516 0.545 0.491 0.486 1.000 1.000 0.973

SS-25 Sandstone
Rapids

fathead minnow, creek chub,
white sucker,

golden/shorthead redhorse

0.405 0.381 0.357 0.424 0.399 0.374 0.955 0.955 0.955

SS-26 Sandstone
Rapids

fathead minnow, creek chub,
white sucker,

golden/shorthead redhorse

0.584 0.584 0.611 0.537 0.537 0.562 0.957 0.957 0.913

STC-01 Schaghticok
e

brook trout 0.228 0.245 0.170 0.182 0.983 0.914

STC-02 Schaghticok
e

brook trout 0.000 0.000 0.000 0.000 0.905 0.703

STC-03 Schaghticok
e

largemouth bass 0.418 0.415 0.314 0.311 0.917 0.883

STC-04 Schaghticok
e

brook trout 0.506 0.486 0.433 0.416 0.966 0.862

STC-05 Schaghticok
e

golden shiner 0.531 0.483 0.617 0.561 0.985 0.923

STC-06 Schaghticok
e

white sucker 0.503 0.405 0.516 0.415 0.928 0.594

STC-07 Schaghticok
e

white sucker 0.471 0.492 0.615 0.643 1.000 0.897

STC-08 Schaghticok
e

bluegill 0.382 0.294 0.414 0.318 0.984 0.852

STC-09 Schaghticok
e

largemouth bass 0.268 0.250 0.254 0.238 0.982 0.912

STC-10 Schaghticok
e

yellow perch 0.508 0.540 0.501 0.532 0.913 0.725

STC-11 Schaghticok
e

brook trout 0.061 0.063 0.045 0.047 0.846 0.821

STC-12 Schaghticok
e

white sucker 0.328 0.309 0.349 0.330 0.906 0.859

STC-13 Schaghticok
e

white sucker 0.115 0.118 0.137 0.140 0.936 0.915

STC-14 Schaghticok
e

largemouth bass 0.154 0.108 0.189 0.133 0.743 0.529

STC-15 Schaghticok
e

largemouth bass 0.000 0.000 0.000 0.000 0.824 0.608

STC-16 Schaghticok
e

brook trout 0.209 0.197 0.224 0.211 0.882 0.868

STC-17 Schaghticok
e

white sucker 0.319 0.175 0.295 0.161 0.945 0.863

STC-18 Schaghticok
e

white sucker 0.265 0.223 0.296 0.249 0.756 0.686

STC-19 Schaghticok
e

largemouth bass 0.692 0.900 0.666 0.865 0.520 0.400

STC-20 Schaghticok
e

walleye 0.436 0.444 0.382 0.389 0.786 0.257
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TURBINE PASSAGE SURVIVAL DATABASE
SURVIVAL DATA

Immediate 24 hour 48 hour

TEST ID INFO SURVIVAL ESTIMATES
Based on number released Based on number recovered Based on number recovered

Test ID No. Site Name Species Tested Control SurvivalImmediate
Survival

24-Hour
Survival

48-Hour
Survival

Immediate
Survival

24-Hour
Survival

48-Hour
Survival

STC-21 Schaghticok
e

brook trout 0.806 0.770 0.737 0.704 0.969 0.953

STC-22 Schaghticok
e

brook trout 0.500 0.397 0.427 0.338 0.969 0.906

STC-23 Schaghticok
e

bluegill 0.420 0.233 0.491 0.272 0.908 0.566

STC-24 Schaghticok
e

yellow perch 0.758 0.751 0.791 0.784 0.900 0.800

STC-25 Schaghticok
e

yellow perch 0.585 0.549 0.764 0.717 0.828 0.797

SC-01 Stevens
Creek

blueback herring 1.019 1.010 0.993 0.967 0.959 0.943 1.000 1.000 1.000

SC-02 Stevens
Creek

sunfish spp 0.974 1.053 1.057 0.974 1.053 1.057 0.981 0.907 0.778

SC-03 Stevens
Creek

sunfish spp 0.938 0.909 0.976 0.938 0.909 0.976 1.000 0.964 0.804

SC-04 Stevens
Creek

yellow perch/spotted sucker 0.983 0.966 0.972 0.983 0.966 0.972 0.983 0.975 0.883

TS-01 Townsend largemouth bass 1.000 1.000 1.000 1.000 1.000 1.000 0.980 0.980 0.980
TS-02 Townsend largemouth bass 0.860 0.860 0.860 0.860 0.860 0.860 1.000 1.000 1.000
TS-03 Townsend rainbow trout 0.944 0.944 1.000
TS-04 Townsend rainbow trout 0.919 0.919 0.919 1.000 1.000 1.000 1.000 1.000 1.000

TBU1-01 Twin Branch bluegill 1.231 1.202 0.973 0.950 1.000 0.971

TBU5-01 Twin Branch chinook/channel catfish 0.986 0.963 1.000 0.976 1.000 1.000

TBU5-02 Twin Branch chinook/channel catfish 0.970 0.815 0.986 0.829 1.000 0.903

TBU5-03 Twin Branch steelhead/channel catfish 0.703 0.656 0.862 0.804 1.000 0.950

VNU10-01 Vernon Atlantic salmon 0.959 0.949 1.000 0.989 1.000 1.000
VNU10-02 Vernon Atlantic salmon 1.013 1.013 1.000 1.000 1.000 1.000
VNU4-01 Vernon Atlantic salmon 0.851 0.851 0.840 0.840 1.000 1.000
WNP-01 Wanapum coho salmon 0.897 0.897 0.897 0.897 0.988 0.981
WNP-02 Wanapum coho salmon 0.949 0.955 0.949 0.955 0.988 0.981
WNP-03 Wanapum coho salmon 0.935 0.942 0.924 0.930 0.994 0.987
WNP-04 Wanapum coho salmon 0.981 0.987 0.968 0.975 0.994 0.987
WNP-05 Wanapum coho salmon 0.942 0.942 0.948 0.948 0.987 0.987
WNP-06 Wanapum coho salmon 1.006 1.006 1.000 1.000 0.987 0.987
WNP-07 Wanapum coho salmon 0.868 0.873 0.885 0.890 1.000 0.994
WNP-08 Wanapum coho salmon 0.962 0.962 0.968 0.968 1.000 0.994
WR-01 White

Rapids
bluegill 0.944 1.022 0.945 1.024 1.000 0.852

WR-02 White
Rapids

bluegill 0.957 0.967 1.000 1.011 1.000 0.676

WR-03 White
Rapids

white sucker 1.018 1.000 1.009 0.992 0.941 0.882

WR-04 White
Rapids

white sucker 0.991 1.023 0.930 0.960 1.000 0.932

WD-01 Wilder Atlantic salmon 0.960 0.943 0.943 0.960 0.943 0.943 1.000 0.984 0.984

- E- 48 -



1

Kacie Jensen

From: Shane Boring
Sent: Friday, February 09, 2007 3:23 PM
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; Brandon Stutts ; Buddy

Baker ; Dick Christie; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle
Cc: 'ARGENTIERI, WILLIAM R'; Alan Stuart
Subject: FW: Lk. Murray Waterfowl Survey Data

2006-2007 Lake
Murray Waterfow...

2006-2007 Lake
Murray Waterfow...

Dear Terrestrial Resources TWC Members:

The attached datasheets summarize observations of the Lake Murray waterfowl surveys
through the January 19th survey. It is interesting to note that results are similar to
those from SCDNR's boat surveys, with scaup being the most abundant species observed.
Thanks for your continued interest in the Lake Murray waterfowl surveys.

Have a good weekend,
Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183
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Kacie Jensen

From: Shane Boring
Sent: Friday, February 09, 2007 1:18 PM
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; Gerrit Jobsis (American Rivers);

Jennifer Price ; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle; Shane Boring
Subject: Saluda Hydro Relicense: 2006 Lower Saluda Macroinvert report

2006 Lower Saluda
Macroinvert ...

ear Freshwater Mussel/Aquatic Macroinvertebrate TWC Members:

Attached for your review is the draft 2006 Lower Saluda River Macroinvertebrate
Assessment, prepared by Dan Carnagey of Carnagey Biological (formerly with Shealy).
Please review the draft document and provide comments to me (preferably in MS Word track
changes) by March 2, 2007. Thanks to all who contributed to development of the study plan
and thanks in advance for you comments.

Have a good weekend,
Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

2006 Lower Saluda Macroinvert report (agency review draft.doc;020907).doc
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Kacie Jensen

From: Prescott Brownell [Prescott.Brownell@noaa.gov]
Sent: Thursday, February 08, 2007 4:51 PM
To: Shane Boring
Cc: balesw@dnr.sc.gov; Alison Guth; Amanda Hill; BARGENTIERI@scana.com; Bud Badr; Dick

Christie; Gerrit Jobsis (American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover;
Malcolm Leaphart; mquattlebaum@scana.com; RMAHAN@scana.com; Ron Ahle; Scott
Harder; Steve Summer; Theresa Thom; Brandon Kulik; Alan Stuart

Subject: Re: Instream Flow Study of Lower Saluda River DRAFT 2007-02-01.doc

ATT375015.doc
(459 KB)

prescott.brownell.v
cf (401 B)

Hello Shane and Team,
Attached is a draft Study Plan with some minor additions and
clarifications shown in red text. An excellent Plan. Do you have
recommended HSI curves ready for review yet?

PB

Shane Boring wrote:
> All:
>
> Attached for your review is the updated draft of the Lower Saluda
> River IFIM Study Plan. If possible, please have your comments back to
> me by February 15, 2007. Thanks to all who provided comments on the
> previous draft.
>
> Shane
>
> C. Shane Boring
> Environmental Scientist
> Kleinschmidt Associates
> 101 Trade Zone Dr., Suite-21A
> West Columbia, SC 29170
> Phone: (803)822-3177
> Fax: (803)822-3183
>
>
>
>
> Instream Flow Study of Lower Saluda River DRAFT 2007-02-01.doc
> <<Instream Flow Study of Lower Saluda River DRAFT 2007-02-01.doc>>
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Kacie Jensen

From: Shane Boring
Sent: Friday, February 02, 2007 7:06 AM
To: Wade Bales (balesw@dnr.sc.gov); Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; Dick

Christie; Gerrit Jobsis (American Rivers); Hal Beard; Jennifer Summerlin; Jim Glover;
Malcolm Leaphart; Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell;
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Theresa Thom;
Brandon Kulik; Alan Stuart

Subject: Instream Flow Study of Lower Saluda River DRAFT 2007-02-01.doc

Instream Flow
Study of Lower S...

All:

Attached for your review is the updated draft of the Lower Saluda River IFIM Study Plan.
If possible, please have your comments back to me by February 15, 2007. Thanks to all who
provided comments on the previous draft.

Shane

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Instream Flow Study of Lower Saluda River DRAFT 2007-02-01.doc
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Kacie Jensen

From: Prescott Brownell [Prescott.Brownell@noaa.gov]
Sent: Friday, February 02, 2007 3:39 PM
To: Shane Boring
Subject: Re: Saluda Instream Flow Team address list

DRAFT spawning
ms. PDF.pdf (40...

prescott.brownell.v
cf (401 B)

Hello Shane,
Attached is a draft paper from Boyd Kynard and Kieffer. Look at Page 12
for their methods for using the egg nets. Id go with their approach.
Boyd has used this approach extensively. Call if you'd like to discuss
in more detail.

By the way....the TWC addresses did not come through our server for some
reason. Could you try again to send the TWC email address/name list?

Thank you for your effort on this
PB

Shane Boring wrote:
> Pres:
>
> Attached is an electronic business card with names and addresses of
> all of the Instream Flow TWC members. On a different note, I left a
> message at your office earlier today. I have a question regarding our
> upcoming sturgeon sampling -- Specifically, we state in the study plan
> that "eggs nets will be fished concurrently with gillnets to sample
> for shortnose sturgeon eggs/larvae". We do not state, however,
> exactly how long the egg nets should be fished. Kleinschmidt projects
> in CT have fished a 1 m diameter D-ring net for 1 hour during each
> sampling day. We have acquired 0.5 m diameter nets (flattened to
> D-ring shape) for our project (we were concerned that the larger nets
> would stick out of water in the shallow portions of the Congaree).
> My question is this -- is there a specific length of time or volume of
> water that you guys would like to have sampled? Thanks so much.
>
> Shane
>
> ----------------------------------------------------------------------
> --
>
> Subject:
> Fish & Wildlife TWC - IFIM/Aquatic Habitat
> From:
> "Alison Guth" <Alison.Guth@KleinschmidtUSA.com>
> Date:
> Tue, 14 Mar 2006 13:18:33 -0500
>
>
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Kacie Jensen

From: Shane Boring
Sent: Friday, January 19, 2007 5:36 PM
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; Brandon Stutts ; Buddy

Baker ; Dick Christie; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle; Bob Seibels
(bseibels@yahoo.com); Gerrit Jobsis (American Rivers); J. Hamilton Hagood; Tom Murphy
(murphyt@dnr.sc.gov); Boozer Tommy (tboozer@scana.com); Dick Christie
(dchristie@infoave.com); Ed_Eudaly@fws.gov; Hal Beard (BeardH@scdnr.state.sc.us);
HOFFMAN, VAN B; Laura Blake (E-mail); Steve Summer (ssummer@scana.com); Alison
Guth; Alan Stuart

Cc: Cheryl Balitz
Subject: 2006 Wood Stork Report Summary Report (DRAFT;011907;CSB).doc

2006 Wood Stork
Report Summary...

All:

Attached for your review is the draft 2006 Lake Murray wood stork survey report. If
possible, please provide comments on the report by February 7th. Thanks for your interest
in the Lake Murray Wood Stork Study.

C. Shane Boring
Environmental Scientist
Kleinschmidt Associates
101 Trade Zone Dr., Suite-21A
West Columbia, SC 29170
Phone: (803)822-3177
Fax: (803)822-3183

Cheryl: While these folks are reviewing, could you please update the formatting on the
attached, the TOC in particular.

2006 Wood Stork Report Summary Report (DRAFT;011907;CSB).doc



SOUTH CAROLINA ELECTRIC
& GAS COMPANY

COLUMBIA, SOUTH CAROLINA

LAKE MURRAY WOOD STORK SURVEYS
2006 SUMMARY REPORT

JANUARY 2007

Prepared by:

Kleinschmidt Associates
Energy & Water Resource Consultants

101 Trade Zone Drive Suite 21
West Columbia, SC 29170



SOUTH CAROLINA ELECTRIC & GAS COMPANY
COLUMBIA, SOUTH CAROLINA

LAKE MURRAY WOOD STORK SURVEYS
2006 SUMMARY REPORT

JANUARY 2007

Prepared by:

Kleinschmidt Associates
Energy & Water Resource Consultants

101 Trade Zone Drive Suite 21
West Columbia, SC 29170



- i -

SOUTH CAROLINA ELECTRIC & GAS COMPANY
COLUMBIA, SOUTH CAROLINA

LAKE MURRAY WOOD STORK SURVEYS
2006 SUMMARY REPORT

TABLE OF CONTENTS

1.0 INTRODUCTION ...............................................................................................................1

2.0 METHODS ..........................................................................................................................3

3.0 RESULTS AND DISCUSSION..........................................................................................6

4.0 LITERATURE CITED ......................................................................................................10

LIST OF TABLES

Table 1: Summary of 2006 Lake Murray Wood Stork Surveys ............................................5

LIST OF APPENDICES AND ATTACHMENTS

Appendix A: Saluda Hydroelectric Project – Wood Stork Study Plan

Attachment A: Trip Report From August 27, 2004, Wood Stork Aerial Survey

Attachment B: Meeting Minutes From September 17, 2004, Conference Call With
SCDNR and USFWS

12/14/05 – CLB
455-030-92-02

Z:\SCO\455\030\2005 Wood Stork Report Summary Report (Final;01032005).doc



- 1 -

SOUTH CAROLINA ELECTRIC & GAS COMPANY
COLUMBIA, SOUTH CAROLINA

LAKE MURRAY WOOD STORK SURVEYS
2005 SUMMARY REPORT

1.0 INTRODUCTION

The wood stork was federally-listed as endangered on February 28, 1984 (USFWS 1997).

The only stork native to North America, wood storks occurred historically throughout the coastal

plain of the southeastern U.S. and Texas. The current U.S. breeding population has declined

from an estimated 20,000 pairs in the 1930's to between 5,500 and 9,500 in recent years, with

declines attributed primarily to loss of suitable foraging and nesting habitat. Currently, nesting

of the species in the U.S. is thought to be limited to the coastal plain of South Carolina, Georgia,

and Florida (USFWS 1997). No critical habitat has been designated for this species.

Wood storks are highly colonial and typically nest in large rookeries and feed in flocks

(USFWS 1997). Typical foraging habitats include narrow tidal creeks, flooded tidal pools, and

freshwater marshes and wetlands. Like most other wading birds, storks feed primarily on small

fish. Because wood storks feed by tactilocation, depressions where fish become concentrated

during periods of falling water levels are particularly attractive for foraging (USFWS 1997).

Storks typically use tall cypresses or other trees near water for colonial nest sites. Nests are

usually located in the upper branches of large trees and several nests are typically located in each

tree. Trees utilized for nesting and roosting typically provide easy access from the air and an

abundance of lateral limbs (USFWS 1997).

Although they are primarily birds of freshwater and brackish wetlands along the coastal

plain, wood storks were reported from several locations in the Lake Murray area in recent years.

Specifically, a local resident reported observing wood storks feeding at several locations in the

Bush River and Big Creek embayments of upper Lake Murray during the period from

approximately 2001 through 2004(Appendix A, Attachment A, Figure 1). In addition,

approximately 60 storks were observed feeding at various locations in the middle Saluda River

and the upper portion of Lake Murray during an aerial survey for bald eagles performed by the

South Carolina Department of Natural Resources (SCDNR) in early August 2004 (Appendix A,
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Attachment A, Figure 2). In response to these sightings, SCE&G, in coordination with the

USFWS and SCDNR, conducted an aerial reconnaissance survey in the upper portions of Lake

Murray on August 27, 2004. During this survey, biologists from SCDNR and Kleinschmidt

documented approximately 60 wood storks foraging within the Saluda Project Boundary, as well

as two potential nesting sites along the floodplain of the middle Saluda River (See detailed study

observations in Attachment A of Appendix A).

Under the current FERC operating license, SCE&G is required to submit 5 year updates

to the Lake Murray Shoreline Management Plan (FERC Order ¶ 61,332, June 1, 1984). In an

order approving and amending SCE&G’s most recent update, which was submitted on February

1, 2000, the FERC requested that SCE&G designate the two identified wood stork “roosting and

foraging habitats” near Bush River as “conservation areas” (FERC Order No. 20040623-3015).”

Further, the order required that these areas, as well as all other wood stork roosting and foraging

habitat identified within the project boundary, remain protected and undeveloped until new

evidence is submitted to indicate that protection of these areas is not warranted. In response to

the wood stork sightings on Lake Murray and the subsequent FERC order, SCE&G initiated

consultation efforts with the SCDNR and USFWS and developed a study plan aimed at

documenting where and under what conditions wood storks are utilizing habitats within the

Saluda Hydro Project Boundary and in the project vicinity. A number of specific study

objectives were also identified in consultation with the resource agencies and are outlined in the

attached Lake Murray Wood Stork Study Plan (Appendix A).
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2.0 METHODS

Suitable habitat in the Saluda Project vicinity was surveyed monthly using fixed-wing

aircraft (typically a Cessna 172) from February through November 2006 for the presence of

wood storks (Table 1). The February through April surveys were conducted by SCDNR

personnel (Tom Murphy) in conjunction with Avian Vacuolar Myelinopathy (AVM) / bald eagle

surveys, while the remainder were conducted by biologists from Kleinschmidt Associates.

During a typical survey, the Saluda River arm of Lake Murray and the river upstream to

approximately Silverstreet were investigated at low altitude (approximately 1000 ft), focusing

particularly on the sites where storks have previously been observed and the potential nesting

areas at Silverstreet and Tosity Creek (Appendix A, Attachment A, Figures 1 - 5). During flights

to and from the sites in the upper lake, the main body of the lake was flown at moderate altitude

(1500 – 2000 ft) and scanned for presence of wading birds. Birds suspected of being wood

storks (i.e., white birds) were circled at lower altitude and airspeed, and examined with

binoculars until a positive identification was made.
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Table 1: Summary of 2005 Lake Murray Wood Stork Surveys

DATE PERSONNEL OBSERVATIONS

2/18/05 Tom Murphy, SCDNR No wood storks. Approximately 1/3 of the
approximately 22 nests identified during 2004 utilized by
nesting blue herons.

3/29/05 Tom Murphy, SCDNR No wood storks. Remainder of nest identified during
2004 occupied by incubating great blue herons.

5/4/05 Tom Murphy, SCDNR No wood storks. 13 and 15 great blue heron nests
respectively at the Silverstreet and Tosity Creek nesting
sites.

6/7/05 Shane Boring, Kleinschmidt No wood storks. Tosity Creek and Silverstreet nests
occupied by pre-flight juvenile great blue herons.

6/30/05 Shane Boring, Kleinschmidt No wood storks. All juvenile great blue herons at Tosity
Creek and Silverstreet sites fledged and nests vacant.

7/27/05 Shane Boring, Kleinschmidt No wood storks. Scattered great blue herons and great
egrets.

8/26/05 Shane Boring, Kleinschmidt No wood storks. Scattered great blue herons and great
egrets.

9/30/05 Shane Boring, Kleinschmidt No wood storks. Scattered great blue herons and great
egrets.

10/28/05 Shane Boring, Kleinschmidt No wood storks. Waders very active; numerous solitary
great blue herons and flocked great egrets.

11/23/05 Shane Boring, Kleinschmidt No wood storks. Wading birds very abundant; numerous
flocks of foraging great egrets.

* Not provided by SCDNR; duration time assumed based on previous and subsequent surveys.
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Table 2: Summary of 2006 Lake Murray Wood Stork Surveys

DATE PERSONNEL OBSERVATIONS
2/22/06 Tom Murphy - SCDNR No wood storks. Nests identified during 2004 utilized

by nesting blue herons.
3/20/06 Tom Murphy - SCDNR No wood storks. Nests identified during 2004

occupied by incubating great blue herons.
4/28/06 Tom Murphy - SCDNR No wood storks. Significant foraging habitat present

along Saluda River above Lake Murray. Approx. 40
great blue heron nests at the Silverstreet and Tosity
Creek nesting sites.

5/31/06 Shane Boring - Kleinschmidt Wading birds observed in drying pools off Saluda main
channel above Lake Murray; however, no wood storks.

6/30/06 Shane Boring - Kleinschmidt Scattered foraging great blue herons and great egrets,
but no wood storks.

8/04/06 Jennifer Summerlin - Kleinschmidt No wood storks. Scattered great egrets.
8/26/06 Shane Boring - Kleinschmidt Moderate wading bird activity. A single wood stork,

likely a juvenile, observed soaring over Saluda River
upstream of Lake Murray.

9/15/06 Shane Boring - Kleinschmidt 12-14 wood storks foraging in wetlands off of the
Saluda mainstem upstream of Lake Murray: 6 foraging
in a farm pond off of the Saluda mainstem just
downstream of the Highway 121 bridge and 4-6 (4
confirmed, 2 suspected) soaring and feeding in
wetlands adjacent to the wood chipping plant near
Silverstreet.

10/26/06 Tom Murphy - SCDNR No wood storks; many wetlands along Saluda above
Lake Murray dry.

11/27/06 Tom Murphy - SCDNR Habitat along Saluda, which were dry during 10/06
survey, refilled by rains, but no wood storks.

* Not provided by SCDNR; duration time assumed based on previous and subsequent surveys.



- 6 -

3.0 RESULTS

No wood storks were observed during more than 13 hours of aerial surveys performed

over the 10 month period from February through November 2005 (Table 1). During the 2006

survey season, wood storks were observed during August and September. A single juvenile

wood stork was observed soaring above the Saluda River upstream of Lake Murray during the

August survey, and an additional 12 – 14 were observed in the same general area during the

September 15, 2006 survey - 6 foraging in a farm pond off of the Saluda mainstem just

downstream of the Highway 121 bridge and 4 to 6 (4 confirmed, 2 suspected) soaring and

feeding in wetlands adjacent to the wood chipping plant near Silverstreet (Figure 1).

No wood stork nesting was observed at the Tosity Creek or Silverstreet sites, which were

identified as being potential wood stork nesting areas during the 2004 reconnaissance survey and

associated agency consultation (see Meeting Notes, Appendix B). Surveys revealed these to be

great blue heron nests, with both nesting adults and pre-flight juveniles observed during both

2005 and 2006 (Tables 1 & 2).

Figure 1. Aerial Photograph of Locations of Wood Stork Sightings During September 2006
Survey (Circles denote locations where wood storks were observed)
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Highway 121

Saluda River
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4.0 DISCUSSION

The lack of nesting in the study area is consistent with the known life-history of wood

storks as a coastal nesting species (USFWS 1996). In South Carolina, all nesting colony sites

currently known are located in the coastal plane, and primarily in the coastal counties (Murphy

2005).

Aerial survey observations suggested that wood storks likely did not utilize Lake Murray

and the middle Saluda River upstream of the impoundment for nesting, foraging, roosting, or

other activities during the 2005 survey period. In 2006, approximately 12 – 14 wood storks were

observed in areas of the Saluda Basin upstream of Lake Murray on September 15, 2006. Timing

of wood stork observations during 2006 (August and September), suggested that these were

likely post-dispersal migrants from coastal nesting sites. During the late-summer/early-fall

period, when chic have fledged and adults are no longer tied to the nest site by chic rearing, adult

and juvenile wood stork dispersing from nesting colonies often undertake extensive migrations to

exploit ephemeral food resources prior to returning to coastal areas for the winter months. In

South Carolina and Georgia, young-of-year storks typically fledge during July and August, but

return to the nest for an additional 3 to 4 weeks to be fed before finally dispersing from the

colony site in August and September (USFWS 1996). Storks dispersing post-breeding from

southern US colonies (Florida, Georgia, and South Carolina) have been documented as far north

as North Carolina and as far west as Mississippi and Alabama (USFWS Recovery Plan, 1997).

Limited wood stork occurrences observed during 2005 and 2006 suggest that the

relatively large number of storks observed during 2004 may have been attributed to favorable

feeding conditions created by the drawdown of the reservoir during construction of the Saluda

Backup Dam. Good feeding conditions for wood storks have been characterized as relatively

calm water, with water depths between 2 – 10 inches, and where the water column is not

cluttered by dense aquatic vegetation (Coulter and Bryan 1993). Reduced overall pool elevation

associated with the drawdown likely increased the potential for fish entrapment in shallow

embayments during periods of falling water levels, which has been cited as an important factor in

wood stork foraging sites (Kahl 1964, Kushlan et al. 1975). This was likely the case during the

reconnaissance survey on August 27, 2004, when USFWS and Kleinschmidt biologists observed

approximately 60 wood storks foraging in a shallow embayment near the mouth of Beaverdam
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Creek in the Saluda River Arm of Lake Murray during falling water (Appendix A, Attachment

A, Figure 3).

5.0 MANAGEMENT IMPLICATIONS

Wood storks in South Carolina readily change foraging sites in response to prevailing

hydrology (Murphy 2005), as was demonstrated by the large number of storks utilizing upper

portions of Saluda Project vicinity during the Lake Murray drawdown. Because they have

potential to occur anywhere within the Project in response to hydrologic conditions, continued

designation of the Bush River and Big Creek areas as wood stork research or conservation areas

is not warranted and should be discontinued. Further, usage of the Saluda Project area appears

limited to post-dispersal foraging migrations, which are typical of the species during the post-

breeding season. As such, continued surveys of the area may not be warranted.
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SALUDA HYDRO PROJECT (FERC NO. 516)
STUDY PLAN

Study Plan Name: Wood Stork Monitoring Plan
Applicable Hydro Projects: Saluda Hydro FERC No. 516

I. Introduction

Contained in the Federal Energy Regulatory Commission’s (Commission or
FERC) Order issuing a New Operating License for Saluda Hydro (FERC Order ¶ 61,332,
June 1, 1984), are conditions that require South Carolina Electric &Gas Company
(SCE&G) to submit 5 year updates to the Project shoreline management plan. SCE&G
submitted the most recent five-year update to the Commission on February 1, 2000. The
Commission issued an order approving and modifying the updated shoreline management
plan on June 1, 2004 (FERC Order No. 20040623-3015). Item H of the order requires
that SCE&G, in consultation with the South Carolina Department of Natural Resources
(SCDNR) and the U.S. Fish and Wildlife Service (USFWS), designate two identified
wood stork “roosting and foraging habitats” near Bush River as “conservation areas.”
Further, the order requires that these areas, as well as all other wood stork roosting and
foraging habitat identified within the project boundary, remain protected and
undeveloped until new evidence is submitted to indicate that protection of these areas is
not warranted.

In response, SCE&G initiated consultation efforts with the SCDNR and USFWS.
Following an initial reconnaissance survey to confirm wood stork activity within the
project area (See Survey Trip Report; Attachment A), a meeting was held on September
17, 2004, among SCE&G and the resource agencies to begin development of a
framework for a long-term study plan (See meeting notes; Attachment B).

II. Summary of Existing Data

The wood stork was federally-listed as endangered on February 28, 1984
(USFWS 1996). The only stork native to North America, wood storks occurred
historically throughout the coastal plain of the southeastern U.S. and Texas. The current
U.S. breeding population has declined from an estimated 20,000 pairs in the 1930's to
between 5,500 and 9,500 in recent years, with declines attributed primarily to loss of
suitable foraging and nesting habitat. Currently, nesting of the species in the U.S. is
thought to be limited to the coastal plain of South Carolina, Georgia, and Florida
(USFWS 1996). No critical habitat has been designated for this species.
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Wood storks are highly colonial and typically nest in large rookeries and feed in
flocks (USFWS 1996). Typical foraging habitats include narrow tidal creeks, flooded
tidal pools, and freshwater marshes and wetlands. Like most other wading birds, storks
feed primarily on small fish. However, because wood storks feed by tactilocation,
depressions where fish become concentrated during periods of falling water levels are
particularly attractive sites (USFWS 1996). Storks typically use tall cypresses or other
trees near water for colonial nest sites. Nests are usually located in the upper branches of
large trees and several nests are typically located in each tree. Trees utilized for nesting
and roosting typically provide easy access from the air and an abundance of lateral limbs
(USFWS 1996).

As previously noted, wood storks are primarily birds of freshwater and brackish
wetlands along the coastal plain. However, wood stork activity has been reported by
local residents at several locations within the Lake Murray area in recent years (See
Attachment A, Figure 1). In addition, on August 11, 2004, Tom Murphy of the SCDNR
observed approximately 60 storks feeding at various locations in the middle Saluda River
area and the upper portion of Lake Murray while conducting an aerial survey for bald
eagles (See Attachment A, Figure 2). In response to these sightings, SCE&G, in
coordination with the USFWS and SCDNR, conducted an aerial reconnaissance in the
upper portions of Lake Murray on August 27, 2004 (See Survey Trip Report; Attachment
A). During this reconnaissance survey, biologists from SCDNR and Kleinschmidt
documented approximately 60 wood storks foraging within the Saluda Project Boundary,
as well as two potential nesting sites along the floodplain of the middle Saluda River (See
detailed study observations in Attachment A).

III. Study Objectives

The overall study objective is to document where and under what conditions
wood storks are utilizing habitats within the Saluda Hydro Project Boundary and in the
project vicinity. In consultation with the SCDNR and the USFWS, a number of specific
objectives have been identified (See September 17, 2004, meeting notes; Attachment B),
including the following:

 Examination of the potential influence of the Lake Murray drawdown on the
presence of storks in the area (i.e. whether and/or to what degree storks will
continue to utilize the project once the reservoir is returned to its usual
operating range).

 Documentation of nesting (i.e., whether the nests observed during 2004 were
in fact stork nests, and if so, if successful reproduction is taking place).

 Documentation of foraging habitat and roosting areas, in particular,
documentation of important night roosts (if they exist).

 Examination of foraging conditions over multiple years and a range of water
levels.

 Documentation of seasonal usage by various age classes (i.e., young-of-year,
immature, adult).
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The following tasks must be undertaken and completed in order to meet the above
objectives:

a) Review and compilation of all credible anecdotal accounts of wood stork
occurrences within the Saluda Hydro Project Boundary and in the project
vicinity.

b) Completion of surveys to document current wood stork usage of areas within
the Saluda Hydro Project Boundary and in the project vicinity.

IV. Geographic and Temporal Scope

The Saluda Hydro Project Boundary will be the focal point of the wood stork
study. The study area will include the main body of Lake Murray and the Middle Saluda
River, from the Saluda Dam upstream to the vicinity of Silverstreet and including all
tributaries within the project boundary.

Surveys for wood storks will commence in mid-February 2005 and continue
through the fall of 2009 (5 years of study). On an annual basis, surveys will begin in
mid-February, when storks would be expected to arrive in South Carolina, and continue
on a monthly basis through November or until it is determined, in consultation the
resource agencies, that storks have left the area.

In consultation with the USFWS and SCDNR, SCE&G proposes to designate the
two wood stork foraging and roosting habitats cited in the FERC’s order, as well as all
other areas within the project boundary where wood stork activity has been documented
(See Figures 1 and 2; Appendix B), as temporary Environmental Research Areas. These
Environmental Research Areas will remain protected and undeveloped throughout the
execution of this study plan. Upon completion of the study, a determination will be made
in consultation with the resource agencies, as to whether or not the areas should be
granted permanent protected status. If further protection of these areas is deemed
necessary, any parameters, conditions, and/or requirements of that protective status will
also be determined at this time.

V. Methodology

a) To the degree practicable, SCE&G and/or their consultant will coordinate with local
residents to compile all credible occurrences of wood stork activity within the Saluda
Hydro Project Boundary and in the project vicinity. Anecdotal occurrence will be
considered credible only if they are from experienced observers (i.e., those who
demonstrate the knowledge needed to identify wood storks). For all occurrences,
information regarding the number of storks, where they were observed, the time of
year when they were first and last observed, and the time of day when the birds
arrived and departed on a daily basis will be obtained, if available. An attempt also
will be made to acquire photo documentation of occurrences whenever possible.
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While anecdotal, such information has the potential to provide significant insight into
the daily movements of storks utilizing the area, as well as annual temporal patterns
(i.e., when they first arrive and depart from the region).

b) Aerial surveys to document wood stork activity within the Saluda Hydro Project
Boundary will be conducted on a monthly basis during the 2005 through 2009 nesting
and post-breeding seasons (mid- February through approximately November; See
Section IV – Geographic and Temporal Scope). Aerial surveys will be conducted
from fixed-wing aircraft, by qualified SCDNR, SCE&G, and/or Kleinschmidt staff.
Aerial surveys initially will focus on those locations where wood stork activity was
observed during the 2004 wood stork reconnaissance and bald eagle surveys and
where stork activity has been reported by local residents (See Trip Report from
8/27/04). At each location where storks are observed, the following data will be
collected:

 An estimate of the total number of storks present.
 An estimate of the numbers of storks of various age classes present (i.e., adult,

juvenile, young-of-year).
 Evidence of nesting activity (i.e., evidence of egg-laying, nest construction

and/or maintenance, presence of pre-flight juveniles).
 Other activity observed (i.e., foraging, roosting, loafing).
 General description of the habitat being utilized.
 GPS coordinates of the location (Lat/Long).

Supplemental ground surveys will be conducted as deemed necessary based on aerial
surveys (i.e., to confirm nesting, confirm the number of individuals of various age
classes, determine the presence of a night roost, etc.). Appropriate ground survey
methods will vary on a site-by-site basis and thus will be developed on an as-needed
basis in consultation with the USFWS and SCDNR.

VI. Schedule and Required Conditions

a) Compilation of all available anecdotal accounts of wood stork occurrences in the
project vicinity will commence in November 2004 with the bulk of the information
expected to be compiled by February 1, 2005. As will be discussed in greater detail
below, an annual report will be issued upon completion of each field season. Results
of the initial data gathering effort will be reviewed in consultation with the resource
agencies and subsequently included in the 2005 annual report. As with any such
effort, additional information will undoubtedly develop throughout the course of the
study and will be duly incorporated into that year’s annual report.

b) For the 2005 nesting season, aerial surveys for wood storks will commence in Mid-
February of 2005 and continue through approximately November of 2005 (See
Section IV – Geographic and Temporal Scope). Surveys will follow this schedule on
an annual basis through October 2009 (5 years of study). A brief e-mail update will
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be distributed to the Wood Stork Work Group following each survey. In addition, an
annual report will be issued upon completion of each field season and distributed to
the Group to provide an update on the study’s progress. The Group will subsequently
meet in person or via conference call to discuss the study findings and potential
modifications to the study scope.

A more detailed report will be prepared following the second year of the study for
inclusion in the SCE&G’s Application for New License, which is slated for
submission to the FERC in 2008.

VII. Use of Study Results

Results of the wood stork study will be used as an information resource during
discussion of relicensing issues with the SCNDR, USFWS, relicensing issue working
groups and other relicensing stakeholders. Specifically, study results will be used to
assess, in coordination with the resource agencies, whether permanent wood stork
conservation measures are warranted and to help identify appropriate conservation
measures.

VIII. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Applicant
Leads

Stephen E. Summer SCANA Services,
Inc.

(803)217-7357 ssummer@scana.com

Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleins
chmidtusa.com

Agency
Leads

Tom Murphy SCDNR (843)844-2473 murphyt@dnr.sc.gov

Ed Eudaly USFWS (843)727-4707,
Ext. 13

Ed_Eudaly@fws.gov

Additional
Applicant
Contacts

Randy Mahan SCANA Services,
Inc.

rmahan@scana.com

Alan W. Stuart Kleinschmidt (803)822-3177 alan.stuart@kleinsch
midtusa.com

Bill Argentieri SCE&G (803)217-9162 bargentieri@scana.co
m
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IX. List of Attachments

ATTACHMENT A: August 27, 2004, Wood Stork Aerial Survey Trip Report

ATTACHMENT B: Meeting Minutes from September 17, 2004, conference call with
SCDNR and USFWS

X. List of References

U.S. Fish and Wildlife Service (USFWS). 1996. Revised Recovery Plan for the U.S.
Breeding Population of the Wood Stork. U.S. Fish and Wildlife Service, Atlanta,
Georgia. 41 pp.



ATTACHMENT A

TRIP REPORT FROM AUGUST 27, 2004, WOOD STORK AERIAL SURVEY



Wood Stork Aerial Survey Trip Report

Lake Murray and Saluda River
August 27, 2004

- 1 -

Survey Attendees

Shane Boring Kleinschmidt
Tom Murphy SCDNR Endangered Species Biologist
Bucky Harris SCDNR Pilot

Aircraft: Fixed-Wing Cessna 210 Survey Duration: 1300 – 1415 hrs

Survey Observations

The survey crew departed the SC Avionics Facility at Columbia Metropolitan
Airport at approximately 1300 hrs. The survey traversed the Lower Saluda River, from
the confluence to the Saluda Hydro Dam, and the lower portion of Lake Murray, with the
survey crew remarking on the lack of stork habitat in the vicinity. According to the
USGS gauge (Lake Murray near Columbia, SC), the reservoir elevation at the time of the
survey was 349.9 ft.

The survey crew also examined several sites along Bush River and Big Creek
where foraging storks have been reported by a local resident for approximately the past
three years (See Figure 1). However, no storks were observed at these sites.

Figure 1: Reported Wood Stork Sightings in Vicinity of Bush River and Big Creek

Big Creek
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The remainder of the survey focused on the extreme upper end of Lake Murray
and upstream in the middle Saluda River. Four sites where foraging wood storks were
previously observed by Tom Murphy on 8/4/04 were examined (See Figure 2).
Approximately 60 wood storks were observed foraging on exposed mudflats within the
project boundary upstream of Beaverdam Creek on the Saluda River (See Point 1 - Figure
2). Several passes were made to confirm that the birds were wood storks, photograph the
birds (See Figure 3), and obtain a more accurate count of the number of birds.

Figure 2: Saluda River Wood Stork Locations Provided By Tom Murphy (SCDNR)
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Figure 3: Wood Stork Feeding Assemblage Observed Upstream of Beaverdam
Creek

The potential nesting area (See Point 4 – Figure 2; also See Figure 4), originally
identified by Tom Murphy on 8/4/04, was also examined as part of the survey.
Approximately 12 nests were observed in a small forested wetland (old clay pit) located
in the floodplain of the middle Saluda River, south of Silverstreet, and adjacent to
International Paper’s wood chipping facility (See Figure 5). The nests appeared to be
wood stork nests, but no storks were observed in the vicinity at the time of the survey. It
should be noted that approximately 20 storks were observed standing on the nests and
roosting in the vicinity of the nests when they were first located on 8/4/04; however, none
appeared to be freshly-fledged juveniles.

The survey examined another potential nesting site in the Saluda River floodplain
near the mouth of Tosity Creek, which was initially located by Bucky Harris (SCDNR
Pilot) during a flight on approximately 8/25/04. Approximately 10 nests were observed
in two adjacent forested wetlands (See Figure 4). The nests appeared to be wood storks
nests; however, no storks were present at the site, and it was noted by Tom Murphy that
they could potentially be great blue heron nests. GPS coordinates for the two potential
nesting areas are provided in Table 1.

Table 1: Latitude and Longitude of Potential Wood Stork Nesting Locations
Latitude (Deg. / Dec. Min.) Longitude(Deg. / Dec. Min.)

Silverstreet Site 34 11.20 81 45.28
Tosity Creek Site 34 10.19 81 42.19
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Figure 4: Potential Wood Stork Nesting Sites on the Middle Saluda River

Figure 5: Aerial Photo of Potential Wood Stork Nesting Site Near Silverstreet, SC

Saluda

Little

Silverstreet Site

Tosity Creek Site
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Summary

Approximately 60 wood storks were observed foraging on exposed mudflats
within the Saluda Project Boundary upstream of Beaverdam Creek (See Point 1 - Figure
2). This observation, combined with other sightings of feeding assemblages throughout
the middle Saluda Basin, suggests that wood storks are readily using a wide range of
habitats in the basin for foraging. The storks observed feeding within the project
boundary were feeding on mudflats exposed by the Lake Murray drawdown. It remains
unclear at this time whether storks will utilize the lake as a foraging area once the lake
has returned to full pool elevation. Tom suggested follow-up surveys next year to
determine if storks are utilizing the lake for foraging after it is returned to full pool.

Two potential nesting sites were examined during the survey, one just south of
Silverstreet and the other along the Saluda River near Tosity Creek (See Figure 4). At
the Silverstreet site, approximately 12 nests resembling wood stork nests were observed;
however, no storks were present at the time of the survey. When the nests were initially
located on 8/4/04, several storks were observed standing in the nests and roosting nearby;
however, none appeared to be newly-fledged juveniles. The Silverstreet Site is not
located within the Saluda Project Boundary.

Approximately 10 nests were located at the Tosity Creek site. The size, structure,
and location of the nests were typical of wood storks; however, no wood storks were
observed in the vicinity and it was noted that they could potentially be great blue heron
nests. Based on initial field observations, the Tosity Creek site appears to be located
within the Saluda Project Boundary.

Some uncertainty remains as to whether the observed nests were wood stork
nests, and if so, whether nesting was successful at the Silverstreet and Tosity Creek sites.
In discussions with Tom Murphy, it was suggested that a similar survey be conducted
during next year’s nesting season to determine whether reproduction is taking place at
these locations.
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Attendees

Ed Eudaly USFWS Tom Murphy SCDNR
Randy Mahan SCANA Services Kristina Massey SCE&G
Tom Eppink SCANA Services Tommy Boozer SCE&G
Van Hoffman SCE&G Bill Argentieri SCE&G
Shane Boring Kleinschmidt Alan Stuart Kleinschmidt

Action Items Due Date

 Incorporate comments from 9/17/04 conference call into report and distribute to group.
Shane Boring October 12, 2004

 Draft study plan based on recommendations from 9/17/04 conference call and distribute to
group for review and comment.
Shane Boring October 13, 2004

Meeting Notes

These notes summarize the major items discussed during the meeting and are not
intended to be a transcript or analysis of the meeting.

Shane opened the meeting at 10:00 AM and noted that the focus of the meeting would be
to discuss: (1) the trip report from the 8/27/04 wood stork aerial reconnaissance survey, (2)
future wood stork monitoring needs on Lake Murray, and (3) FERC’s order to designate two
areas in the Brushy Creek and Bush River areas as “conservation areas” for wood storks.

Comments on Reconnaissance Survey Trip Report

The group found the report generally acceptable. Ed Eudaly asked that the reservoir
elevation be added to the Survey Observations portion of the report in order to provide as much
pertinent background information as possible.

Shane asked Tom Murphy to clarify whether the storks reported feeding along Brushy
Creek and Bush River (See Figure 1 of report) had been observed by SCDNR staff or had been
reported by private individuals. Tom indicated that Mr. Joe Harris (a local resident) had
observed and documented storks feeding at these locations intermittently over an approximately
three-year-long period. Randy Mahan noted that SCE&G staff had a meeting scheduled with
Mr. Harris on October 4 to discuss these observations.

Van Hoffman noted that the two locations where potential nests were observed (See
Figure 4) were located in backwater areas approximately 500 -600 feet off the main river channel
and that these areas are more influenced by operations at Lake Greenwood (Buzzard’s Roost)
than by the Lake Murray pool. He added that the location where storks were observed feeding
during the survey (Point 1 on Figure 2) is in the vicinity of where the riverine habitat (influenced
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by Buzzard’s Roost) begins to give way to more lacustrine habitats influenced by the Lake
Murray pool.

Future Monitoring Needs

Tom and Ed both noted the need for a longer-term study (possible 3-7 years) to document
where and under what conditions storks are using Lake Murray. The group identified several
objectives for the study including the following:

 Documentation of nesting (i.e., whether the nests observed during 2004 were in fact
stork nests), and if so, if successful reproduction is taking place.

 Documentation of foraging habitat and roosting areas, in particular, documentation of
important night roosts (if they exist in the area).

 Examination of foraging conditions over multiple years and a range of water levels.
 Documentation of usage by various age classes (i.e., young-of-year, immature, adult).
 Examination of the influence of the Lake Murray drawdown on the presence of storks

in the area.

The group briefly discussed the possibility of additional surveys during 2004, but decided
that it would be better to begin surveys in March 2005 (when the birds begin returning to SC for
the nesting season) and focus the remainder of this year on putting together a solid study plan.
The group agreed upon the following study plan components:

 Monthly aerial surveys beginning in late-March and continuing through October each
year.

 Ground surveys as necessary based on aerial observations (i.e., to confirm nesting,
presence of young-of-year or pre-flight juveniles, presence of night roosts, etc.)

 A defined geographic and temporal scale.

Shane Boring agreed to draft a proposed study plan as outlined above and distribute the
group for review as soon as is practicable.

Kristina Massey suggested, and the group agreed, that the preliminary result of the first
two years of the study should be compiled in a report for inclusion with the Saluda Hydro FERC
license application. The group also agreed that a brief annual report should be issued, followed
by a conference call with the agencies to discuss the progress of the study and need for potential
modifications to the scope. Shane and Tom agreed that a brief e-mail update could be issued
following each survey flight.
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Potential Designations of Conservation Areas in response to the Shoreline Management Plan
FERC Order

Randy Mahan provided a brief explanation of FERC’s Shoreline Management Plan order
(dated 06/24/04), specifically, Item H dealing with consultation with the agencies regarding
wood storks. Randy explained that Item H required SCE&G to consult with the agencies and to
develop a plan to provide protection for areas where wood stork foraging and roosting has been
documented. Randy indicated that consultation efforts are underway and that SCE&G proposes
to temporarily designate these areas as Environmental Research Areas. Randy indicated that,
under SCE&G’s proposal, consultation efforts and protection of the areas would continue
through the duration of the long-term study outlined above. He added that this would allow for
evaluation of the influence of the Lake Murray drawdown on usage of the project area by storks
(i.e., whether they will be present in significant numbers at normal reservoir elevation) and an
appropriate long-term designation. Alan queried Tom Murphy and Ed as to whether this
approach seemed logical and whether their agencies would support SCE&G’s efforts in this
regard. Ed and Tom were both of the opinion that SCE&G’s proposal sounded like a reasonable
approach and one that their respective agencies could support.
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Cheryl Balitz

From: Jennifer Summerlin
Sent: Monday, January 08, 2007 10:07 AM
To: 'Steve Bell'; Alan Stuart; Alison Guth; 'Amanda Hill'; 'Bill Argentieri'; 'Columbia Individual

(jdjaco@columbiasc.net)'; 'Dee Bennett '; 'Dick Christie'; 'Harold Moxley'; Jennifer Summerlin;
'Prescott Brownell'; Shane Boring

Subject: Saluda Relicensing: 2007 American Shad Telemetry Study Plan

All:

Attached for your review is the 2007 American Shad Telemetry Study Plan. Please review and have comments back to
me by January 29, 2007.

American Shad
Telemetry Study ...

Thanks,

Jennifer Summerlin
Scientist Technician
Kleinschmidt Associates
101 Trade Zone Drive, Suite 21A
West Columbia, SC 29170
P:803.822.3177
F:803.822.3183



Saluda Hydro Project (FERC No. 516)

Study Plan: 2007 Diadromous Fish Studies
American Shad Telemetry Study for the Lower Saluda, Congaree and Broad Rivers

Diadromous Fish Technical Working Committee
Draft – January 8, 2007

I. Study Objective

The objective of this study will be to characterize the movements of migrating American shad
(Alosa sappadissima) in the Lower Saluda (LSR), Congaree, and Broad Rivers for purposes of
determining:

 usage of the lower Saluda River (LSR) downstream of Saluda Hydro dam;
 potential usage of the Columbia Hydro tailrace;
 potential usage of the Columbia fish passage facility on the Broad River; and
 migration upstream of the Columbia Hydro Project to the base of Parr Hydro.

II. Basis

Enhancement and restoration of anadromous Alosids to South Carolina waters has become an
important objective of resource agencies. Each spring, efforts to pass migrating American shad
and blueback herring are undertaken at the first barriers to migration in the Santee-Cooper
system. Once passed, these fish have several migration pathways from which to choose. One
potential pathway could result in these fish entering the LSR near Columbia. The relative
abundance and potential spawning of this segment of the population is of particular interest to
managers.

Another pathway would result in fish entering the Broad River, also located near Columbia.
Recently, South Carolina Electric and Gas (SCE&G) installed a fish passage facility at the
Columbia Hydro diversion dam. The fish passage facility was constructed to allow target fish
species, such as American shad and blueback herring, to migrate upstream over the diversion
dam to reach spawning grounds. The success of passing diadromous species through the
Columbia fish passage facility is of importance to resource agencies and interested stakeholders.

During the relicensing process of Columbia Hydro, resource agencies expressed interest in the
potential for American shad to utilize the tailwaters of the project. Agencies were concerned that
during times of high power generation, American shad may be influenced and be attracted to the
tailrace as opposed to migrating up the bypass reach towards the fish way. Further, the agencies
indicated that if significant numbers of Alosids utilize the Columbia tailrace then reductions in
project operations may be necessary to re-direct shad in the tailrace to the bypass reach.



III. Geographic and Temporal Scope

The telemetry study will focus on the Congaree River near the downstream extent of the
Congaree National Park, upstream of Highway 601 Bridge; the LSR from downstream of the
Saluda Hydro Dam to its confluence with the Broad River; and the Broad River from the Parr
Shoals Dam to its confluence with the LSR.

The study will be conducted during Spring 2007, when American shad would be expected to
undertake their upstream spawning migrations. Study timing will be based on passage numbers
at the St Stephens Fish Ladder located downstream at the Santee Cooper Project (FERC Project
No. 299). Duration of the study may be adjusted based on battery life of transmitters, mortality
of target species and/or consultation with resource agencies and interested stakeholders. It is
anticipated the study will last through August 2007.

IV. Methodology

Tagging

Approximately 40 - 50 American shad will be collected from the Congaree River in the vicinity
of the Highway 601 Bridge during the 2007 inmigrating spawning season. Both male and female
will be captured depending on availability. To facilitate collections, the SCDNR will notify
Kleinschmidt Associates and/or SCE&G when significant numbers of Alosids begin to move
through St. Stephens Fish Lift at Pineopolis Dam. Collections will be by standard boat
electrofishing methods, and captured fish will be dip netted and placed in a live well. Each
captured fish will be measured (mm) and a VemcoV-9 coded acoustic transmitter will be inserted
through the esophagus into the upper alimentary canal via a slender wooden probe (Olney et al.
2006). Each transmitter will be coated with glycerin to reduce abrasion of the esophagus
(Beasley et al. 2000). Dry weight of acoustic transmitters will not exceed 2% of fish wet weight.
Tagged American shad will be placed in a holding pen for a short observation period to ensure
recovery and then released.

Monitoring

The SCNDR has installed an array of receivers in the lower Saluda and Congaree Rivers. To
expand the current SCDNR study and conduct the scope of this study, additional receivers will
be installed at locations in the Broad River and below the Columbia Hydro Powerhouse.
Acoustic equipment for this study will include Vemco V-9 coded acoustic transmitters (69 kHz)
and Vemco VR2 ultrasonic receivers (Vemco, Shad Bay, Nova Scotia). The transmitters will
relay an acoustic ping to the Vemco receiver(s), which will be programmed to record the
transmitter code, time of passage, depth, and location of each shad. Data will be downloaded
from receivers on a bi-monthly basis.

Locational data will be recorded from an array of Vemco receivers deployed (or will be deployed
prior to tagging) at the following locations (Attachment A):

 Congaree River near Highway 601 Bridge;
 Congaree River at the upstream extent of the Congaree National Park;
 Congaree River near Carolina Eastman;



 Congaree River in the vicinity of the Rosewood Boat Landing;
 LSR below Lake Murray Dam;
 LSR near Corley Mill Island;
 LSR adjacent to the Radio Towers;
 LSR adjacent to Riverbanks Zoo;
 Broad River in the vicinity of Columbia Hydro tailrace;
 Broad River below the diversion dam;
 Broad River in the vicinity of Harbison State Park; and
 Broad River below Parr Shoals Dam.

Data Retrieval

Data will be retrieved from the receivers on a bi-monthly basis by SCDNR, SCE&G or
Kleinschmidt personnel. Data retrieved from the receivers will be given a unique file name
which includes receiver location and date.

V. Schedule and Required Conditions

Sampling for American shad in the lower Saluda, Broad, and Congaree Rivers will be conducted
during spring 2007 when significant number of American shad reaches the St. Stephens fish lift
at Pineopolis Dam. A draft report summarizing the results will be issued in October 2007. The
report will contain information on spatial and temporal movements of tagged fish and contain
any appropriate maps or GIS information.

VI. Use of Study Results

Results of the telemetry study will be used as an information resource during discussion of
relicensing issues with the SCDNR, NMFS, USFWS, relicensing issue working groups, and
other relicensing stakeholders.

VI. Study Participants

NAME ORGANIZATION PHONE E-MAIL
Applicant

Leads
Stephen Summer
Milton Quattlebaum
Alan Stuart
Shane Boring
Jennifer Summerlin

SCANA Services
SCANA Services
Kleinschmidt
Kleinschmidt
Kleinschmidt

803.217.7357
803.608.6296
803.822.3177
803.822.3177
803.822.3177

ssummer@scana.com
mquattlebaum@scana.com
alan.stuart@kleinschmidtusa.com
shane.boring@kleinschmidtusa.com
jennifer.summerlin@kleinschmidtusa.com

Agency Leads Dick Christie
Jason Bettinger
Amanda Hill
Prescott Brownell

SCDNR
SCDNR
USFWS
NOAA Fisheries

803.289.7022
803.353.8232
843.727.4707
843.762.8591

dchristie@infoave.net
BettingerJ@dnr.sc.gov
Amanda-hill@fws.gov
Prescott.brownell@noaa.gov

Other
Participants

William Argentieri
Randy Mahan

SCE&G
SCANA Services

803.217.9162
803.217.9538

bargentieri@scana.com
rmahan@scana.com

VII. List of Attachments

ATTACHMENT A: Map of receiver monitoring stations on the lower Saluda, Broad, and
Congaree rivers.
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Kacie Jensen

From: Jennifer Summerlin
Sent: Monday, January 08, 2007 10:07 AM
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Subject: Saluda Relicensing: 2007 American Shad Telemetry Study Plan

All:

Attached for your review is the 2007 American Shad Telemetry Study Plan. Please review and have comments back to
me by January 29, 2007.

American Shad
Telemetry Study ...

Thanks,

Jennifer Summerlin
Scientist Technician
Kleinschmidt Associates
101 Trade Zone Drive, Suite 21A
West Columbia, SC 29170
P:803.822.3177
F:803.822.3183



Saluda Hydro Project (FERC No. 516)

Study Plan: 2007 Diadromous Fish Studies
American Shad Telemetry Study for the Lower Saluda, Congaree and Broad

Rivers

Diadromous Fish Technical Working Committee
Draft – January 8, 2007

I. Study Objective

The objective of this study will be to characterize the movements of migrating
American shad (Alosa sappadissima) in the Lower Saluda (LSR), Congaree, and
Broad Rivers for purposes of determining:

 usage of the lower Saluda River (LSR) downstream of Saluda Hydro dam;
 potential usage of the Columbia Hydro tailrace;
 potential usage of the Columbia fish passage facility on the Broad River;

and
 migration upstream of the Columbia Hydro Project to the base of Parr

Hydro

II. Basis

Enhancement and restoration of anadromous Alosids to South Carolina waters has
become an important objective of resource agencies. Each spring, efforts to pass
migrating American shad and blueback herring are undertaken at the first barriers to
migration in the Santee-Cooper system. Once passed, these fish have several
migration pathways from which to choose. One potential pathway could result in
these fish entering the LSR near Columbia. The relative abundance and potential
spawning of this segment of the population is of particular interest to managers.

Another pathway would result in fish entering the Broad River, also located near
Columbia. Recently, South Carolina Electric and Gas (SCE&G) installed a fish
passage facility at the Columbia Hydro diversion dam. The fish passage facility was
constructed to allow target fish species, such as American shad and blueback herring,
to migrate upstream over the diversion dam to reach spawning grounds. The success
of passing diadromous species through the Columbia fish passage facility is of
importance to resource agencies and interested stakeholders.

During the relicensing process of Columbia Hydro, resource agencies expressed
interest in the potential for American shad to utilize the tailwaters of the project.
Agencies were concerned that during times of high power generation, American shad
may be influenced and be attracted to the tailrace as opposed to migrating up the
bypass reach towards the fish way. Further, the agencies indicated that if significant



numbers of Alosids utilize the Columbia tailrace then reductions in project operations
may be necessary to re-direct shad in the tailrace to the bypass reach.

III. Geographic and Temporal Scope

The telemetry study will focus on the Congaree River near the downstream extent of
the Congaree National Park, upstream of Highway 601 Bridge; the LSR from
downstream of the Saluda Hydro Dam to its confluence with the Broad River; and the
Broad River from the Parr Shoals Dam to its confluence with the LSR.

The study will be conducted during Spring 2007, when American shad would be
expected to undertake their upstream spawning migrations. Study timing will be
based on passage numbers at the St Stephens Fish Ladder located downstream at the
Santee Cooper Project (FERC Project No. 299). Duration of the study may be
adjusted based on battery life of transmitters, mortality of target species and/or
consultation with resource agencies and interested stakeholders. It is anticipated the
study will last through August 2007.

IV. Methodology

Tagging

Approximately 40 - 50 American shad will be collected from the Congaree River in
the vicinity of the Highway 601 Bridge during the 2007 inmigrating spawning season.
Both male and female will be captured depending on availability. To facilitate
collections, the SCDNR will notify Kleinschmidt Associates and/or SCE&G when
significant numbers of Alosids begin to move through St. Stephens Fish Lift at
Pineopolis Dam. Collections will be by standard boat electrofishing methods, and
captured fish will be dip netted and placed in a live well. Each captured fish will be
measured (mm) and a VemcoV-9 coded acoustic transmitter will be inserted through
the esophagus into the upper alimentary canal via a slender wooden probe (Olney et
al. 2006). Each transmitter will be coated with glycerin to reduce abrasion of the
esophagus (Beasley et al. 2000). Dry weight of acoustic transmitters will not exceed
2% of fish wet weight. Tagged American shad will be placed in a holding pen for a
short observation period to ensure recovery and then released.

Monitoring

The SCNDR has installed an array of receivers in the lower Saluda and Congaree
Rivers. To expand the current SCDNR study and conduct the scope of this study,
additional receivers will be installed at locations in the Broad River and below the
Columbia Hydro Powerhouse. Acoustic equipment for this study will include Vemco
V-9 coded acoustic transmitters (69 kHz) and Vemco VR2 ultrasonic receivers
(Vemco, Shad Bay, Nova Scotia). The transmitters will relay an acoustic ping to the
Vemco receiver(s), which will be programmed to record the transmitter code, time of



passage, depth, and location of each shad. Data will be downloaded from receivers
on a bi-monthly basis.

Locational data will be recorded from an array of Vemco receivers deployed (or will
be deployed prior to tagging) at the following locations (Attachment A):

 Congaree River near Highway 601 Bridge;
 Congaree River at the upstream extent of the Congaree National Park;
 Congaree River near Carolina Eastman;
 Congaree River in the vicinity of the Rosewood Boat Landing;
 LSR below Lake Murray Dam;
 LSR near Corley Mill Island;
 LSR adjacent to the Radio Towers;
 LSR adjacent to Riverbanks Zoo;
 Broad River in the vicinity of Columbia Hydro tailrace;
 Broad River below the diversion dam;
 Broad River in the vicinity of Harbison State Park; and
 Broad River below Parr Shoals Dam.

Data Retrieval

Data will be retrieved from the receivers on a bi-monthly basis by SCDNR, SCE&G
or Kleinschmidt personnel. Data retrieved from the receivers will be given a unique
file name which includes receiver location and date.

V. Schedule and Required Conditions

Sampling for American shad in the lower Saluda, Broad, and Congaree Rivers will be
conducted during spring 2007 when significant number of American shad reaches the
St. Stephens fish lift at Pineopolis Dam. A draft report summarizing the results will
be issued in October 2007. The report will contain information on spatial and
temporal movements of tagged fish and contain any appropriate maps or GIS
information.

VI. Use of Study Results

Results of the telemetry study will be used as an information resource during
discussion of relicensing issues with the SCDNR, NMFS, USFWS, relicensing issue
working groups, and other relicensing stakeholders.
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NOAA Fisheries

803.289.7022
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843.762.8591

dchristie@infoave.net
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From: Alison Guth
To: "Kenneth Fox"; 
Subject: Osprey nesting platforms
Date: Thursday, November 15, 2007 1:30:35 PM

Hello Ken, 
Hope you are doing well.  I was wondering if you were still involved with the osprey nesting platforms 
with LMA.  I need to put a little blurb about it in the draft license application and was wondering if you 
can tell me a little about what has been done over the past several years, and the work that LMA has 
done and any support SCE&G has given, as well.  Thanks so much in advance.  I am sure I will see you 
soon at one of our many relicensing meetings!   
Take care,  
Alison   
Alison Guth 
Licensing Coordinator  
Kleinschmidt Associates 
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
Phone 803-951-2077 
Fax 803-951-2124 
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From: Ed_Eudaly@fws.gov
To: Alan Stuart; 
cc: Alan Stuart; Alison Guth; Amanda Hill; BARGENTIERI@scana.com; 

J. Hamilton Hagood; Laura Blake (E-mail); murphyt@dnr.sc.gov; 
RMAHAN@scana.com; Shane Boring; ssummer@scana.com; tboozer@scana.
com; 

Subject: Re: Conference Call to dicuss the wood stork study
Date: Friday, February 02, 2007 8:10:38 AM

 
February 6 is acceptable if you can start at 2:30 instead of 2:00.  
February 9 at 2:00 is acceptable.  
 
Ed EuDaly 
U.S. Fish and Wildlife Service 
176 Croghan Spur Road, Suite 200 
Charleston, SC 29407 
843-727-4707 ext. 227 
FAX 843-727-4218  
 
 
"Alan Stuart" <Alan.
Stuart@KleinschmidtUSA.com> 

02/01/2007 05:46 PM 

To "Shane Boring" <shane.
boring@kleinschmidtusa.com>, "Alan Stuart" 
<alan.stuart@kleinschmidtusa.com>, "Amanda 
Hill" <amanda_hill@fws.gov>, "Bill Argentieri" 
<bargentieri@scana.com>, "Randy Mahan" 
<rmahan@scana.com>, "J. Hamilton Hagood" 
<jhamilton@scana.com>, <murphyt@dnr.sc.
gov>, <tboozer@scana.com>, 
<Ed_Eudaly@fws.gov>, "Laura Blake \(E-mail
\)" <lblake@scana.com>, <ssummer@scana.
com>, "Alison Guth" <Alison.
Guth@KleinschmidtUSA.com> 

cc

Subject Conference Call to dicuss the wood stork study

 
 

 
 
 
Good afternoon,  
   
Hopefully by now you have had a little opportunity to review the wood 
stork two year summary report Shane distributed back on February 20, 
2007.  One of the goals of the wood stork study was to document wood 
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stork usage and any critical habitats (with special concern for rookery and 
reproductive habitat/evidence). If you recall, the Wood Stork Study Plan 
prepared back in 2004/2005 stated that we would reconvene to discuss 
the results of the first two years of surveys and the need to continue the 
study.  Results of the study to date, suggest very limited and sporadic 
post-dispersal foraging within habitats surrounding the project and no 
evidence of reproductive behavior in the project area.  As relicensing costs 
continue to mount for SCE&G I believe their is interest on their part to 
discontinue or curtail the surveys given the results of the first two years of 
effort.  
   
Since the study plan outlines this 2 year check and adjust point, I would 
like to schedule a conference call for either 2:00 pm on Tuesday February 
6th or 2:00 pm Friday, February 9th.  Could you please check your 
calendars and let me know if you are available on either of those days to 
discuss the report and findings to date.  Preference is given to the 
afternoon of the 6th with the 9th as secondary.  
   
Thank you for your efforts on the wood stork study and relicensing of 
Saluda Hydro.  You may respond via email but if you have questions or 
need more clarification please do not hesitate to give me a call.  
   
bests,  
Alan  
   
   
   
Alan Stuart  
Senior Licensing Coordinator  
Kleinschmidt Energy and Water Resources  
101 Trade Zone Drive Suite 21A  
West Columbia, SC 29170  
   
Office: 803-822-3177  
Cell:     803-640-8765  
Fax:    803-822-3183  
   
email:  Alan.Stuart@kleinschmidtusa.com  
 
 
 

mailto:Alan.Stuart@kleinschmidtusa.com


From: Alison Guth
To: "C Coleman"; 
Subject: RE: Draft Flow Study Report
Date: Wednesday, October 17, 2007 9:19:34 AM

Hey Charlene,
 
Sure, is this address right?
 
3361 Makeway Drive 
Columbia, SC  29201

-----Original Message----- 
From: C Coleman [mailto:cheetahtrk@yahoo.com]  
Sent: Wednesday, October 17, 2007 8:48 AM 
To: Alison Guth 
Subject: Re: Draft Flow Study Report 
 
could you mail me a CD?
Thanks
Charlene 
 
It is not so much the example of others we imitate, as the reflection of 
ourselves in their eyes and the echo of ourselves in their words. 
--Eric Hoffer 
 
Charlene Coleman 
 
American Whitewater 
Regional Coordinator 
 
 
----- Original Message ---- 
From: Alison Guth <Alison.Guth@KleinschmidtUSA.com> 
To: Tony Bebber <tbebber@scprt.com>; Bill Argentieri 
<bargentieri@scana.com>; Bill Marshall <marshallb@dnr.sc.gov>; 
Charlene Coleman <cheetahtrk@yahoo.com>; Dave Anderson <dave.
anderson@kleinschmidtusa.com>; Guy Jones <guyjones@sc.rr.com>; 
J. Hamilton Hagood <jhamilton@scana.com>; Jennifer Summerlin 
<Jennifer.Hand@KleinschmidtUSA.com>; Jim Cumberland 
<jimc@scccl.org>; Karen Kustafik <kakustafik@columbiasc.net>; 

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=ALISON.GUTH
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Kelly Maloney <Kelly.Maloney@KleinschmidtUSA.com>; Malcolm 
Leaphart <malcolml@mailbox.sc.edu>; Mike Waddell 
<mwaddell@esri.sc.edu> 
Cc: Alan Stuart <Alan.Stuart@KleinschmidtUSA.com> 
Sent: Tuesday, September 25, 2007 4:39:43 PM 
Subject: Draft Flow Study Report 
 
The following message is from Kelly Maloney:  
Good Afternoon Everyone,  
I hope this email finds you well. First of all, I would like to thank everyone 
for assisting with this effort - whether it be feedback received during TWC 
meetings, participation in the focus group, and/or participation in the on-
site evaluations, your input into this effort is truly appreciated and 
invaluable. 

Attached is the Draft Downstream Flow Study Report for your review and 
comment. I have attempted to reduce the file size by zipping the three 
files (report and two appendices). I was unable to email them, however, 
because the file sizes are still too large.  I am having Alison Guth pass 
these files along to you but if you are unable to retrieve these due to file 
size constraints, please let me know and I will get these to you in 
hardcopy or via CD, if necessary. 

I would love to be able to tell everyone to take their time in reviewing this 
document but alas, my due date is impending.  It would be wonderful if 
everyone could get their comments and edits back to me in the next three 
weeks (by October 19).  That should give me enough time to address any 
issues or corrections and finalize the report before my departure.  I thank 
everyone, in advance, for their time and assistance.

Please let me know if you have any questions or concerns.  
Thank you,  
Kelly Maloney 
Kleinschmidt Associates 
Energy and Water Resource Consultants 
141 Main Street, PO Box 650 
Pittsfield, Maine 04967-0650 
207-487-3328 x 271 
207-487-3124 fax 
Kelly.Maloney@KleinschmidtUSA.com  
<<Draft Flow Assessment Report.zip>> 



 
 
 
 
__________________________________________________ 
Do You Yahoo!? 
Tired of spam? Yahoo! Mail has the best spam protection around  
http://mail.yahoo.com 



From: Jennifer Hand
To: "Prescott Brownell"; 
Subject: RE: 2007 Shortnose Sturgeon draft Report
Date: Friday, October 05, 2007 11:24:26 AM

Thanks Prescott!  Hope to see ya soon! 
Jeni 
-----Original Message----- 
From: Prescott Brownell [mailto:Prescott.Brownell@noaa.gov]  
Sent: Friday, October 05, 2007 11:22 AM 
To: Alan Stuart 
Cc: Jennifer Hand; QUATTLEBAUM, MILTON; SUMMER, STEPHEN E 
Subject: Re: 2007 Shortnose Sturgeon draft Report 
 
Good morning Alan, 
This is to confirm for record purposes that NMFS completed review of the  
Draft Shortnose Sturgeon Report, and finds it to be adequate.  Thanks to  
Jenni Summerlin for directing this important study. 
Best regards 
Prescott Brownell 
National Marine Fisheries Service 
South Atlantic Branch Office 
219 Fort Johnson Road 
Charleston, SC 29412 
843-953-7204 
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From: Shane Boring
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; 

Brandon Stutts ; Buddy Baker ; Dick Christie (dchristie@comporium.net); 
Jennifer Hand; Jim Glover; Randy Mahan; Ron Ahle; 

Subject: Lake Murray Waterfowl Surveys - Update
Date: Friday, November 30, 2007 9:25:39 AM

Dear Terrestrial Resources TWC Members: 
Warren "Cub" Stephens from Savannah River Ecology Lab flew the first of 6 waterfowl surveys on Lake 
Murray for the 2007 - 2008 waterfowl season on Friday, November 16th.  Four mallards and 
approximately 20 Canada geese were observed.  Cub noted that water levels were extremely low due to 
prevailing drought conditions, resulting in limited availability of littoral habitats and aquatic vegetation.  
The next survey is scheduled for Monday, December 3rd.  Please don't hesitate to call should you have 
questions regarding the surveys. 
Shane     
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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From: Alison Guth
To: "Kenneth and Sandy Fox"; 
Subject: RE: Osprey nesting platforms
Date: Friday, November 16, 2007 12:11:15 PM

Thank you so much!  I appreciate all the helpful data!
 
Have a great Thanksgiving,
 
Alison

-----Original Message----- 
From: Kenneth and Sandy Fox [mailto:skfox@sc.rr.com]  
Sent: Thursday, November 15, 2007 2:45 PM 
To: Alison Guth 
Subject: Re: Osprey nesting platforms 
 
Alison, over the past three years I have written several articles about the 
Ospreys on Lake Murray, they are attached. Ignore all the numbers of 
platforms in the articles because the number has been a moving target 
because of installation of additional platforms. LMA established a goal of 
two platforms each year. This goal has been met each year. As some of 
the articles state a new all metal platform was designed and is now in use. 
The wood platforms failed after some years and had to be replaced, two 
this year as a matter of fact. Here are the actual numbers of platforms at 
this time. thirteen (13) wooden platforms, seven (7) all metal platforms. 
We have on hand three (3) all metal platforms for replacement and future 
installation.  SCE&G paid for six (6) of the all metal platforms. I hope this 
information will be useful to you.
 
Ken Fox
 
 

----- Original Message ----- 
From: Alison Guth 
To: Kenneth Fox 
Sent: Thursday, November 15, 2007 1:30 PM
Subject: Osprey nesting platforms
 
Hello Ken, 

Hope you are doing well.  I was wondering if you were still involved with 
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the osprey nesting platforms with LMA.  I need to put a little blurb about 
it in the draft license application and was wondering if you can tell me a 
little about what has been done over the past several years, and the 
work that LMA has done and any support SCE&G has given, as well.  
Thanks so much in advance.  I am sure I will see you soon at one of our 
many relicensing meetings!  

Take care,  
Alison  

Alison Guth  
Licensing Coordinator  
Kleinschmidt Associates  
204 Caughman Farm Lane, Suite 301  
Lexington, SC 29072  
Phone 803-951-2077  
Fax 803-951-2124 

 



From: Jennifer Hand
To: "Prescott Brownell"; 
Subject: RE: 2007 Shortnose Sturgeon draft Report
Date: Friday, October 05, 2007 11:24:26 AM

Thanks Prescott!  Hope to see ya soon! 
Jeni 
-----Original Message----- 
From: Prescott Brownell [mailto:Prescott.Brownell@noaa.gov]  
Sent: Friday, October 05, 2007 11:22 AM 
To: Alan Stuart 
Cc: Jennifer Hand; QUATTLEBAUM, MILTON; SUMMER, STEPHEN E 
Subject: Re: 2007 Shortnose Sturgeon draft Report 
 
Good morning Alan, 
This is to confirm for record purposes that NMFS completed review of the  
Draft Shortnose Sturgeon Report, and finds it to be adequate.  Thanks to  
Jenni Summerlin for directing this important study. 
Best regards 
Prescott Brownell 
National Marine Fisheries Service 
South Atlantic Branch Office 
219 Fort Johnson Road 
Charleston, SC 29412 
843-953-7204 
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From: Amanda_Hill@fws.gov
To: Shane Boring; Alison Guth; Alan Stuart; 
Subject: FWS Macroinvert Report Comments
Date: Monday, November 26, 2007 12:36:38 PM
Attachments: 2007 Lower Saluda Macroinvert report(agency draft.doc;11192007)

_FWScomments.doc 

 
(See attached file: 2007 Lower Saluda Macroinvert report(agency 
draft.doc;11192007)_FWScomments.doc) 
 
 
 
Amanda Hill 
Fisheries Biologist 
U.S. Fish and Wildlife Service 
176 Croghan Spur Rd., Suite 200 
Charleston, SC 29407 
843-727-4707 ext. 303 
843-727-4218 fax 
amanda_hill@fws.gov 
"For all at last returns to the sea - 
to Oceanus, the ocean river, 
like the everflowing stream of time, 
the beginning and the end."              -Rachel Carson 
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I.  SUMMARY

On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY BIOLOGICAL SERVICES, LLC (SCDHEC Laboratory Certification No. 32010), SOUTH CAROLINA ELECTRIC & GAS (SCE&G), and KLEINSCHMIDT ASSOCIATES conducted an instream benthic macroinvertebrate community rapid bioassessment on the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SCE&G. Additionally, three replicate Hester Dendy multi-plate macroinvertebrate samplers were placed at each sampling station on 25 July 2007, allowed to colonize, and collected on 19 September 2007 to compare with the rapid bioassessment data.


To determine if macroinvertebrate communities differed significantly between sampling stations, data were analyzed with linear regression. Regression analysis of the Hester Dendy data showed biotic conditions improved significantly as distance from the dam increased. This result was expected. Studies have demonstrated that rapid fluctuations in current velocity and water level associated with the operation of hydroelectric dams results in reduced diversity, by decreasing habitat and/or survival of habitat-specific taxa (Death, 1995; Death and Winterbourn, 1995; Ward and Stanford, 1995; Valentin et al., 1995). As distance from the dam increases, the fluctuations in current velocity and water level are smaller and slower, resulting in improved biotic conditions.


For the rapid bioassessment data, regression analysis showed no detectable trends in taxa richness, total abundance, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam in July or in September. The July samples did show a significant increase in the EPT indices as distance from the dam increased. The September samples showed a significant increase in EPT index and EPT abundance values as distance from the dam increased. The September samples also showed a significant decrease in NCBI values as distance from the dam increased. This corroborates the Hester-Dendy data.

Comparing the two methods, the Hester Dendy method detected trends among stations that were not statistically significant for the rapid bioassessment data. This may be due to the high sampling variability of rapid bioassessment samples. There is greater variability in the rapid bioassessment data because this method only samples the river margins, where habitat is less stable due to river level fluctuations. The Hester Dendy samplers provide a more stable habitat, and lower variability in the samples enables the detection of trends in the macroinvertebrate community.

II. INTRODUCTION


On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY BIOLOGICAL SERVICES, LLC, SOUTH CAROLINA ELECTRIC & GAS (SCE&G), and KLEINSCHMIDT ASSOCIATES, conducted a benthic macroinvertebrate rapid bioassessment on the lower Saluda River downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SCE&G.


The hydroelectric dam produces electricity from water obtained from Lake Murray. This water is released into the lower Saluda River and can affect the benthic macroinvertebrate communities downstream in several ways. First, mechanical disturbance results from rapid changes in water level and current velocity during the production of power. This disturbance can reduce the amount of stable macroinvertebrate habitats, including stream banks, leaf packs, and fine sediment deposits (Stalnaker et al., 1989; Death, 1995; Ward and Stanford, 1995; Valentin et al., 1995). Secondly, due to the thermal stratification of Lake Murray in summer, the release of anoxic water from the hypolimnion can reduce oxygen levels of the lower Saluda River. This can reduce the amount of suitable habitat for macroinvertebrates, which require oxygen to live.


Due to a lack of reference or control stations
, it is not possible to determine if operation of the hydroelectric dam (rapid, periodic fluctuations in water level and current velocity) has caused a reduction in the diversity and abundance of the macroinvertebrate community at the sampled locations. However, this study can answer the following questions:


1)  Are there significant differences in the macroinvertebrate community as a function of distance from the hydroelectric dam?


2)  What differences were found between rapid bioassessment and Hester Dendy multi-plate sampler collection methods?

III. DESCRIPTION OF THE STUDY AREA


Six stations were sampled on the lower Saluda River, beginning directly downstream from the hydroelectric dam’s release and ending approximately 10.5 kilometers downstream (Figure 1). The first sampling site, Station TR, was established approximately 500 meters downstream from the hydroelectric dam. Available habitat consisted of thick mats of submerged aquatic macrophytes, submerged logs and some rocks
.


[image: image14.png]T
0gDn4 08 12 16
3
~ \
N :
B \
SPW
o Broay Rjver
-~ G ‘
i e > I
Iy TR \
r\'/J |’
N
B ’
2 - -
B
R
0
Y
Al <
— v





Figure 1.
Sampling locations for benthic macroinvertebrates collected from the lower Saluda River, downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina.


The second sampling site, Station SPW, was located in the side channel formed by the dam's spillway. This channel was located approximately one kilometer downstream from the hydroelectric dam. When not in use, the spillway channel receives water only from seeps along the banks, leakage from spillway gates, and the backwater effect from the Saluda's mainstem. Available habitats included submerged aquatic macrophytes, vegetated banks, large rocks and boulders, and the channel bottom
.


The third river sampling site, Station MR, was located just upstream of the confluence with Twelve Mile Creek and approximately 4.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, large rocks, vegetated banks, and the muddy channel bottom.


The fourth river sampling site, Station LR, was located between the Interstate 20 and Interstate 26 bridges and approximately 8.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, vegetated banks, a riffle area, and the muddy channel bottom.


The fifth river sampling site, Station OB, was located near the Ocean Boulevard shoal area and approximately 9.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, vegetated banks, large boulders and rocks, aquatic macrophytes, and the river bottom.


The sixth river sampling site, Station ZO was located near the Riverbanks Zoo river access and approximately 10.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, vegetated banks, and the muddy channel bottom.


Previous rapid bioassessments included other sampling sites. These stations included Stations UR and OX. 


IV. MATERIALS AND METHODS


A.  Field Procedures


1. Rapid Bioassessment Samples


Aquatic macroinvertebrates were qualitatively collected from all available habitats (e.g., stream margins, leaf packs, aquatic vegetation, water soaked logs and sand deposits) using a D-frame aquatic dip net and by picking organisms from substrates with forceps. Sampling was conducted along a 10-50 meter area at each location to the depth of approximately one meter. For each station, collections from all habitat types were pooled to form one aggregate sample and preserved in the field with 80% ethanol. Each sample represented 1.5 man-hours of sampling effort by experienced biologists. Sampling procedures were kept similar at each station to enable taxonomic and numerical population comparisons between stations.


2.  Hester Dendy Samples


Additionally, three replicate Hester Dendy multi-plate macroinvertebrate samplers were placed at five stations, allowed to colonize for seven weeks, and collected for analyses. The samplers were preserved in the field with 70% ethanol and returned to CARNAGEY BIOLOGICAL SERVICES, LLC for sample processing. Hester Dendy samplers were colonized from 25 July 2007 to 19 September 2007.

3.  Physicochemical Measurements


In conjunction with the macroinvertebrate assessment, water temperature, dissolved oxygen, pH, and conductivity were measured using a Yellow Springs Instruments Model 55 Dissolved Oxygen meter and a Yellow Springs Instruments Model 63 Multimeter.  


B. Laboratory Procedures


Upon return to the laboratory, the macroinvertebrates were removed from any debris with the aid of a stereo microscope, identified to the lowest positive taxonomic level, and enumerated using appropriate techniques and taxonomic keys. All specimens will be maintained by CARNAGEY BIOLOGICAL SERVICES, LLC, in a voucher collection for five years, or placed into the permanent reference collection.


C. Data Analysis


To obtain the most information possible from the data, several types of analysis were performed. Bioassessment metrics allowed comparison of stations based on their overall taxonomic composition. Regression analyses detected trends in macroinvertebrate community composition with distance from the dam. Additionally, comparison of the July rapid bioassessment samples to the September rapid bioassessment samples was based on two-factor ANOVAs without replication. Data were log10(x+1) transformed prior to analysis.

1.  Bioassessment Metrics


Comparisons of the macroinvertebrate communities were based on changes in taxonomic composition between sampling sites and on the known tolerance levels and life history strategies of the organisms encountered. Changes in taxonomic composition were determined using the metrics outlined in Rapid Bioassessment Protocol III of Rapid bioassessment protocols for use in streams and rivers (Plafkin et al. 1989). These metrics include the following:



a) Taxa richness - The number of different taxa found at a particular location is an indication of diversity. Reductions in community diversity have been positively associated with various forms of environmental pollution, including nutrient loading, toxic substances, and sedimentation (Barbour et al., 1996; Fore et al., 1996; Rosenberg and Resh, 1993; Shackleford, 1988).



b) EPT Index - EPT Index is the number of taxa from the insect orders Ephemeroptera, Plecoptera and Trichoptera found at a station. These three insect orders are considered to be intolerant of adverse changes in water quality, especially temperature and dissolved oxygen, and therefore, a reduction in these taxa is indicative of reduced water quality (Barbour et al., 1996; Lenat, 1988).



c) Chironomidae taxa and abundance - The Chironomidae are a taxonomically and ecologically diverse group with many taxa which are tolerant of various forms of pollution. The chironomids are often the dominant group encountered at impacted or stressed sites (Rosenberg and Resh, 1993).



d) Ratio of EPT and Chironomidae abundance - The relative abundance of these four indicator groups is a measure of community balance. When comparing sites, good biotic conditions are reflected in a fairly even distribution among these four groups (Plafkin et al., 1989). The value of this ratio is reduced by impact due to the general reduction of the more sensitive EPT taxa and an increase in the more tolerant chironomid taxa.



e) Ratio of scraper/scraper and filtering collectors - When comparing sites, shifts in the dominance of a particular feeding type may indicate a community responding to an over-abundance of a particular food source or toxicants bound to a particular food source (Rosenberg and Resh, 1993).



f) Shredder/total number of specimens collected - When comparing sites, reductions in the relative abundance of shredders can indicate changes in the quality or quantity of riparian zone vegetation or the presence of toxic substances bound to organic carbon contained in the leaf and woody material which comprises their food source (Plafkin et al., 1989).



g) Percent contribution of dominant taxon - This measures the redundancy and evenness of the community structure. It assumes a highly redundant community reflects an impaired community because as the more sensitive taxa are eliminated, there is often a significant increase in the remaining tolerant forms (Barbour et al., 1996; Shackleford, 1988).



h) North Carolina biotic index (NCBI) - NCBI = TViNi/N where TVi is the tolerance value for the ith  taxon, Ni is the abundance of the ith taxon, and N is the total abundance of all taxa in the sample. This index utilizes a pollution tolerance value developed over a wide range of conditions and pollution types and taxon abundance to assess the amount of impact (North Carolina Department of Environment, Health and Natural Resources, 1997). The values range from 0-10, increasing as water quality decreases. This metric appears to be adversely affected by the combination of low taxa richness and low abundance, often indicating better conditions than actually exist.


2.  Regression Analyses


a.  Rapid Bioassessment Data


To detect trends in the macroinvertebrate community as a function of distance from the hydroelectric dam (sampling station), six linear regression analyses were performed on the rapid bioassessment data. Data were log10(x+1) transformed prior to regressing taxa richness, total abundance, EPT index, EPT abundance, NCBI values, and percentage of the dominant taxon on distance from the dam. Plots of data were constructed if any trends were detected (alpha ≤ 0.05) among stations.


b.  Hester Dendy Data


To detect trends in the macroinvertebrate community as a function of distance from the hydroelectric dam (sampling station), six linear regression analyses were performed on the Hester Dendy data. Data were log10(x+1) transformed prior to regressing taxa richness, total abundance, EPT index, EPT abundance, NCBI values, and percentage of the dominant taxon on distance from the dam. Plots of data were constructed if any trends were detected (alpha ≤  0.05) among stations.


V. RESULTS


A. Physicochemical Analysis


The water chemistry data taken in conjunction with the macroinvertebrate assessment are presented in Tables 1 and 2. 


Table 1.
Physicochemical data collected in conjunction with the macroinvertebrate assessments of the lower Saluda River downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		

		Station



		Parameter

		TR

		SPW

		MR

		LR

		OB

		ZO



		Temperature (°C)

		15.2

		16.0

		17.1

		17.9

		18.7

		18.3



		Dissolved Oxygen (mg/l)

		9.64

		6.85

		10.32

		9.90

		9.76

		6.83



		pH (SU)

		6.52

		6.69

		6.99

		6.99

		7.11

		7.15



		Conductivity (SYMBOL 109 \f "Symbol"S/cm)

		64.4

		68.0

		66.5

		70.1

		69.9

		72.1





Table 2.
Physicochemical data collected in conjunction with the macroinvertebrate assessments of the lower Saluda River downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		

		Station



		Parameter

		TR

		SPW

		MR

		LR

		OB

		ZO



		Temperature (°C)

		17.7

		17.7

		17.8

		18.3

		18.4

		18.3



		Dissolved Oxygen (mg/l)

		8.92

		8.86

		10.78

		9.68

		9.15

		8.76



		pH (SU)

		6.73

		6.40

		6.83

		6.71

		6.91

		7.12



		Conductivity (SYMBOL 109 \f "Symbol"S/cm)

		105.6

		89.3

		87.2

		89.7

		86.8

		90.0





B. Macroinvertebrate Community Analysis


1.  Rapid Bioassessment Samples (25 and 30 July 2007)

A total of 1123 specimens representing 69 taxa were collected from six sampling stations during this assessment. The number of specimens collected, their NCBI tolerance values, functional feeding groups, and relative abundance are presented in Table 3 for each station. Bioassessment metrics for each sampling station are presented in Table 4. Table 5 lists the number of specimens and relative abundance of dominant taxa (>5% of the collection) for each station.


The sampling effort at Station TR yielded 214 specimens representing 22 taxa (Table 3). An EPT index of 4 was calculated for this station, and the NCBI value of 8.11 resulted in a water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and contributed 24% of the collection. The dominant functional feeding group was the scrapers, which contributed 47% of the collection. The dominant taxon was Dicrotendipes sp., contributing 21% of the specimens collected (Table 5).


The sampling effort at Station SPW yielded 323 specimens representing 34 taxa (Table 3). An EPT index of 4 was calculated for this station, and the NCBI value of 7.48 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 7 taxa and contributed 13% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 26% of the collection. The dominant taxon was Gammarus sp., contributing 14% of the specimens collected (Table 5).


The sampling effort at Station MR yielded 180 specimens representing 29 taxa (Table 3). An EPT index of 10 was calculated for this station, and the NCBI value of 6.60 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and contributed 6% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 53% of the collection. The dominant taxon was Caecidotea sp., contributing 19% of the specimens collected (Table 5).


The sampling effort at Station LR yielded 214 specimens representing 26 taxa (Table 3). An EPT index of 11 was calculated for this station, and the NCBI value of 6.48 resulted in a water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 3 taxa and contributed 2% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 54% of the collection. The dominant taxon was Caecidotea sp., contributing 18% of the specimens collected (Table 5).


The sampling effort at Station OB yielded 192 specimens representing 26 taxa (Table 3). An EPT index of 10 was calculated for this station, and the NCBI value of 6.02 resulted in a water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 5 taxa and contributed 4% of the specimens collected. The dominant functional feeding group was the collector-filterers, which contributed 34% of the collection. The dominant taxon was Baetis intercalaris, contributing 13% of the specimens collected (Table 5).


The sampling effort at Station ZO yielded 185 specimens representing 40 taxa (Table 3). An EPT index of 9 was calculated for this station, and the NCBI value of 6.92 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by a 12 taxa and contributed 15% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 34% of the collection. The dominant taxon was Campeloma decisum, contributing 14% of the specimens collected (Table 5).


Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 0.05) in taxa richness, total abundance, EPT abundance, NCBI, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam(Table 6). EPT indices increased significantly as a function of distance from the hydroelectric dam (Table 6, Figure 2).

2.  Rapid Bioassessment Samples (19 September 2007)


A total of 1132 specimens representing 69 taxa were collected from six sampling stations during this assessment. The number of specimens collected, their NCBI tolerance values, functional feeding groups, and relative abundance are presented in Table 7 for each station. Bioassessment metrics for each sampling station are presented in Table 8. Table 9 lists the number of specimens and relative abundance of dominant taxa (>5% of the collection) for each station.


The sampling effort at Station TR yielded 208 specimens representing 26 taxa (Table 3). An EPT index of 3 was calculated for this station, and the NCBI value of 8.29 resulted in a water quality rating of “poor” (Table 4). The Chironomidae were represented by 3 taxa and contributed 5% of the collection. The dominant functional feeding group was the predators, which contributed 37% of the collection. The dominant taxon was Enallagma sp., contributing 32% of the specimens collected (Table 5).


The sampling effort at Station SPW yielded 237 specimens representing 31 taxa (Table 3). An EPT index of 6 was calculated for this station, and the NCBI value of 7.87 resulted in a water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and contributed 13% of the specimens collected. The dominant functional feeding groups were the predators and the scrapers, which each contributed 31% of the collection. The dominant taxon was Enallagma sp., contributing 19% of the specimens collected (Table 5).


The sampling effort at Station MR yielded 201 specimens representing 27 taxa (Table 3). An EPT index of 7 was calculated for this station, and the NCBI value of 6.51 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 3 taxa and contributed 5% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 46% of the collection. The dominant taxon was Simulium confusum, contributing 15% of the specimens collected (Table 5).


The sampling effort at Station LR yielded 215 specimens representing 32 taxa (Table 3). An EPT index of 12 was calculated for this station, and the NCBI value of 6.87 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and contributed 6% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 71% of the collection. The dominant taxon was Caecidotea sp., contributing 29% of the specimens collected (Table 5).


The sampling effort at Station OB yielded 271 specimens representing 32 taxa (Table 3). An EPT index of 12 was calculated for this station, and the NCBI value of 6.70 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and contributed 4% of the specimens collected. The dominant functional feeding group was the collector-filterers, which contributed 40% of the collection. The dominant taxon was Hydropsyche mississipiensis, contributing 20% of the specimens collected (Table 5).


The sampling effort at Station ZO yielded 168 specimens representing 32 taxa (Table 3). An EPT index of 10 was calculated for this station, and the NCBI value of 6.49 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by a 3 taxa and contributed 4% of the specimens collected.  The dominant functional feeding group was the scrapers, which contributed 40% of the collection.  The dominant taxon was Maccaffertium modestum, contributing 10% of the specimens collected (Table 5).


Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 0.05) in taxa richness, total abundance, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam(Table 9). EPT indices and EPT abundance increased significantly as a function of distance from the hydroelectric dam (Table 9, Figure 3). NCBI values decreased significantly as a function of distance from the hydroelectric dam (Table 9, Figure 3).

3. Comparison of Rapid Bioassessment Samples from July and September

Results of two-factor ANOVAs without replication to detect differences in taxa richness, total abundance, EPT index values, EPT abundance, NCBI values, and percent dominant taxon between samples collected on 25 and 30 July 2007 and 19 September 2007 are presented in Tables 11-16. Plots of the data are given in Figure 4. None of the metrics showed significant differences between the two months. 

4.  Hester Dendy Samples


A total of 1784 specimens representing 57 taxa were collected from the six Hester Dendy stations. Three replicates were collected at each station, except Stations MR and OB, which only had two replicates retrieved at each. The number of specimens collected, their NCBI tolerance values, and functional feeding groups are presented in Table 17 for each sample. Bioassessment metrics for each sample are presented in Table 18.


The bioassesment metrics indicated several differences between the stations. All replicates at Stations TR SPW, MR, and LR had “poor” NCBI water quality conditions. Station OB had a replicate with a “fair” NCBI rating and a replicate with a “good-fair” rating. All replicates at Station ZO had ratings of “fair”. Stations TR, SPW, MR, LR, and ZO were dominated by scrapers. TR had a single replicate dominated by collector-gatherers, SPW a single replicate dominated by omnivores, and ZO a single replicate dominated by collector-gatherers. Station OB was dominated by collector-filterers.

Regression analysis of the Hester Dendy samples showed significant increases (alpha ≤ 0.05) in taxa richness with increasing distance from the hydroelectric dam (Table 19, Figure 5). NCBI values and percentage of the dominant taxon both decreased significantly as distance from the hydroelectric dam increased (Table 19, Figure 5). Total abundance, EPT indices, and EPT abundance showed no significant difference with increasing distance from the hydroelectric dam.

VI. DISCUSSION


Regression analysis of the Hester Dendy data showed biotic conditions improved significantly as distance from the dam increased. This result was expected, as studies have demonstrated that rapid fluctuations in current velocity and water level (associated with the operation of hydroelectric dams) results in reduced diversity, by decreasing habitat and/or survival of habitat-specific taxa (Death, 1995; Death and Winterbourn, 1995; Ward and Stanford, 1995; Valentin et al., 1995). As distance from the dam increases, the fluctuations in current velocity and water level are smaller and slower, resulting in improved biotic conditions.


For the rapid bioassessment data, regression analysis showed no detectable trends in taxa richness, total abundance, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam in July or in September.
 The July samples did show a significant increase in the EPT indices as distance from the dam increased. The September samples showed a significant increase in EPT index and EPT abundance values as distance from the dam increased. The September samples also showed a significant decrease in NCBI values as distance from the dam increased. This corroborates the Hester-Dendy data.


Comparing the two methods, the Hester Dendy method detected trends among stations that were not statistically significant for the rapid bioassessment data. This may be due to the high sampling variability of rapid bioassessment samples. There is greater variability in the rapid bioassessment data because this method only samples the river margins, where habitat is less stable due to river level fluctuations. The Hester Dendy samplers provide a more stable habitat, and lower variability in the samples enables the detection of trends in the macroinvertebrate community.
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Table 3.
Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		Annelida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Hirudinea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Rhynchobdellida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Glossiphoniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		1

		Helobdella triserialis

		9.20

		P

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 



		 Oligochaeta

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Haplotaxida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbricidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		2

		Lumbricidae Genus species

		 

		SC

		5

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 

		 



		  Lumbriculida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbriculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		3

		Lumbriculidae Genus species

		7.03

		SC

		3

		2

		 

		 

		 

		 

		0.01

		0.01

		 

		 

		 

		 



		  Tubificida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Tubificidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		4

		Tubifex tubifex

		10.00

		SC

		15

		18

		11

		16

		3

		6

		0.07

		0.06

		0.06

		0.07

		0.02

		0.03



		Arthropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Arachnoidea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Acariformes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrachnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		5

		Hydrachna sp.

		5.53

		P

		7

		14

		 

		2

		1

		4

		0.03

		0.04

		 

		0.01

		0.01

		0.02





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		 Crustacea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Amphipoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Gammaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		6

		Gammarus sp.

		9.10

		OM

		35

		46

		4

		6

		 

		15

		0.16

		0.14

		0.02

		0.03

		 

		0.08



		Talitridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		7

		Hyalella azteca

		7.75

		OM

		9

		13

		1

		1

		5

		8

		0.04

		0.04

		0.01

		0.00

		0.03

		0.04



		  Cladocera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Daphnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		8

		Daphnia sp.

		 

		CF

		 

		12

		 

		 

		 

		1

		 

		0.04

		 

		 

		 

		0.01



		  Decapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cambaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		9

		Cambaridae Genus species

		 

		OM

		 

		 

		1

		1

		3

		 

		 

		 

		0.01

		0.00

		0.02

		 



		   Palaemonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		10

		Palaemonetes sp.

		7.10

		OM

		 

		3

		 

		 

		 

		1

		 

		0.01

		 

		 

		 

		0.01



		  Isopoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Asellidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		11

		Caecidotea sp.

		9.11

		SC

		38

		18

		34

		39

		4

		7

		0.18

		0.06

		0.19

		0.18

		0.02

		0.04



		 Hexapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Coleoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Dytiscidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		12

		Neoporus sp.

		 

		P

		 

		 

		1

		 

		 

		1

		 

		 

		0.01

		 

		 

		0.01





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Elmidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		13

		Dubiraphia quadrinotata

		5.93

		CG

		 

		 

		1

		 

		 

		 

		 

		 

		0.01

		 

		 

		 



		   Haliplidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		14

		Haliplus fasciatus

		8.71

		SH

		 

		8

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		15

		Peltodytes sexmaculatus

		8.73

		SH

		 

		 

		1

		 

		 

		2

		 

		 

		0.01

		 

		 

		0.01



		  Diptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ceratopogonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		16

		Bezzia/Palpomyia sp.

		6.86

		P

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		   Chironomidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		17

		Ablabesmyia mallochi

		7.19

		P

		1

		 

		 

		 

		 

		2

		0.00

		 

		 

		 

		 

		0.01



		18

		Ablabesmyia peleensis

		9.67

		P

		2

		 

		 

		 

		 

		1

		0.01

		 

		 

		 

		 

		0.01



		19

		Chironomus sp.

		9.63

		CG

		 

		1

		 

		 

		1

		 

		 

		0.00

		 

		 

		0.01

		 



		20

		Clinotanypus sp.

		 

		P

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 



		21

		Cryptochironomus sp.

		6.40

		P

		 

		 

		3

		 

		 

		1

		 

		 

		0.02

		 

		 

		0.01



		22

		Dicrotendipes sp.

		8.10

		CG

		44

		31

		3

		1

		2

		5

		0.21

		0.10

		0.02

		0.00

		0.01

		0.03



		23

		Orthocladius sp.

		5.94

		SH

		1

		 

		3

		 

		 

		3

		0.00

		 

		0.02

		 

		 

		0.02



		24

		Paralauterborniella nigrohalterale

		4.77

		CG

		 

		 

		1

		 

		 

		 

		 

		 

		0.01

		 

		 

		 



		25

		Phaenopsectra obediens gr.

		6.50

		SC

		 

		 

		 

		 

		 

		5

		 

		 

		 

		 

		 

		0.03



		26

		Polypedilum flavum

		5.78

		SH

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		27

		Polypedilum illinoense gr.

		9.00

		SH

		1

		4

		 

		 

		 

		4

		0.00

		0.01

		 

		 

		 

		0.02





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Chironomidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		28

		Procladius sp.

		9.10

		P

		2

		1

		 

		 

		 

		2

		0.01

		0.00

		 

		 

		 

		0.01



		29

		Rheocricotopus robacki

		7.28

		CG

		 

		 

		 

		2

		2

		 

		 

		 

		 

		0.01

		0.01

		 



		30

		Rheotanytarsus exiguus gr.

		5.89

		CF

		1

		 

		 

		 

		2

		1

		0.00

		 

		 

		 

		0.01

		0.01



		31

		Tanytarsus sp.

		6.76

		CF

		 

		2

		 

		 

		 

		2

		 

		0.01

		 

		 

		 

		0.01



		32

		Thienemanniella xena

		5.86

		CG

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.01



		33

		Thienemannimyia gr.

		8.42

		P

		 

		 

		 

		1

		1

		1

		 

		 

		 

		0.00

		0.01

		0.01



		   Simuliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		34

		Simulium confusum

		4.00

		CF

		 

		 

		 

		7

		19

		8

		 

		 

		 

		0.03

		0.10

		0.04



		35

		Simulium tribulatum/venustrum

		4.00

		CF

		 

		 

		20

		32

		7

		1

		 

		 

		0.11

		0.15

		0.04

		0.01



		   Tipulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		36

		Tipula sp.

		7.33

		SH

		 

		 

		 

		 

		2

		 

		 

		 

		 

		 

		0.01

		 



		  Ephemeroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Baetidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		37

		Baetis intercalaris

		4.99

		CG

		 

		 

		4

		13

		25

		12

		 

		 

		0.02

		0.06

		0.13

		0.06



		38

		Heterocloeon sp.

		3.48

		SC

		 

		 

		17

		12

		12

		4

		 

		 

		0.09

		0.06

		0.06

		0.02



		39

		Procloeon sp.

		5.00

		OM

		 

		7

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		40

		Pseudocloeon propinquum

		5.77

		CG

		 

		 

		13

		8

		12

		8

		 

		 

		0.07

		0.04

		0.06

		0.04



		   Caenidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		41

		Caenis sp.

		7.41

		CG

		1

		6

		 

		 

		 

		 

		0.00

		0.02

		 

		 

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Heptageniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		42

		Maccaffertium modestum

		5.50

		SC

		 

		 

		 

		5

		12

		 

		 

		 

		 

		0.02

		0.06

		 



		43

		Stenacron interpunctatum

		6.87

		SC

		 

		25

		2

		2

		1

		2

		 

		0.08

		0.01

		0.01

		0.01

		0.01



		  Heteroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corixidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		44

		Trichocorixa sp.

		9.00

		P

		 

		8

		 

		 

		 

		2

		 

		0.02

		 

		 

		 

		0.01



		   Veliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		45

		Microvelia sp.

		 

		P

		 

		1

		 

		 

		 

		1

		 

		0.00

		 

		 

		 

		0.01



		  Odonata

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Aeshnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		46

		Boyeria vinosa

		5.89

		P

		 

		2

		2

		 

		 

		1

		 

		0.01

		0.01

		 

		 

		0.01



		   Coenagrionidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		47

		Enallagma sp.

		8.91

		P

		2

		40

		 

		 

		 

		4

		0.01

		0.12

		 

		 

		 

		0.02



		48

		Ischnura posita

		9.52

		P

		 

		2

		1

		1

		 

		 

		 

		0.01

		0.01

		0.00

		 

		 



		49

		Ischnura sp.

		9.52

		P

		 

		4

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		   Gomphidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		50

		Aphylla williamsoni

		 

		P

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 



		   Libellulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		51

		Neurocordulia sp.

		5.03

		P

		 

		6

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		  Trichoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Brachycentridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		52

		Micrasema wataga

		2.63

		SH

		 

		 

		6

		3

		 

		 

		 

		 

		0.03

		0.01

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Hydropsychidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		53

		Cheumatopsyche sp.

		6.22

		CF

		 

		 

		9

		15

		4

		21

		 

		 

		0.05

		0.07

		0.02

		0.11



		54

		Hydropsyche betteni

		7.78

		CF

		 

		 

		2

		2

		22

		1

		 

		 

		0.01

		0.01

		0.11

		0.01



		55

		Hydropsyche venularis

		4.96

		CF

		 

		 

		4

		1

		11

		1

		 

		 

		0.02

		0.00

		0.06

		0.01



		   Hydroptilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		56

		Hydroptila sp.

		6.22

		SC

		9

		 

		3

		10

		 

		 

		0.04

		 

		0.02

		0.05

		 

		 



		   Lepidostomatidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		57

		Lepidostoma sp.

		0.90

		SH

		 

		 

		 

		 

		4

		 

		 

		 

		 

		 

		0.02

		 



		   Leptoceridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		58

		Mystacides sepulchralis

		2.69

		CG

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.01



		59

		Oecetis sp.

		4.70

		P

		1

		 

		1

		 

		1

		 

		0.00

		 

		0.01

		 

		0.01

		 



		60

		Triaenodes ignitus

		4.58

		SH

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.01



		61

		Triaenodes injustus

		2.47

		SH

		 

		14

		 

		 

		 

		 

		 

		0.04

		 

		 

		 

		 



		   Polycentropodidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		62

		Phylocentropus carolinus

		6.20

		CF

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		63

		Phylocentropus placidus

		6.20

		CF

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		Mollusca

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Bivalvia

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Unionoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corbiculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		64

		Corbicula fluminea

		6.12

		CF

		 

		 

		1

		2

		 

		 

		 

		 

		0.01

		0.01

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Sphaeriidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		65

		Sphaeriidae Genus species

		 

		CF

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		 Gastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Limnophila

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Physidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		66

		Physa sp.

		8.84

		SC

		15

		8

		16

		22

		17

		9

		0.07

		0.02

		0.09

		0.10

		0.09

		0.05



		   Planorbidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		67

		Helisoma anceps

		6.23

		SC

		15

		14

		13

		9

		6

		4

		0.07

		0.04

		0.07

		0.04

		0.03

		0.02



		  Mesogastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Viviparidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		68

		Campeloma decisum

		 

		SC

		 

		 

		 

		 

		 

		26

		 

		 

		 

		 

		 

		0.14



		Platyhelminthes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Turbellaria

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Tricladida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Planariidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		69

		Dugesia tigrina

		7.23

		OM

		6

		3

		2

		 

		13

		5

		0.03

		0.01

		0.01

		 

		0.07

		0.03





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 4.
Bioassessment metrics for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		 

		Station



		Metric

		TR

		SPW

		MR

		LR

		OB

		ZO



		

		

		

		

		

		

		



		Taxa Richness

		22

		34

		29

		26

		26

		40



		Number of Specimens

		214

		323

		180

		214

		192

		185



		EPT Index

		4

		4

		10

		11

		10

		9



		EPT Abundance

		12

		52

		61

		72

		104

		51



		Chironomidae Taxa

		7

		7

		4

		3

		5

		12



		Chironomidae Abundance

		52

		42

		10

		4

		8

		28



		EPT/Chironomidae Abundance

		0.23

		1.24

		6.10

		18.00

		13.00

		1.82



		North Carolina Biotic Index

		8.11

		7.48

		6.60

		6.48

		6.02

		6.92



		SCDHEC Bioclassification

		1.0

		1.5

		2.5

		2.5

		2.8

		1.5



		

		 

		 

		 

		 

		 

		 



		Percent Collector-Filterers

		0.93

		4.95

		20.00

		28.04

		33.85

		19.46



		Percent Collector-Gatherers

		21.03

		11.76

		12.22

		11.21

		21.88

		14.59



		Percent Omnivores

		23.36

		22.29

		4.44

		3.74

		10.94

		15.68



		Percent Predators

		7.01

		26.01

		4.44

		1.87

		1.56

		10.81



		Percent Scrapers

		46.73

		26.32

		53.33

		53.74

		28.65

		34.05



		Percent Shredders

		0.93

		8.67

		5.56

		1.40

		3.13

		5.41



		

		 

		 

		 

		 

		 

		 



		Scraper/Scraper & Collector-Filterers

		50.00

		5.31

		2.67

		1.92

		0.85

		1.75



		Shredders/Total

		0.01

		0.09

		0.06

		0.01

		0.03

		0.05



		

		 

		 

		 

		 

		 

		 



		Percent Dominant Taxon

		20.56

		14.24

		18.89

		18.22

		13.02

		14.05



		Number Of Dominant Taxa

		6

		6

		8

		7

		9

		4





Table 5.
Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		Sta. TR

		

		

		

		Sta. SPW

		

		

		

		Sta. MR

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Dicrotendipes sp.

		44

		20.56

		

		Gammarus sp.

		46

		14.24

		

		Caecidotea sp.

		34

		18.89



		Caecidotea sp.

		38

		17.76

		

		Enallagma sp.

		40

		12.38

		

		Simulium tribulatum/venustrum

		20

		11.11



		Gammarus sp.

		35

		16.36

		

		Dicrotendipes sp.

		31

		9.60

		

		Heterocloeon sp.

		17

		9.44



		Helisoma anceps

		15

		7.01

		

		Stenacron interpunctatum

		25

		7.74

		

		Physa sp.

		16

		8.89



		Physa sp.

		15

		7.01

		

		Caecidotea sp.

		18

		5.57

		

		Helisoma anceps

		13

		7.22



		Tubifex tubifex

		15

		7.01

		

		Tubifex tubifex

		18

		5.57

		

		Pseudocloeon propinquum

		13

		7.22



		

		

		

		

		

		

		

		

		Tubifex tubifex

		11

		6.11



		

		

		

		

		

		

		

		

		Cheumatopsyche sp.

		9

		5.00



		

		

		

		

		Pseudocloeon propinquum

		12

		6.25

		

		

		

		



		

		

		

		

		Hydropsyche venularis

		11

		5.73

		

		

		

		





Table 5 
Continued.


		Sta. LR

		

		

		

		Sta. OB

		

		

		

		Sta. ZO

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Caecidotea sp.

		39

		18.22

		

		Baetis intercalaris

		25

		13.02

		

		Campeloma decisum

		26

		14.05



		Simulium tribulatum/venustrum

		32

		14.95

		

		Hydropsyche betteni

		22

		11.46

		

		Cheumatopsyche sp.

		21

		11.35



		Physa sp.

		22

		10.28

		

		Simulium confusum

		19

		9.90

		

		Gammarus sp.

		15

		8.11



		Tubifex tubifex

		16

		7.48

		

		Physa sp.

		17

		8.85

		

		Baetis intercalaris

		12

		6.49



		Cheumatopsyche sp.

		15

		7.01

		

		Dugesia tigrina

		13

		6.77

		

		

		

		



		Baetis intercalaris

		13

		6.07

		

		Heterocloeon sp.

		12

		6.25

		

		

		

		



		Heterocloeon sp.

		12

		5.61

		

		Maccaffertium modestum

		12

		6.25

		

		

		

		



		

		

		

		

		Pseudocloeon propinquum

		12

		6.25

		

		

		

		



		

		

		

		

		Hydropsyche venularis

		11

		5.73

		

		

		

		





Table 6.
Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		RBP July 2007:  taxa richness regressed on station 

		

		RBP July 2007:  EPT abundance regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.00420

		0.46463

		0.53289

		

		Regression

		1

		0.21837

		3.30676

		0.14313



		Residual

		4

		0.03618

		

		

		

		Residual

		4

		0.26415

		

		



		Total

		5

		0.04039

		 

		 

		

		Total

		5

		0.48252

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP July 2007:  total abundance regressed on station 

		

		RBP July 2007:  NCBI value regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.01571

		2.26430

		0.20683

		

		Regression

		1

		0.00515

		6.62400

		0.06174



		Residual

		4

		0.02775

		

		

		

		Residual

		4

		0.00311

		

		



		Total

		5

		0.04346

		 

		 

		

		Total

		5

		0.00825

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP July 2007:  EPT index regressed on station 

		

		RBP July 2007:  percentage of the dominant taxon regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.11577

		10.79712

		0.03033

		

		Regression

		1

		0.00702

		1.22523

		0.33042



		Residual

		4

		0.04289

		

		

		

		Residual

		4

		0.02291

		

		



		Total

		5

		0.15865

		

		

		

		Total

		5

		0.02992

		 

		 





Figure 2.  Plot comparing NCBI data from rapid bioassessment samples collected from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, collected 11 October 2006.
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Table 7.
Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		Annelida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Hirudinea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Rhynchobdellida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Glossiphoniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		1

		Helobdella triserialis

		9.20

		P

		 

		2

		 

		 

		 

		1

		 

		0.01

		 

		 

		 

		0.01



		 Oligochaeta

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Haplotaxida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbricidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		2

		Lumbricidae Genus species

		 

		SC

		2

		 

		 

		 

		1

		 

		0.01

		 

		 

		 

		0.00

		 



		  Lumbriculida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbriculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		3

		Lumbriculidae Genus species

		7.03

		SC

		4

		 

		2

		1

		1

		1

		0.02

		 

		0.01

		0.00

		0.00

		0.01



		  Tubificida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Tubificidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		4

		Tubifex tubifex

		10.00

		SC

		4

		5

		6

		2

		4

		1

		0.02

		0.02

		0.03

		0.01

		0.01

		0.01



		Arthropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Arachnoidea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Acariformes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrachnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		5

		Hydrachna sp.

		5.53

		P

		3

		2

		1

		2

		 

		 

		0.01

		0.01

		0.00

		0.01

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
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		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		 Crustacea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Amphipoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Gammaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		6

		Gammarus sp.

		9.10

		OM

		38

		34

		28

		8

		12

		16

		0.18

		0.14

		0.14

		0.04

		0.04

		0.10



		   Talitridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		7

		Hyalella azteca

		7.75

		OM

		7

		23

		 

		10

		2

		3

		0.03

		0.10

		 

		0.05

		0.01

		0.02



		  Cladocera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Daphnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		8

		Daphnia sp.

		 

		CF

		 

		 

		 

		 

		 

		2

		 

		 

		 

		 

		 

		0.01



		  Cyclopoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cyclopidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		9

		Eucyclops agilis

		 

		OM

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		  Decapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cambaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		10

		Cambaridae Genus species

		 

		OM

		 

		 

		1

		1

		3

		 

		 

		 

		0.00

		0.00

		0.01

		 



		   Palaemonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		11

		Palaemonetes sp.

		7.10

		OM

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		  Isopoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Asellidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		12

		Caecidotea sp.

		9.11

		SC

		19

		32

		22

		63

		9

		5

		0.09

		0.14

		0.11

		0.29

		0.03

		0.03



		  Ostracoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		13

		Ostracoda Genus species

		 

		CF

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		  Hexapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Coleoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Dytiscidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		14

		Neoporus sp.

		 

		P

		 

		 

		6

		 

		 

		 

		 

		 

		0.03

		 

		 

		 



		   Elmidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		15

		Ancyronyx variegatus

		6.49

		CG

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		   Haliplidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		16

		Haliplus fasciatus

		8.71

		SH

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		17

		Peltodytes sexmaculatus

		8.73

		SH

		1

		 

		 

		1

		2

		2

		0.00

		 

		 

		0.00

		0.01

		0.01



		   Hydrophilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		18

		Tropisternus collaris

		9.68

		CG

		 

		 

		 

		 

		3

		 

		 

		 

		 

		 

		0.01

		 



		  Diptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ceratopogonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		19

		Bezzia/Palpomyia sp.

		6.86

		P

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		   Chironomidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		20

		Ablabesmyia mallochi

		7.19

		P

		 

		 

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 



		21

		Ablabesmyia peleensis

		9.67

		P

		1

		1

		 

		 

		 

		 

		0.00

		0.00

		 

		 

		 

		 



		22

		Cricotopus sp.

		5.29

		SH

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		23

		Dicrotendipes sp.

		8.10

		CG

		9

		14

		5

		7

		4

		3

		0.04

		0.06

		0.02

		0.03

		0.01

		0.02



		24

		Orthocladius sp.

		5.94

		SH

		 

		3

		5

		 

		5

		2

		 

		0.01

		0.02

		 

		0.02

		0.01



		25

		Phaenopsectra obediens gr.

		6.50

		SC

		 

		8

		 

		 

		 

		 

		 

		0.03

		 

		 

		 

		 



		26

		Polypedilum illinoense gr.

		9.00

		SH

		1

		1

		 

		1

		1

		 

		0.00

		0.00

		 

		0.00

		0.00

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
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		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Chironomidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		27

		Procladius sp.

		9.10

		P

		 

		1

		 

		 

		 

		1

		 

		0.00

		 

		 

		 

		0.01



		28

		Rheocricotopus robacki

		7.28

		CG

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 



		29

		Tanytarsus sp.

		6.76

		CF

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		30

		Xylotopus par

		5.99

		CG

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		   Simuliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		31

		Simulium confusum

		4.00

		CF

		 

		 

		31

		1

		8

		4

		 

		 

		0.15

		0.00

		0.03

		0.02



		32

		Simulium tribulatum/venustrum

		4.00

		CF

		1

		 

		7

		 

		3

		1

		0.00

		 

		0.03

		 

		0.01

		0.01



		   Tipulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		33

		Tipula sp.

		7.33

		SH

		 

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 



		  Ephemeroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Baetidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		34

		Baetis intercalaris

		4.99

		CG

		 

		 

		4

		 

		46

		12

		 

		 

		0.02

		 

		0.17

		0.07



		35

		Heterocloeon sp.

		3.48

		SC

		 

		7

		24

		36

		7

		2

		 

		0.03

		0.12

		0.17

		0.03

		0.01



		36

		Procloeon sp.

		5.00

		OM

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		37

		Pseudocloeon propinquum

		5.77

		CG

		1

		 

		9

		7

		7

		 

		0.00

		 

		0.04

		0.03

		0.03

		 



		   Caenidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		38

		Caenis sp.

		7.41

		CG

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		   Heptageniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		39

		Maccaffertium modestum

		5.50

		SC

		 

		 

		5

		5

		6

		17

		 

		 

		0.02

		0.02

		0.02

		0.10



		40

		Stenacron interpunctatum

		6.87

		SC

		 

		2

		2

		9

		2

		1

		 

		0.01

		0.01

		0.04

		0.01

		0.01



		41

		Stenonema femoratum

		7.18

		SC

		 

		4

		 

		1

		3

		 

		 

		0.02

		 

		0.00

		0.01

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
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		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		  Heteroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corixidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		42

		Trichocorixa sp.

		9.00

		P

		 

		7

		 

		 

		 

		4

		 

		0.03

		 

		 

		 

		0.02



		   Gerridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		43

		Aquarius conformis

		 

		P

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		   Veliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		44

		Microvelia sp.

		 

		P

		4

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 

		 



		  Odonata

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Aeshnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		45

		Anax longipes

		 

		P

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		46

		Boyeria vinosa

		5.89

		P

		 

		4

		1

		 

		 

		1

		 

		0.02

		0.00

		 

		 

		0.01



		   Calopterygidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		47

		Calopteryx sp.

		7.78

		P

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		   Coenagrionidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		48

		Argia bipunctulata

		8.17

		P

		 

		4

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		49

		Enallagma sp.

		8.91

		P

		67

		44

		 

		2

		 

		 

		0.32

		0.19

		 

		0.01

		 

		 



		50

		Ischnura posita

		9.52

		P

		1

		2

		 

		 

		 

		 

		0.00

		0.01

		 

		 

		 

		 



		   Libellulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		51

		Neurocordulia sp.

		5.03

		P

		1

		2

		 

		 

		 

		4

		0.00

		0.01

		 

		 

		 

		0.02





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder
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		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		  Trichoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydropsychidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		52

		Cheumatopsyche sp.

		6.22

		CF

		 

		 

		 

		6

		9

		2

		 

		 

		 

		0.03

		0.03

		0.01



		53

		Hydropsyche betteni

		7.78

		CF

		 

		5

		2

		2

		22

		5

		 

		0.02

		0.01

		0.01

		0.08

		0.03



		54

		Hydropsyche mississippiensis

		 

		CF

		 

		 

		 

		 

		55

		12

		 

		 

		 

		 

		0.20

		0.07



		55

		Hydropsyche venularis

		4.96

		CF

		 

		1

		 

		2

		10

		16

		 

		0.00

		 

		0.01

		0.04

		0.10



		   Hydroptilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		56

		Hydroptila sp.

		6.22

		SC

		1

		 

		3

		4

		2

		3

		0.00

		 

		0.01

		0.02

		0.01

		0.02



		   Lepidostomatidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		57

		Lepidostoma sp.

		0.90

		SH

		 

		 

		 

		 

		3

		2

		 

		 

		 

		 

		0.01

		0.01



		   Leptoceridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		58

		Mystacides sepulchralis

		2.69

		CG

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		   Polycentropodidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		59

		Neureclipsis crepuscularis

		4.19

		CF

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		   Psychomyiidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		60

		Lype diversa

		4.05

		SC

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		Mollusca

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Bivalvia

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Unionoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corbiculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		61

		Corbicula fluminea

		6.12

		CF

		 

		 

		 

		2

		1

		 

		 

		 

		 

		0.01

		0.00

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder
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		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Sphaeriidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		62

		Sphaeriidae Genus species

		 

		CF

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 



		 Gastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Limnophila

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ancylidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		63

		Ferrissia sp.

		6.55

		SC

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		   Physidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		64

		Physa sp.

		8.84

		SC

		29

		8

		6

		21

		22

		2

		0.14

		0.03

		0.03

		0.10

		0.08

		0.01



		   Planorbidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		65

		Gyraulus parvus

		4.23

		SC

		 

		 

		 

		4

		 

		1

		 

		 

		 

		0.02

		 

		0.01



		66

		Helisoma anceps

		6.23

		SC

		7

		8

		22

		5

		12

		10

		0.03

		0.03

		0.11

		0.02

		0.04

		0.06



		  Mesogastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrobiidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		67

		Somatogyrus virginicus

		6.37

		SC

		 

		 

		 

		 

		3

		8

		 

		 

		 

		 

		0.01

		0.05



		   Viviparidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		68

		Campeloma decisum

		 

		SC

		 

		 

		 

		 

		 

		16

		 

		 

		 

		 

		 

		0.10



		Platyhelminthes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Turbellaria

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Tricladida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Planariidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		69

		Dugesia tigrina

		7.23

		OM

		2

		2

		3

		4

		2

		8

		0.01

		0.01

		0.01

		0.02

		0.01

		0.05





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 8.
Bioassessment metrics for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		 

		Station



		Metric

		TR

		SPW

		MR

		LR

		OB

		ZO



		

		

		

		

		

		

		



		Taxa Richness

		26

		31

		27

		32

		32

		32



		Number of Specimens

		208

		237

		201

		215

		271

		168



		EPT Index

		3

		6

		7

		12

		12

		10



		EPT Abundance

		3

		22

		49

		75

		172

		72



		Chironomidae Taxa

		3

		7

		3

		4

		4

		3



		Chironomidae Abundance

		11

		30

		11

		12

		11

		6



		EPT/Chironomidae Abundance

		0.27

		0.73

		4.45

		6.25

		15.64

		12.00



		North Carolina Biotic Index

		8.29

		7.87

		6.51

		6.87

		6.70

		6.49



		SCDHEC Bioclassification

		1.0

		1.2

		2.3

		2.0

		2.3

		1.5



		

		 

		 

		 

		 

		 

		 



		Percent Collector-Filterers

		0.96

		3.80

		19.90

		6.51

		39.85

		25.00



		Percent Collector-Gatherers

		5.29

		5.91

		9.45

		7.44

		22.51

		8.93



		Percent Omnivores

		23.08

		26.16

		16.42

		10.70

		7.01

		16.07



		Percent Predators

		37.02

		31.22

		4.98

		3.26

		0.00

		6.55



		Percent Scrapers

		32.21

		31.22

		45.77

		70.70

		26.57

		39.88



		Percent Shredders

		1.44

		1.69

		3.48

		1.40

		4.06

		3.57



		

		 

		 

		 

		 

		 

		 



		Scraper/Scraper & Collector-Filterers

		33.50

		8.22

		2.30

		10.86

		0.67

		1.60



		Shredders/Total

		0.01

		0.02

		0.03

		0.01

		0.04

		0.04



		

		 

		 

		 

		 

		 

		 



		Percent Dominant Taxon

		32.21

		18.57

		15.42

		29.30

		20.30

		10.12



		Number Of Dominant Taxa

		4

		5

		5

		3

		4

		7





Table 9.
Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		Sta. TR

		

		

		

		Sta. SPW

		

		

		

		Sta. MR

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Enallagma sp.

		67

		32.21

		

		Enallagma sp.

		44

		18.57

		

		Simulium confusum

		31

		15.42



		Gammarus sp.

		38

		18.27

		

		Gammarus sp.

		34

		14.35

		

		Gammarus sp.

		28

		13.93



		Physa sp.

		29

		13.94

		

		Caecidotea sp.

		32

		13.50

		

		Heterocloeon sp.

		24

		11.94



		Caecidotea sp.

		19

		9.13

		

		Hyalella azteca

		23

		9.70

		

		Caecidotea sp.

		22

		10.95



		

		

		

		

		Dicrotendipes sp.

		14

		5.91

		

		Helisoma anceps

		22

		10.95



		

		

		

		

		

		

		

		

		

		

		



		Sta. LR

		

		

		

		Sta. OB

		

		

		

		Sta. ZO

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Caecidotea sp.

		63

		29.30

		

		Hydropsyche mississippiensis

		55

		20.30

		

		Maccaffertium modestum

		17

		10.12



		Heterocloeon sp.

		36

		16.74

		

		Baetis intercalaris

		46

		16.97

		

		Campeloma decisum

		16

		9.52



		Physa sp.

		21

		9.77

		

		Hydropsyche betteni

		22

		8.12

		

		Gammarus sp.

		16

		9.52



		

		

		

		

		Physa sp.

		22

		8.12

		

		Hydropsyche venularis

		16

		9.52



		

		

		

		

		

		

		

		

		Baetis intercalaris

		12

		7.14



		

		

		

		

		

		

		

		

		Hydropsyche mississippiensis

		12

		7.14



		

		

		

		

		

		

		

		

		Helisoma anceps

		10

		5.95





Table 10.
Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		RBP September 2007:  taxa richness regressed on station 

		

		RBP September 2007:  EPT abundance regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.00388

		3.82791

		0.12204

		

		Regression

		1

		1.18591

		10.99311

		0.02950



		Residual

		4

		0.00406

		

		

		

		Residual

		4

		0.43151

		

		



		Total

		5

		0.00794

		 

		 

		

		Total

		5

		1.61741

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP September 2007:  total abundance regressed on station 

		

		RBP September 2007:  NCBI value regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.00050

		0.08473

		0.78546

		

		Regression

		1

		0.00567

		9.83703

		0.03497



		Residual

		4

		0.02369

		

		

		

		Residual

		4

		0.00231

		

		



		Total

		5

		0.02420

		 

		 

		

		Total

		5

		0.00797

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP September 2007:  EPT index regressed on station 

		

		RBP September 2007:  percentage of the dominant taxon regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.15729

		16.55596

		0.01524

		

		Regression

		1

		0.02726

		0.86567

		0.40483



		Residual

		4

		0.03800

		

		

		

		Residual

		4

		0.12594

		

		



		Total

		5

		0.19530

		 

		 

		

		Total

		5

		0.15320

		 

		 





Figure 3.
Plot comparing EPT indices from rapid bioassessment samples collected from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, collected 19 September 2007.
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Figure 3.
Continued.
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Table 11.
Results of the two-factor ANOVA without replication to detect differences in taxa richness between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for Taxa Richness



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.03320

		5

		0.00664

		2.19517

		0.20423

		5.05033



		Month

		0.00054

		1

		0.00054

		0.17978

		0.68919

		6.60789



		Error

		0.01513

		5

		0.00303

		

		

		



		Total

		0.04887

		11

		

		

		

		





Table 12.
Results of the two-factor ANOVA without replication to detect differences in total abundance between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for Total Abundance



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.04551

		5

		0.00910

		2.05498

		0.22403

		5.05033



		Month

		0.00001

		1

		0.00001

		0.00220

		0.96441

		6.60789



		Error

		0.02215

		5

		0.00443

		

		

		



		Total

		0.06767

		11

		 

		 

		 

		 





Table 13.
Results of the two-factor ANOVA without replication to detect differences in EPT index values between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for EPT Index values



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.32522

		5

		0.06504

		11.31868

		0.00933

		5.05033



		Month

		0.00030

		1

		0.00030

		0.05155

		0.82938

		6.60789



		Error

		0.02873

		5

		0.00575

		

		

		



		Total

		0.35425

		11

		 

		 

		 

		 





Table 14.
Results of the two-factor ANOVA without replication to detect differences in EPT Abundance between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for EPT Abundance



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		1.89295

		5

		0.37859

		9.14559

		0.01485

		5.05033



		Month

		0.02863

		1

		0.02863

		0.69172

		0.44347

		6.60789



		Error

		0.20698

		5

		0.04140

		

		

		



		Total

		2.12857

		11

		

		

		

		





Table 15.
Results of the two-factor ANOVA without replication to detect differences in NCBI between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for NCBI



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.01495

		5

		0.00299

		11.72379

		0.00863

		5.05033



		Month

		0.00031

		1

		0.00031

		1.20907

		0.32162

		6.60789



		Error

		0.00128

		5

		0.00026

		

		

		



		Total

		0.01654

		11

		

		

		

		





Table 16.
Results of the two-factor ANOVA without replication to detect differences in percent dominant taxon between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for Percent Dominant Taxon



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.12919

		5

		0.02584

		2.39509

		0.17989

		5.05033



		Month

		0.01770

		1

		0.01770

		1.64065

		0.25643

		6.60789



		Error

		0.05394

		5

		0.01079

		

		

		



		Total

		0.20082

		11

		

		

		

		





Figure 4.
Plots comparing data from rapid bioassessment samples collected on 25 and 30 July 2007 and 19 September 2007 from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina.
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Figure 4.
Continued.
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Figure 4.
Continued.
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Table 17.
Macroinvertebrates, their NCBI tolerance values (TV) and functional feeding groups (FG) for the six lower Saluda River Hester Dendy stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007

		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Annelida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Hirudinea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Rhynchobdellida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Glossiphoniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		1

		Helobdella triserialis

		9.20

		P

		 

		 

		 

		 

		 

		 

		 

		1

		3

		 

		1

		 

		 

		 

		 

		 



		   Piscicolidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		2

		Myzobdella sp.

		 

		P

		 

		 

		 

		2

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Oligochaeta

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Lumbriculida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbriculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		3

		Lumbriculidae Genus species

		7.03

		SC

		 

		1

		2

		5

		 

		1

		1

		3

		 

		 

		 

		 

		 

		 

		 

		 



		  Tubificida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Naididae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		4

		Dero sp.

		9.00

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 



		   Tubificidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		5

		Tubifex tubifex

		10.00

		SC

		1

		3

		3

		 

		 

		 

		2

		1

		 

		2

		4

		4

		3

		 

		1

		1





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Arthropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Crustacea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Amphipoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Gammaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		6

		Gammarus sp.

		9.10

		OM

		19

		10

		13

		26

		6

		12

		46

		21

		4

		13

		7

		2

		 

		3

		2

		1



		   Talitridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		7

		Hyalella azteca

		7.75

		OM

		18

		3

		1

		80

		5

		31

		7

		10

		23

		21

		16

		1

		 

		6

		2

		2



		  Decapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cambaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		8

		Cambaridae Genus species

		 

		OM

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Isopoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Asellidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		9

		Caecidotea sp.

		9.11

		SC

		64

		23

		18

		90

		40

		167

		73

		50

		32

		40

		33

		17

		 

		3

		3

		10



		 Ostracoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		10

		Ostracoda Genus species

		 

		CF

		 

		 

		 

		 

		 

		3

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 



		 Hexapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Coleoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Elmidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		11

		Ancyronyx variegatus

		6.49

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		7

		 

		 

		1

		1

		1



		12

		Dubiraphia quadrinotata

		5.93

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		51

		8

		9





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		   Elmidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		13

		Dubiraphia sp.

		5.93

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		1

		2

		1



		14

		Macronychus glabratus

		4.58

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		3

		2

		2

		 

		 

		2



		15

		Stenelmis sp.

		5.10

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 



		   Hydrochidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		16

		Hydrochus sp.

		6.55

		SH

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 



		  Diptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Chironomidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		17

		Ablabesmyia mallochi

		7.19

		P

		 

		 

		 

		 

		 

		 

		 

		2

		3

		1

		2

		 

		 

		 

		 

		 



		18

		Corynoneura sp.

		6.01

		CG

		 

		 

		1

		 

		 

		 

		4

		 

		 

		 

		 

		 

		1

		 

		 

		 



		19

		Dicrotendipes sp.

		8.10

		CG

		5

		65

		38

		4

		4

		18

		7

		3

		 

		1

		 

		1

		 

		 

		 

		 



		20

		Nanocladius sp.

		7.07

		CG

		 

		 

		 

		 

		 

		1

		1

		 

		 

		 

		 

		 

		 

		 

		 

		 



		21

		Orthocladius sp.

		5.94

		SH

		 

		1

		 

		 

		 

		 

		3

		 

		 

		 

		 

		6

		5

		 

		 

		 



		22

		Parachironomus sp.

		9.42

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 



		23

		Phaenopsectra obediens gr.

		6.50

		SC

		 

		 

		 

		 

		2

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		24

		Phaenopsectra punctipes gr.

		6.50

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 

		 



		25

		Polypedilum fallax gr.

		6.39

		SH

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 

		 

		 



		26

		Polypedilum flavum

		5.78

		SH

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 



		27

		Polypedilum illinoense gr.

		9.00

		SH

		 

		 

		 

		 

		 

		 

		1

		 

		 

		1

		1

		 

		 

		 

		 

		 



		28

		Rheocricotopus robacki

		7.28

		CG

		1

		1

		 

		 

		 

		 

		 

		1

		 

		1

		 

		 

		 

		 

		 

		 





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		   Chironomidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		29

		Rheotanytarsus exiguus gr.

		5.89

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		4

		2

		 

		 

		 



		30

		Thienemannimyia gr.

		8.42

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		 

		 

		 

		 



		31

		Xestochironomus sp.

		 

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		 

		1

		 

		 

		 



		   Tipulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		32

		Antocha sp.

		4.25

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		7

		2

		 

		 

		 



		33

		Tipula sp.

		7.33

		SH

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 



		  Ephemeroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Baetidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		34

		Baetis sp.

		4.71

		CG

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		2

		 

		 

		 



		   Heptageniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		35

		Maccaffertium modestum

		5.50

		SC

		 

		 

		 

		 

		 

		 

		 

		3

		 

		 

		 

		2

		4

		 

		 

		1



		36

		Stenacron interpunctatum

		6.87

		SC

		 

		 

		 

		 

		2

		1

		3

		1

		7

		3

		6

		4

		 

		1

		 

		 



		  Heteroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Veliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		37

		Microvelia sp.

		 

		P

		 

		 

		 

		 

		 

		 

		1

		 

		2

		 

		 

		1

		 

		 

		 

		 



		  Odonata

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Aeshnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		38

		Boyeria vinosa

		5.89

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		   Coenagrionidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		39

		Argia bipunctulata

		8.17

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 



		40

		Enallagma sp.

		8.91

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 



		  Trichoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Brachycentridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		41

		Micrasema sp.

		 

		SH

		 

		 

		 

		 

		 

		 

		1

		2

		 

		 

		 

		 

		2

		 

		 

		 



		   Hydropsychidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		42

		Cheumatopsyche sp.

		6.22

		CF

		 

		 

		1

		 

		 

		 

		3

		1

		 

		 

		2

		18

		23

		 

		2

		 



		43

		Hydropsyche betteni

		7.78

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		17

		9

		 

		 

		 



		44

		Hydropsyche mississippiensis

		 

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		17

		5

		 

		 

		 



		45

		Hydropsyche venularis

		4.96

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		34

		39

		 

		1

		 



		   Hydroptilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		46

		Hydroptila sp.

		6.22

		SC

		2

		25

		12

		 

		3

		1

		62

		6

		4

		1

		2

		11

		6

		1

		2

		 



		   Leptoceridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		47

		Oecetis avara

		4.70

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		4

		4

		 

		 

		2

		1

		 



		48

		Triaenodes sp.

		4.46

		SH

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		1

		 

		 

		 



		   Polycentropodidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		49

		Cernotina sp.

		 

		P

		 

		 

		 

		 

		1

		1

		 

		1

		2

		 

		 

		 

		 

		 

		 

		 



		50

		Phylocentropus placidus

		6.20

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		6

		1

		5

		2

		 

		 

		2

		 





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Mollusca

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Bivalvia

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Unionoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corbiculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		51

		Corbicula fluminea

		6.12

		CF

		 

		 

		 

		5

		 

		 

		 

		1

		 

		 

		4

		 

		 

		2

		3

		3



		 Gastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Limnophila

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ancylidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		52

		Ferrissia sp.

		6.55

		SC

		 

		 

		 

		4

		 

		1

		1

		1

		 

		 

		 

		 

		 

		1

		 

		 



		   Physidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		53

		Physa sp.

		8.84

		SC

		 

		 

		2

		 

		 

		 

		3

		11

		2

		8

		15

		2

		 

		6

		3

		2



		   Planorbidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		54

		Gyraulus parvus

		4.23

		SC

		 

		1

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		7

		1

		 



		55

		Helisoma anceps

		6.23

		SC

		3

		7

		3

		4

		5

		1

		1

		1

		2

		2

		 

		1

		1

		1

		3

		 



		  Mesogastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrobiidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		56

		Somatogyrus virginicus

		6.37

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		31

		13

		12





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Platyhelminthes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Turbellaria

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Tricladida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Planariidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		57

		Dugesia tigrina

		7.23

		OM

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		1

		 

		 

		4

		5

		 





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 18.
Bioassessment metrics for the six lower Saluda River Hester Dendy stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007.


		Metric

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		



		Taxa Richness

		8

		11

		11

		9

		10

		12

		18

		22

		15

		17

		19

		22

		18

		18

		21

		13



		Number of Specimens

		113

		140

		94

		220

		69

		238

		220

		123

		93

		104

		116

		156

		109

		123

		58

		46



		EPT Index

		1

		1

		2

		0

		3

		3

		4

		8

		4

		4

		5

		8

		9

		3

		5

		1



		EPT Abundance

		2

		25

		13

		0

		6

		3

		69

		16

		19

		9

		19

		105

		91

		4

		8

		1



		Chironomidae Taxa

		2

		3

		2

		1

		2

		2

		5

		4

		2

		4

		4

		4

		5

		0

		0

		0



		Chironomidae Abundance

		6

		67

		39

		4

		6

		19

		16

		7

		4

		4

		6

		13

		10

		0

		0

		0



		EPT/Chironomidae Abundance

		0.33

		0.37

		0.33

		0.00

		1.00

		0.16

		4.31

		2.29

		4.75

		2.25

		3.17

		8.08

		9.10

		-

		-

		-



		North Carolina Biotic Index

		8.36

		7.96

		8.04

		8.04

		8.02

		8.27

		7.71

		7.97

		7.79

		8.04

		7.76

		6.84

		6.05

		6.83

		6.83

		7.29



		SCDHEC Bioclassification

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.3

		1.5

		1.2

		1.0

		1.2

		2.0

		2.8

		1.5

		1.5

		1.5



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Percent Collector-Filterers

		0.00

		0.00

		1.06

		2.27

		0.00

		0.00

		1.36

		1.63

		6.45

		0.96

		9.48

		58.97

		71.56

		1.63

		13.79

		6.52



		Percent Collector-Gatherers

		5.31

		47.14

		41.49

		1.82

		5.80

		9.24

		5.45

		4.07

		2.15

		3.85

		8.62

		6.41

		6.42

		43.09

		20.69

		28.26



		Percent Omnivores

		32.74

		9.29

		14.89

		48.18

		17.39

		18.07

		24.09

		25.20

		29.03

		34.62

		20.69

		1.92

		0.00

		10.57

		15.52

		6.52



		Percent Predators

		0.00

		0.00

		0.00

		0.91

		1.45

		0.42

		0.45

		3.25

		10.75

		4.81

		8.62

		1.92

		0.92

		3.25

		1.72

		2.17



		Percent Scrapers

		61.95

		42.86

		42.55

		46.82

		75.36

		72.27

		66.36

		62.60

		51.61

		53.85

		51.72

		26.28

		12.84

		41.46

		48.28

		56.52



		Percent Shredders

		0.00

		0.71

		0.00

		0.00

		0.00

		0.00

		2.27

		3.25

		0.00

		1.92

		0.86

		4.49

		8.26

		0.00

		0.00

		0.00



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Scraper/Scraper & Collector-Filterers

		-

		-

		40.00

		20.60

		-

		-

		48.67

		38.50

		8.00

		56.00

		5.45

		0.45

		0.18

		25.50

		3.50

		8.67



		Shredders/Total

		0.00

		0.01

		0.00

		0.00

		0.00

		0.00

		0.02

		0.03

		0.00

		0.02

		0.01

		0.04

		0.08

		0.00

		0.00

		0.00



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Percent Dominant Taxon

		56.64

		46.43

		40.43

		40.91

		57.97

		70.17

		33.18

		40.65

		34.41

		38.46

		28.45

		21.79

		35.78

		41.46

		22.41

		26.09



		Number Of Dominant Taxa

		3

		5

		4

		3

		5

		4

		3

		4

		4

		4

		6

		6

		4

		3

		7

		4





Table 19.
Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, and percentage of the dominant taxon among sampling stations for the Hester Dendy data collected on the lower Saluda River, downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007.


		Hester Dendy 2007: taxa richness regressed on station

		

		Hester Dendy 2007: EPT abundance regressed on station



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.15502

		19.10946

		0.00064

		

		Regression

		1

		0.37939

		1.12929

		0.30591



		Residual

		14

		0.11357

		

		

		

		Residual

		14

		4.70337

		

		



		Total

		15

		0.26859

		

		

		

		Total

		15

		5.08276

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		Hester Dendy 2007: total abundance regressed on station

		

		Hester Dendy 2007: NCBI value regressed on station



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.09918

		2.84034

		0.11408

		

		Regression

		1

		0.00963

		16.65633

		0.00112



		Residual

		14

		0.48885

		

		

		

		Residual

		14

		0.00809

		

		



		Total

		15

		0.58803

		

		

		

		Total

		15

		0.01772

		

		



		

		

		

		

		

		

		

		

		

		

		



		Hester Dendy 2007: EPT index regressed on station

		

		Hester Dendy 2007: percentage of the dominant taxon regressed on station



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.32324

		5.50206

		0.03425

		

		Regression

		1

		0.16642

		18.93456

		0.00066



		Residual

		14

		0.82249

		

		

		

		Residual

		14

		0.12305

		

		



		Total

		15

		1.14573

		 

		 

		

		Total

		15

		0.28947

		 

		 





Figure 5.
Plot comparing data from Hester Dendy samples collected from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, retrieved 05 and 19 September 2007.
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Figure 5.
Continued.
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�This comment does not belong in an Introduction but in the Discussion.  Why is there a lack?  Did you look for reference rivers? What about regional reference reaches? It is most likely absence or severe reductions are due to the existence and continued operation of the project.  The reference reach comparison is critical to the interpretation of the biological surveys.


�What type of substrate?  Size?  More description of study sites is needed.


� What was substrate?


�More description


�Again, more description.


�More description


�More description


�Description of these sites?  How do they compare to those in this study?


�Overall, Discussion section is severely  limited 


�Compare and discuss species sampled and how their presence or absence characterizes habitat or lack of


�Why is this so?


�Comparison and discussion of seasonal results?


�How has the observed  decrease of EPT nearer the dam affected aquatic communities?


�Discuss results with other known water quality parameters


�What mitigation may be proposed?


�Stalnacker??
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From: Shane Boring
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; 

Brandon Stutts ; Buddy Baker ; Dick Christie (dchristie@comporium.net); 
Jennifer Hand; Jim Glover; Randy Mahan; Ron Ahle; 

Subject:  Lk. Murray Waterfowl Survey Update
Date: Monday, December 17, 2007 3:11:27 PM
Attachments: 2007-2008 Lake Murray Waterfowl Aerial Survey Flight Conditions.pdf 

2007-2008 Lake Murray Waterfowl Aerial Survey Data.pdf 

All: 
Warren Stephens of the Savannah River Ecology Lab flew the second Lake Murray waterfowl survey of 
the 2007-2008 season on December 12th, 2007.  Results were similar to those of the previous survey, 
with only mallards and Canada geese observed.  Summaries of the data from SREL are attached.  
Thanks for your continued interest in the Lake Murray waterfowl surveys and have a great holiday 
season. 
Shane 
C. Shane Boring 
Environmental Scientist 
Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
  

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=SHANE.BORING
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Shane.Boring
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alan Stuart
mailto:amanda_hill@fws.gov
mailto:bargentieri@scana.com
mailto:perryb@dnr.sc.gov
mailto:bstutts@scana.com
mailto:BakerB@dnr.sc.gov
mailto:dchristie@comporium.net
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Jennifer.Summerlin
mailto:GloverJB@dhec.sc.gov
mailto:rmahan@scana.com
mailto:ahler@dnr.sc.gov



Survey Date: 11/16/2007 12/12/2007


Observer W.L. Stephens W.L. Stephens


Start Time 13:00 13:00


Stop Time 16:00 15:00


Noted General Conditions Clear/Light wind Clear/Windy


Irmo Temp Range (C)* 12-13oC 26-27oC


Irmo Wind (mph)*
Calm-SW@10; 


Gust@21
Calm-SW@9; 


Gust@25


Irmo Rainfall (mm)* None None


Irmo Sky Conditions* BKN BKN


2007-08 Lake Murray, South Carolina, Waterfowl Aeri al Survey Flight Conditions 


*Dutch Oaks, Irmo, SC   Lat: N 34 ° 8 ' 49 '' ( 34. 147 ° ); Lon: W 81 ° 12 ' 54 '' ( -81.215 ° ); Elev ation: 366 ft; Station Hardware: Oregon Scientific 
WMR968


Abbreviations: PC=Partly Cloudy, OVC=Overcast, FEW=Few Clouds, SCT=Scattered Clouds, CLR=Clear Skies, BKN=Broken Skies








Survey Date: 11/16/2007 12/12/2007 All Surveys


Mallard 4 2 6
American Black Duck 0
Mottled Duck 0
Gadwall 0
American Wigeon 0
G-W Teal 0
B-W Teal 0
Cinnamon Teal 0
Northern Shoveler 0
Northern Pintail 0
Wood Duck 0
Whistling Ducks 0


Total Dabblers: 4 2 0 0 0 0 6


Redhead 0
Canvasback 0
Scaup spp. 0
Ring-necked Duck 0
Common Goldeneye 0
Bufflehead 0
Ruddy Duck 0


Total Divers: 0 0 0 0 0 0 0


Eider spp. 0
Scoter spp. 0
Long-tailed Duck 0
Harlequin Duck 0


Total Seaducks: 0 0 0 0 0 0 0


Merganser spp. 0
Unidentified Ducks 0


Total Ducks: 4 2 0 0 0 0 6


Brant 0
Snow Goose 0
Blue Goose 0
Ross's Goose 0
White-Fronted Goose 0
Canada Goose 20 90 110


Total Geese: 20 90 0 0 0 0 110


Tundra Swan 0
Trumpeter Swan 0
Mute Swan 0


Total Swans: 0 0 0 0 0 0 0


American Coot 0


Grand Total: 24 92 0 0 0 0 116


2007-08 Lake Murray, South Carolina, Waterfowl Aerial Survey Data


Savannah River Ecology Laboratory                 Contact: Robert Kennamer (803-725-0387); kennamer@uga.edu  







From: Jennifer Summerlin
To: "Patrick Moore"; 
Subject: RE: Saluda Relicensing: Fish Entrainment and Turbine Mortality Report, TWC Final Version
Date: Monday, March 12, 2007 5:12:55 PM

Hey Patrick,
 
Yes, I will be handling the monitoring at the Columbia Fishway this Spring.  I will be 
monitoring two days a week (shift 1: 6:00am-10:00am and 4:00pm-8:00pm, shift 2: 
10:00am-6:00pm) until I see 50 shad per day.  Once I see 50 shad, then I will be monitoring 
7 days a week alternating between the two schedules I just mentioned.  The time of my 
shifts may vary, due to available day light hours.  However, I will monitor a total of 8 hours 
per shift.  Unfortunately I do not have a set schedule, because of other projects I have going 
on right now.  Problems that I will most likely encounter are inclement weather and bad 
water clarity.  Hopefully we won't encounter too much of this during the American shad 
migration (right now).  If you have any other questions, please let me know!
 
Thanks,
 
Jennifer-most people call me Jeni

-----Original Message----- 
From: Patrick Moore [mailto:PatrickM@scccl.org]  
Sent: Monday, March 12, 2007 3:12 PM 
To: Jennifer Summerlin 
Subject: RE: Saluda Relicensing: Fish Entrainment and Turbine Mortality Report, 
TWC Final Version 
 
Hi Jennifer,
I believe I heard that you were going to handle the monitoring at the fishway this Spring. 
 I was wondering when the monitoring period begins, what hours etc.
 
Any word?
 
Thanks
 
Patrick Moore 
Project Manager
Coastal Conservation League
2231 Devine St.  Suite 100
Columbia, S.C. 29205
803.771.7750
 

-----Original Message----- 
From: Jennifer Summerlin [mailto:Jennifer.Summerlin@KleinschmidtUSA.com]  
Sent: Monday, March 12, 2007 2:47 PM 
To: balesw@dnr.sc.gov; Alan Stuart; Alison Guth; Amanda Hill; Bill Argentieri; 
Bill East; Bill Hulslander; Bill Marshall; Bob Perry ; bseibels@yahoo.com; 
Charlene Coleman; Daniel Tufford; Dick Christie; Ed Diebold; George Duke; 

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=JENNIFER.SUMMERLIN
mailto:PatrickM@scccl.org


Gerrit Jobsis (American Rivers); Gina Kirkland; Hal Beard; Jeff Duncan; Jennifer 
O'Rourke; Jennifer Summerlin; Jim Glover; Jim Goller; Joe Logan; Joy Downs; 
turnerle@dhec.sc.gov; laura.mccary@gmail.com; Malcolm Leaphart; Mark Leao; 
Mike Sloan; Norman Ferris; Patrick Moore; Prescott Brownell; Ralph Crafton; 
Randy Mahan; rbull@davisfloyd.com; Robert Lavisky; Ron Ahle; Sam Drake; 
Scott Harder; Shane Boring; Steve Bell; Steve Leach; Steve Summer; Suzanne 
Rhodes; tbowles@scana.com 
Subject: Saluda Relicensing: Fish Entrainment and Turbine Mortality Report, 
TWC Final Version
 

All: 

Attached for your reference is the Final Technical Working Committee Version of 
the Saluda Hydro Fish Entrainment and Turbine Mortality Report.  The report will 
be posted on the Saluda Hydro Relicensing Website.  Thank-you for your 
continued cooperation in the Saluda relicensing process.

<<Saluda Hydro Entrainment-Moratlity Report 2007-03-12 FINAL TWC Version.
pdf>> 

Thanks, 

Jennifer Summerlin  
Scientist Technician  
Kleinschmidt Associates  
101 Trade Zone Drive, Suite 21A  
West Columbia, SC 29170  
P:803.822.3177  
F:803.822.3183 

 



From: ARGENTIERI, WILLIAM R
To: Alison Guth; Winward point Yacht Club ; Aaron Small; Alan Axson; 

Alan Stuart; Amanda Hill; Andy Miller; Bertina Floyd; Bill Brebner ; Bill East; 
BGreen@smeinc.com; Bill Hulslander; Bill Marshall; Bill Mathias; 
bseibels@yahoo.com; STUTTS, BRANDON G; Bret Hoffman; Brett Bursey; 
TRUMP, BETH W; Bud Badr; Buddy Baker ; Charlene Coleman; 
Charles Floyd; Charlie Compton; Charlie Rentz; Chris Judge; Chris Page; 
Daniel Tufford; Dave Anderson; Dave Landis; David Allen; 
HANCOCK, DAVID E; David Jones; David Price; Dick Christie; Don Tyler; 
Donald Eng; Ed Diebold; duncane@mrd.dnr.state.sc.us; Ed Fetner; 
Edward Schnepel; aregaf@dnr.sc.gov; George Duke; 
Gerrit Jobsis (American Rivers); Gina Kirkland; Guy Jones; Hal Beard; 
Hank McKellar; ipitts@scprt.com; Jeff Duncan; Jennifer O"Rourke; 
Jennifer Price ; Jennifer Hand; Jerry Wise; DEVEREAUX, JAMES; Jim Glover; 
Jim Goller; Jim Ruane ; BUTLER, JO A; Joe Logan; Joel Huggins ; 
John and Rob Altenberg; johned44@bellsouth.net; jsfrick@mindspring.com; 
Jon Leader; Joy Downs; Karen Kustafik; Keith Ganz-Sarto; Ken Styer ; 
Ken Uschelbec; Kenneth Fox; Kim Westbury; Kristina Massey; 
turnerle@dhec.sc.gov; Lee Barber; Linda Lester ; Malcolm Leaphart; 
Marianne Zajac; Mary Kelly; Michael Murrell; Mike Duffy; Mike Sloan; 
SUMMER, MICHAEL C; Mike Waddell; Miriam Atria; Norm Nicholson; 
Norman Ferris; Parkin Hunter; Patricia Wendling; Phil Hamby ; 
Prescott Brownell; Randal Shealy; RMAHAN@scana.com; 
AMMARELL, RAYMOND R; Rebekah Dobrasko; rbull@davisfloyd.com; 
Rhett Bickley; Richard Kidder; Richard Mikell; SKEENER@sc.rr.com; 
Robert Lavisky; Ron Ahle; Ronald Scott; Roy Parker; Russell Jernigan; 
YANITY, ROBERT; Sam Drake; Sandra Reinhardt; Sean Norris; 
Shane Boring; Skeet Mills ; Stanley Yalicki; Steve Bell; 
SUMMER, STEPHEN E; Suzanne Rhodes; tpowers@newberrycounty.net; 
Theresa Thom; Tim Vinson; BOWLES, THOMAS M; 
HAMILTON, J. HAGOOD JR; Tom Ruple; Tom Stonecypher; 
BOOZER, THOMAS C; Tony Bebber; HOFFMAN, VAN B; Wenonah Haire; 
Mike Schimpff; FITTS, MARY R; LANDRETH, JAMES M; Chuck Cantley; 
jimc@scccl.org; QUATTLEBAUM, MILTON; 

Subject: Saluda Hydro Flow Releases and Potential Low DO
Date: Wednesday, September 19, 2007 9:36:02 AM

To all Saluda Hydro Relicensing RCG and TWC Members:

Please be advised that Saluda Hydro turbine venting testing is 
scheduled for the week of September 23, 2007.  Saluda Hydro Units 
2, 3, and 5 will be tested September 24 through September 28.  
***Please note that during these tests, the Saluda Hydro units will be 
operated in several combinations and at various loads, with vents 
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closed and open, in order to evaluate the effect on downstream DO of 
the hub baffles (Unit 5), nose cone (Unit 3) and runner seal 
improvements (Units 2 & 3) which were completed earlier this year.  

These tests are likely to produce short duration 
impacts on DO in the lower Saluda River for some 
distance downstream of the plant (essentially zero at 
times, in particular in the upper reaches of the river).  

SCE&G is conducting these tests to gather information which will be 
used when dispatching the Saluda Hydro units during future low DO 
periods.

William R. Argentieri
South Carolina Electric & Gas Company
111 Research Drive
Columbia, SC 29203
 
Phone - (803) 217-9162
Fax - (803) 933-7849
Cell - (803) 331-0179
 
 



From: Bill Marshall
To: Kelly Maloney; Tony Bebber; BARGENTIERI@scana.com; Charlene Coleman; 

Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer Hand; 
Karen Kustafik; Malcolm Leaphart; Patrick Moore; Alan Stuart; Dick Christie; 

Subject: RE: Downstream Flows Study Update
Date: Monday, September 10, 2007 4:23:31 PM

 
Okay, Kelly. Thanks for the quick reply. I hope all goes well for you and baby. 
 
 
-----Original Message----- 
From: Kelly Maloney [mailto:Kelly.Maloney@KleinschmidtUSA.com] 
Sent: Mon 9/10/2007 4:12 PM 
To: Bill Marshall; Tony Bebber; BARGENTIERI@scana.com; Charlene Coleman; 
Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer Summerlin; Karen 
Kustafik; Malcolm Leaphart; Patrick Moore; Alan Stuart; Dick Christie 
Subject: RE: Downstream Flows Study Update 
 
Bill, 
 
Good afternoon.  The draft report including all components identified 
below has been completed and is undergoing internal review.  I would 
anticipate that the draft for TWC review will be available as per the 
schedule originally provided in the study plan.  It says "Fall 2007", 
which is general, but I anticipate distribution to the TWC for review 
and comment before I depart for maternity leave in October. 
 
Hope all is well, 
Kelly 
 
        -----Original Message----- 
        From: Bill Marshall [mailto:MarshallB@dnr.sc.gov] 
        Sent: Monday, September 10, 2007 4:04 PM 
        To: Kelly Maloney; Tony Bebber; BARGENTIERI@scana.com; Charlene 
Coleman; Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer 
Summerlin; Karen Kustafik; Malcolm Leaphart; Patrick Moore; Alan Stuart; 
Dick Christie 
        Subject: RE: Downstream Flows Study Update 
        
        
 
        Dave, Kelly, or Alan --  I just looked over the online 
presentation slides for the "Flow Release Study"  (study based on 
level-logger data) that was provided at the July 19 quarterly meetings. 
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I had to miss those meetings and the presentation but am interested in 
knowing more about the findings, as the slides are brief and some even 
seem to get into issues beyond our basic question -- that is, how fast 
does the water rise under a range of typical hydro release scenarios? 
        
           Please remind me of the plan for sharing results with the TWC 
and producing draft reports on this and the other parts of the 
downstream flows assessment, described below.  Thanks. 
        
        Bill Marshall 
        
        
        ________________________________ 
        
        From: Kelly Maloney [mailto:Kelly.Maloney@KleinschmidtUSA.com] 
        Sent: Friday, April 06, 2007 3:16 PM 
        To: Tony Bebber; Bill Argentieri; Bill Marshall; Charlene 
Coleman; Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer 
Summerlin; Karen Kustafik; Kelly Maloney; Malcolm Leaphart; Patrick 
Moore 
        Cc: Alan Stuart 
        Subject: Downstream Flows Study Update 
        
        
        
        Downstream Flows TWC, 
        
        Good afternoon.  I hope this email finds you well.  As several 
of you have posed questions and inquiries as to the status of the 
Downstream Recreation Flow Assessment, we thought we would provide a 
progress report.  I have provided an update below on the various phases 
outlined in the Downstream Recreation Flow Assessment Study Plan: 
        
        Phase I - Literature Review and Desktop Analysis 
        
                This component of the study is ongoing and will continue 
through the duration.  So far, we have compiled a fair amount of 
literature pertaining to recreation on the lower Saluda River including 
the Three Rivers Greenway Plan, South Carolina Statewide Comprehensive 
Outdoor Recreation Plan (SCORP), the Lower Saluda Scenic River Corridor 
Plan and Update, the Draft 2006 Saluda Recreation Assessment, and lower 
Saluda River creel surveys.  In addition, we have collected hydrologic 
data from the USGS. 
        

mailto:Kelly.Maloney@KleinschmidtUSA.com


        Phase II - Focus Group and Field Reconnaissance 
        
                Expert Panel Focus Group - We would like to schedule 
this fairly soon as input received during the focus group will help us 
to determine what flows should be evaluated during the on-site 
reconnaissance.  The members of the Downstream Flows TWC, and additional 
experienced recreational users and resources experts, as needed, will 
comprise the focus group.  Please provide information regarding your 
availability for a focus group meeting on the afternoon or evening or 
April 17, the afternoon or evening of April 18 or the morning of April 
20.  Please also provide any suggestions you may have for additional 
individuals who should be invited to participate in the focus group 
panel. 
        
                Expert Panel On-site Evaluation - We would also like to 
schedule this effort soon.  We are tentatively looking at the week of 
May 14 through May 20.  We anticipate that this will be a combination of 
a land and water-based reconnaissance whereby participants will engage 
in a variety of activities (paddling, angling) or observe recreation 
sites with specific activities in mind (swimming, rock hopping) to 
provide input on the appropriateness of each flow level for the specific 
activity in which that individual is participating or observing.  There 
will be three flows provided which will be discussed and finalized 
during the expert panel focus group.  Tentatively, we anticipate 
requesting a flow of 1,000 cfs or less (indicated in TWC meeting notes 
as being most appropriate for boating, swimming, rock hopping and wade 
angling), a flow of 2,500 cfs (indicated in TWC meeting notes as being 
most appropriate for boating, tubing and bank angling), and a flow of 
5,000 cfs (indicated in TWC meeting notes and American Whitewater as 
most appropriate for whitewater paddling). 
        
                Rate of Change Video Documentation - A high flow rate of 
change event (18,000 cfs) was video documented on January 31, 2007.  The 
surveyor was stationed at Mill Race rapids from approximately 7:00 am to 
about 12:30 pm to capture both the water rise and a duration of maximum 
stage 
        
        Phase III - Field Data Collection 
        
                Level Logger Deployment and Data Collection - The level 
loggers, which record the stage (in feet) and temperature every minute, 
were deployed at the 8 sites detailed in the study plan.  The level 
loggers were installed during the week of January 15 and removed during 
the week of February 19.  Data was collected from January 22 through 



February 22 and includes the following flow events: 
        
                        Monday, January 22 - 12,000 cfs - 5:49 AM 
                        Tuesday, January 23 - 10,000 cfs - 5:56 AM 
                        Wednesday, January 24 - 8,000 cfs - 5:49 AM 
                        Tuesday, January 30 - 14,000 cfs - 6:11 AM 
                        Wednesday, January 31 - 18,000 cfs - 6:10 AM 
                        Thursday, February 1 - 16,000 cfs - 6:10 AM 
                        Tuesday, February 6 - 14,000 cfs - 5:00 AM 
                        Tuesday, February 6 - 1,000 cfs - 6:00 PM 
                        Wednesday, February 7 - 2,000 cfs - 5:55 PM 
                        Thursday, February 8 - 3,000 cfs -  3:55 AM 
                        Tuesday, February 13 - 4,000 cfs -  6:03 AM 
                        Wednesday, February 14 - 5,000 cfs - 5:00 PM 
                        Thursday, February 15 - 6,000 cfs - 4:00 AM 
        
                        Level Logger Analysis - Analysis of the level 
logger data, in conjunction with USGS hydrologic data, as per the study 
plan is ongoing. 
        
        We hope that this helps to clarify the status of the Downstream 
Recreation Flow Assessment Study Plan.  If you have any additional 
questions or concerns, do not hesitate to contact me or Dave Anderson. 
        
        Thank you, 
        Kelly Maloney 
        
        
        
        
        
 
 



From: Shane Boring
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; 

Gerrit Jobsis (American Rivers); Jennifer Price ; Jennifer Hand; Jim Glover; 
Randy Mahan; Ron Ahle; Shane Boring; 

Subject: Saluda Hydro Relicensing: 2007 Lower Saluda Macroinvert Draft Report
Date: Monday, November 19, 2007 10:29:05 AM
Attachments: 2007 Lower Saluda Macroinvert report(agency draft;11192007).doc 

Dear Freshwater Mussels/Aquatic Macroinvertebrate Technical Working Committee Members: 
As you may recall, the Lower Saluda Macroinvertebrate Study Plan called for sampling of the Lower 
Saluda biota in both 2006 and 2007.  Attached for your review is the draft report for the 2007 sampling 
season,  which was prepared by Dan Carnagey at Carnagey Biological.  Please provide comments on the 
draft, preferably in MS Word track changes, by Friday November 30th.  Many thanks to all who have 
contributed, and in particular, thanks to Jeni Hand and Milton Quattlebaum for their hard work in the 
field on this project. 
Please don't hesitate to call should you have questions about the draft report. 
C. Shane Boring 
Environmental Scientist 
Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
**** Due to our recent move, please note that updated Kleinschmidt contact info is provided above.   
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I.  SUMMARY

On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY BIOLOGICAL SERVICES, LLC (SCDHEC Laboratory Certification No. 32010), SOUTH CAROLINA ELECTRIC & GAS (SCE&G), and KLEINSCHMIDT ASSOCIATES conducted an instream benthic macroinvertebrate community rapid bioassessment on the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SCE&G. Additionally, three replicate Hester Dendy multi-plate macroinvertebrate samplers were placed at each sampling station on 25 July 2007, allowed to colonize, and collected on 19 September 2007 to compare with the rapid bioassessment data.


To determine if macroinvertebrate communities differed significantly between sampling stations, data were analyzed with linear regression. Regression analysis of the Hester Dendy data showed biotic conditions improved significantly as distance from the dam increased. This result was expected, as studies have demonstrated that rapid fluctuations in current velocity and water level (associated with the operation of hydroelectric dams) results in reduced diversity, by decreasing habitat and/or survival of habitat-specific taxa (Death, 1995; Death and Winterbourn, 1995; Ward and Stanford, 1995; Valentin et al., 1995). As distance from the dam increases, the fluctuations in current velocity and water level are smaller and slower, resulting in improved biotic conditions.


For the rapid bioassessment data, regression analysis showed no detectable trends in taxa richness, total abundance, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam in July or in September. The July samples did show a significant increase in the EPT indices as distance from the dam increased. The September samples showed a significant increase in EPT index and EPT abundance values as distance from the dam increased. The September samples also showed a significant decrease in NCBI values as distance from the dam increased. This corroborates the Hester-Dendy data.

Comparing the two methods, the Hester Dendy method detected trends among stations that were not statistically significant for the rapid bioassessment data. This may be due to the high sampling variability of rapid bioassessment samples. There is greater variability in the rapid bioassessment data because this method only samples the river margins, where habitat is less stable due to river level fluctuations. The Hester Dendy samplers provide a more stable habitat, and lower variability in the samples enables the detection of trends in the macroinvertebrate community.

II. INTRODUCTION


On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY BIOLOGICAL SERVICES, LLC, SOUTH CAROLINA ELECTRIC & GAS (SCE&G), and KLEINSCHMIDT ASSOCIATES, conducted a benthic macroinvertebrate rapid bioassessment on the lower Saluda River downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SCE&G.


The hydroelectric dam produces electricity from water obtained from Lake Murray. This water is released into the lower Saluda River and can affect the benthic macroinvertebrate communities downstream in several ways. First, mechanical disturbance results from rapid changes in water level and current velocity during the production of power. This disturbance can reduce the amount of stable macroinvertebrate habitats, including stream banks, leaf packs, and fine sediment deposits (Stalnaker et al., 1989; Death, 1995; Ward and Stanford, 1995; Valentin et al., 1995). Secondly, due to the thermal stratification of Lake Murray in summer, the release of anoxic water from the hypolimnion can reduce oxygen levels of the lower Saluda River. This can reduce the amount of suitable habitat for macroinvertebrates, which require oxygen to live.


Due to a lack of reference or control stations, it is not possible to determine if operation of the hydroelectric dam (rapid, periodic fluctuations in water level and current velocity) has caused a reduction in the diversity and abundance of the macroinvertebrate community at the sampled locations. However, this study can answer the following questions:


1)  Are there significant differences in the macroinvertebrate community as a function of distance from the hydroelectric dam?


2)  What differences were found between rapid bioassessment and Hester Dendy multi-plate sampler collection methods?

III. DESCRIPTION OF THE STUDY AREA


Six stations were sampled on the lower Saluda River, beginning directly downstream from the hydroelectric dam’s release and ending approximately 10.5 kilometers downstream (Figure 1). The first sampling site, Station TR, was established approximately 500 meters downstream from the hydroelectric dam. Available habitat consisted of thick mats of submerged aquatic macrophytes, submerged logs and some rocks.


[image: image14.png]T
0gDn4 08 12 16
3
~ \
N :
B \
SPW
o Broay Rjver
-~ G ‘
i e > I
Iy TR \
r\'/J |’
N
B ’
2 - -
B
R
0
Y
Al <
— v





Figure 1.
Sampling locations for benthic macroinvertebrates collected from the lower Saluda River, downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina.


The second sampling site, Station SPW, was located in the side channel formed by the dam's spillway. This channel was located approximately one kilometer downstream from the hydroelectric dam. When not in use, the spillway channel receives water only from seeps along the banks, leakage from spillway gates, and the backwater effect from the Saluda's mainstem. Available habitats included submerged aquatic macrophytes, vegetated banks, large rocks and boulders, and the channel bottom.


The third river sampling site, Station MR, was located just upstream of the confluence with Twelve Mile Creek and approximately 4.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, large rocks, vegetated banks, and the muddy channel bottom.


The fourth river sampling site, Station LR, was located between the Interstate 20 and Interstate 26 bridges and approximately 8.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, vegetated banks, a riffle area, and the muddy channel bottom.


The fifth river sampling site, Station OB, was located near the Ocean Boulevard shoal area and approximately 9.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, vegetated banks, large boulders and rocks, aquatic macrophytes, and the river bottom.

The sixth river sampling site, Station ZO was located near the Riverbanks Zoo river access and approximately 10.5 kilometers downstream from the hydroelectric dam. Available habitats included submerged logs, snags, vegetated banks, and the muddy channel bottom.


Previous rapid bioassessments included other sampling sites. These stations included Stations UR and OX. 

IV. MATERIALS AND METHODS


A.  Field Procedures


1. Rapid Bioassessment Samples


Aquatic macroinvertebrates were qualitatively collected from all available habitats (e.g., stream margins, leaf packs, aquatic vegetation, water soaked logs and sand deposits) using a D-frame aquatic dip net and by picking organisms from substrates with forceps. Sampling was conducted along a 10-50 meter area at each location to the depth of approximately one meter. For each station, collections from all habitat types were pooled to form one aggregate sample and preserved in the field with 80% ethanol. Each sample represented 1.5 man-hours of sampling effort by experienced biologists. Sampling procedures were kept similar at each station to enable taxonomic and numerical population comparisons between stations.


2.  Hester Dendy Samples


Additionally, three replicate Hester Dendy multi-plate macroinvertebrate samplers were placed at five stations, allowed to colonize for seven weeks, and collected for analyses. The samplers were preserved in the field with 70% ethanol and returned to CARNAGEY BIOLOGICAL SERVICES, LLC for sample processing. Hester Dendy samplers were colonized from 25 July 2007 to 19 September 2007.

3.  Physicochemical Measurements


In conjunction with the macroinvertebrate assessment, water temperature, dissolved oxygen, pH, and conductivity were measured using a Yellow Springs Instruments Model 55 Dissolved Oxygen meter and a Yellow Springs Instruments Model 63 Multimeter.  


B. Laboratory Procedures


Upon return to the laboratory, the macroinvertebrates were removed from any debris with the aid of a stereo microscope, identified to the lowest positive taxonomic level, and enumerated using appropriate techniques and taxonomic keys. All specimens will be maintained by CARNAGEY BIOLOGICAL SERVICES, LLC, in a voucher collection for five years, or placed into the permanent reference collection.


C. Data Analysis


To obtain the most information possible from the data, several types of analysis were performed. Bioassessment metrics allowed comparison of stations based on their overall taxonomic composition. Regression analyses detected trends in macroinvertebrate community composition with distance from the dam. Additionally, comparison of the July rapid bioassessment samples to the September rapid bioassessment samples was based on two-factor ANOVAs without replication. Data were log10(x+1) transformed prior to analysis.

1.  Bioassessment Metrics


Comparisons of the macroinvertebrate communities were based on changes in taxonomic composition between sampling sites and on the known tolerance levels and life history strategies of the organisms encountered. Changes in taxonomic composition were determined using the metrics outlined in Rapid Bioassessment Protocol III of Rapid bioassessment protocols for use in streams and rivers (Plafkin et al. 1989). These metrics include the following:



a) Taxa richness - The number of different taxa found at a particular location is an indication of diversity. Reductions in community diversity have been positively associated with various forms of environmental pollution, including nutrient loading, toxic substances, and sedimentation (Barbour et al., 1996; Fore et al., 1996; Rosenberg and Resh, 1993; Shackleford, 1988).



b) EPT Index - EPT Index is the number of taxa from the insect orders Ephemeroptera, Plecoptera and Trichoptera found at a station. These three insect orders are considered to be intolerant of adverse changes in water quality, especially temperature and dissolved oxygen, and therefore, a reduction in these taxa is indicative of reduced water quality (Barbour et al., 1996; Lenat, 1988).



c) Chironomidae taxa and abundance - The Chironomidae are a taxonomically and ecologically diverse group with many taxa which are tolerant of various forms of pollution. The chironomids are often the dominant group encountered at impacted or stressed sites (Rosenberg and Resh, 1993).



d) Ratio of EPT and Chironomidae abundance - The relative abundance of these four indicator groups is a measure of community balance. When comparing sites, good biotic conditions are reflected in a fairly even distribution among these four groups (Plafkin et al., 1989). The value of this ratio is reduced by impact due to the general reduction of the more sensitive EPT taxa and an increase in the more tolerant chironomid taxa.



e) Ratio of scraper/scraper and filtering collectors - When comparing sites, shifts in the dominance of a particular feeding type may indicate a community responding to an over-abundance of a particular food source or toxicants bound to a particular food source (Rosenberg and Resh, 1993).



f) Shredder/total number of specimens collected - When comparing sites, reductions in the relative abundance of shredders can indicate changes in the quality or quantity of riparian zone vegetation or the presence of toxic substances bound to organic carbon contained in the leaf and woody material which comprises their food source (Plafkin et al., 1989).



g) Percent contribution of dominant taxon - This measures the redundancy and evenness of the community structure. It assumes a highly redundant community reflects an impaired community because as the more sensitive taxa are eliminated, there is often a significant increase in the remaining tolerant forms (Barbour et al., 1996; Shackleford, 1988).



h) North Carolina biotic index (NCBI) - NCBI = TViNi/N where TVi is the tolerance value for the ith  taxon, Ni is the abundance of the ith taxon, and N is the total abundance of all taxa in the sample. This index utilizes a pollution tolerance value developed over a wide range of conditions and pollution types and taxon abundance to assess the amount of impact (North Carolina Department of Environment, Health and Natural Resources, 1997). The values range from 0-10, increasing as water quality decreases. This metric appears to be adversely affected by the combination of low taxa richness and low abundance, often indicating better conditions than actually exist.


2.  Regression Analyses


a.  Rapid Bioassessment Data


To detect trends in the macroinvertebrate community as a function of distance from the hydroelectric dam (sampling station), six linear regression analyses were performed on the rapid bioassessment data. Data were log10(x+1) transformed prior to regressing taxa richness, total abundance, EPT index, EPT abundance, NCBI values, and percentage of the dominant taxon on distance from the dam. Plots of data were constructed if any trends were detected (alpha ≤ 0.05) among stations.


b.  Hester Dendy Data


To detect trends in the macroinvertebrate community as a function of distance from the hydroelectric dam (sampling station), six linear regression analyses were performed on the Hester Dendy data. Data were log10(x+1) transformed prior to regressing taxa richness, total abundance, EPT index, EPT abundance, NCBI values, and percentage of the dominant taxon on distance from the dam. Plots of data were constructed if any trends were detected (alpha ≤  0.05) among stations.


V. RESULTS


A. Physicochemical Analysis


The water chemistry data taken in conjunction with the macroinvertebrate assessment are presented in Tables 1 and 2. 


Table 1.
Physicochemical data collected in conjunction with the macroinvertebrate assessments of the lower Saluda River downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		

		Station



		Parameter

		TR

		SPW

		MR

		LR

		OB

		ZO



		Temperature (°C)

		15.2

		16.0

		17.1

		17.9

		18.7

		18.3



		Dissolved Oxygen (mg/l)

		9.64

		6.85

		10.32

		9.90

		9.76

		6.83



		pH (SU)

		6.52

		6.69

		6.99

		6.99

		7.11

		7.15



		Conductivity (SYMBOL 109 \f "Symbol"S/cm)

		64.4

		68.0

		66.5

		70.1

		69.9

		72.1





Table 2.
Physicochemical data collected in conjunction with the macroinvertebrate assessments of the lower Saluda River downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		

		Station



		Parameter

		TR

		SPW

		MR

		LR

		OB

		ZO



		Temperature (°C)

		17.7

		17.7

		17.8

		18.3

		18.4

		18.3



		Dissolved Oxygen (mg/l)

		8.92

		8.86

		10.78

		9.68

		9.15

		8.76



		pH (SU)

		6.73

		6.40

		6.83

		6.71

		6.91

		7.12



		Conductivity (SYMBOL 109 \f "Symbol"S/cm)

		105.6

		89.3

		87.2

		89.7

		86.8

		90.0





B. Macroinvertebrate Community Analysis


1.  Rapid Bioassessment Samples (25 and 30 July 2007)

A total of 1123 specimens representing 69 taxa were collected from six sampling stations during this assessment. The number of specimens collected, their NCBI tolerance values, functional feeding groups, and relative abundance are presented in Table 3 for each station. Bioassessment metrics for each sampling station are presented in Table 4. Table 5 lists the number of specimens and relative abundance of dominant taxa (>5% of the collection) for each station.


The sampling effort at Station TR yielded 214 specimens representing 22 taxa (Table 3). An EPT index of 4 was calculated for this station, and the NCBI value of 8.11 resulted in a water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and contributed 24% of the collection. The dominant functional feeding group was the scrapers, which contributed 47% of the collection. The dominant taxon was Dicrotendipes sp., contributing 21% of the specimens collected (Table 5).


The sampling effort at Station SPW yielded 323 specimens representing 34 taxa (Table 3). An EPT index of 4 was calculated for this station, and the NCBI value of 7.48 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 7 taxa and contributed 13% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 26% of the collection. The dominant taxon was Gammarus sp., contributing 14% of the specimens collected (Table 5).


The sampling effort at Station MR yielded 180 specimens representing 29 taxa (Table 3). An EPT index of 10 was calculated for this station, and the NCBI value of 6.60 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and contributed 6% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 53% of the collection. The dominant taxon was Caecidotea sp., contributing 19% of the specimens collected (Table 5).


The sampling effort at Station LR yielded 214 specimens representing 26 taxa (Table 3). An EPT index of 11 was calculated for this station, and the NCBI value of 6.48 resulted in a water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 3 taxa and contributed 2% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 54% of the collection. The dominant taxon was Caecidotea sp., contributing 18% of the specimens collected (Table 5).


The sampling effort at Station OB yielded 192 specimens representing 26 taxa (Table 3). An EPT index of 10 was calculated for this station, and the NCBI value of 6.02 resulted in a water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 5 taxa and contributed 4% of the specimens collected. The dominant functional feeding group was the collector-filterers, which contributed 34% of the collection. The dominant taxon was Baetis intercalaris, contributing 13% of the specimens collected (Table 5).


The sampling effort at Station ZO yielded 185 specimens representing 40 taxa (Table 3). An EPT index of 9 was calculated for this station, and the NCBI value of 6.92 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by a 12 taxa and contributed 15% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 34% of the collection. The dominant taxon was Campeloma decisum, contributing 14% of the specimens collected (Table 5).


Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 0.05) in taxa richness, total abundance, EPT abundance, NCBI, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam(Table 6). EPT indices increased significantly as a function of distance from the hydroelectric dam (Table 6, Figure 2).

2.  Rapid Bioassessment Samples (19 September 2007)


A total of 1132 specimens representing 69 taxa were collected from six sampling stations during this assessment. The number of specimens collected, their NCBI tolerance values, functional feeding groups, and relative abundance are presented in Table 7 for each station. Bioassessment metrics for each sampling station are presented in Table 8. Table 9 lists the number of specimens and relative abundance of dominant taxa (>5% of the collection) for each station.


The sampling effort at Station TR yielded 208 specimens representing 26 taxa (Table 3). An EPT index of 3 was calculated for this station, and the NCBI value of 8.29 resulted in a water quality rating of “poor” (Table 4). The Chironomidae were represented by 3 taxa and contributed 5% of the collection. The dominant functional feeding group was the predators, which contributed 37% of the collection. The dominant taxon was Enallagma sp., contributing 32% of the specimens collected (Table 5).


The sampling effort at Station SPW yielded 237 specimens representing 31 taxa (Table 3). An EPT index of 6 was calculated for this station, and the NCBI value of 7.87 resulted in a water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and contributed 13% of the specimens collected. The dominant functional feeding groups were the predators and the scrapers, which each contributed 31% of the collection. The dominant taxon was Enallagma sp., contributing 19% of the specimens collected (Table 5).


The sampling effort at Station MR yielded 201 specimens representing 27 taxa (Table 3). An EPT index of 7 was calculated for this station, and the NCBI value of 6.51 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 3 taxa and contributed 5% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 46% of the collection. The dominant taxon was Simulium confusum, contributing 15% of the specimens collected (Table 5).


The sampling effort at Station LR yielded 215 specimens representing 32 taxa (Table 3). An EPT index of 12 was calculated for this station, and the NCBI value of 6.87 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and contributed 6% of the specimens collected. The dominant functional feeding group was the scrapers, which contributed 71% of the collection. The dominant taxon was Caecidotea sp., contributing 29% of the specimens collected (Table 5).


The sampling effort at Station OB yielded 271 specimens representing 32 taxa (Table 3). An EPT index of 12 was calculated for this station, and the NCBI value of 6.70 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and contributed 4% of the specimens collected. The dominant functional feeding group was the collector-filterers, which contributed 40% of the collection. The dominant taxon was Hydropsyche mississipiensis, contributing 20% of the specimens collected (Table 5).


The sampling effort at Station ZO yielded 168 specimens representing 32 taxa (Table 3). An EPT index of 10 was calculated for this station, and the NCBI value of 6.49 resulted in a water quality rating of “fair” (Table 4). The Chironomidae were represented by a 3 taxa and contributed 4% of the specimens collected.  The dominant functional feeding group was the scrapers, which contributed 40% of the collection.  The dominant taxon was Maccaffertium modestum, contributing 10% of the specimens collected (Table 5).


Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 0.05) in taxa richness, total abundance, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam(Table 9). EPT indices and EPT abundance increased significantly as a function of distance from the hydroelectric dam (Table 9, Figure 3). NCBI values decreased significantly as a function of distance from the hydroelectric dam (Table 9, Figure 3).

3. Comparison of Rapid Bioassessment Samples from July and September

Results of two-factor ANOVAs without replication to detect differences in taxa richness, total abundance, EPT index values, EPT abundance, NCBI values, and percent dominant taxon between samples collected on 25 and 30 July 2007 and 19 September 2007 are presented in Tables 11-16. Plots of the data are given in Figure 4. None of the metrics showed significant differences between the two months. 

4.  Hester Dendy Samples


A total of 1784 specimens representing 57 taxa were collected from the six Hester Dendy stations. Three replicates were collected at each station, except Stations MR and OB, which only had two replicates retrieved at each. The number of specimens collected, their NCBI tolerance values, and functional feeding groups are presented in Table 17 for each sample. Bioassessment metrics for each sample are presented in Table 18.


The bioassesment metrics indicated several differences between the stations. All replicates at Stations TR SPW, MR, and LR had “poor” NCBI water quality conditions. Station OB had a replicate with a “fair” NCBI rating and a replicate with a “good-fair” rating. All replicates at Station ZO had ratings of “fair”. Stations TR, SPW, MR, LR, and ZO were dominated by scrapers. TR had a single replicate dominated by collector-gatherers, SPW a single replicate dominated by omnivores, and ZO a single replicate dominated by collector-gatherers. Station OB was dominated by collector-filterers.

Regression analysis of the Hester Dendy samples showed significant increases (alpha ≤ 0.05) in taxa richness with increasing distance from the hydroelectric dam (Table 19, Figure 5). NCBI values and percentage of the dominant taxon both decreased significantly as distance from the hydroelectric dam increased (Table 19, Figure 5). Total abundance, EPT indices, and EPT abundance showed no significant difference with increasing distance from the hydroelectric dam.

VI. DISCUSSION


Regression analysis of the Hester Dendy data showed biotic conditions improved significantly as distance from the dam increased. This result was expected, as studies have demonstrated that rapid fluctuations in current velocity and water level (associated with the operation of hydroelectric dams) results in reduced diversity, by decreasing habitat and/or survival of habitat-specific taxa (Death, 1995; Death and Winterbourn, 1995; Ward and Stanford, 1995; Valentin et al., 1995). As distance from the dam increases, the fluctuations in current velocity and water level are smaller and slower, resulting in improved biotic conditions.


For the rapid bioassessment data, regression analysis showed no detectable trends in taxa richness, total abundance, or in percentage of the dominant taxon as a function of distance from the hydroelectric dam in July or in September. The July samples did show a significant increase in the EPT indices as distance from the dam increased. The September samples showed a significant increase in EPT index and EPT abundance values as distance from the dam increased. The September samples also showed a significant decrease in NCBI values as distance from the dam increased. This corroborates the Hester-Dendy data.

Comparing the two methods, the Hester Dendy method detected trends among stations that were not statistically significant for the rapid bioassessment data. This may be due to the high sampling variability of rapid bioassessment samples. There is greater variability in the rapid bioassessment data because this method only samples the river margins, where habitat is less stable due to river level fluctuations. The Hester Dendy samplers provide a more stable habitat, and lower variability in the samples enables the detection of trends in the macroinvertebrate community.
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Table 3.
Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.
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		  Haplotaxida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbricidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		2

		Lumbricidae Genus species

		 

		SC

		5

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 

		 



		  Lumbriculida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbriculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		3

		Lumbriculidae Genus species

		7.03

		SC

		3

		2

		 

		 

		 

		 

		0.01

		0.01

		 

		 

		 

		 



		  Tubificida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Tubificidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		4

		Tubifex tubifex

		10.00

		SC

		15

		18

		11

		16

		3

		6

		0.07

		0.06

		0.06

		0.07

		0.02

		0.03



		Arthropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Arachnoidea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Acariformes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrachnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		5

		Hydrachna sp.

		5.53

		P

		7

		14

		 

		2

		1

		4

		0.03

		0.04

		 

		0.01

		0.01

		0.02





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		 Crustacea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Amphipoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Gammaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		6

		Gammarus sp.

		9.10

		OM

		35

		46

		4

		6

		 

		15

		0.16

		0.14

		0.02

		0.03

		 

		0.08



		Talitridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		7

		Hyalella azteca

		7.75

		OM

		9

		13

		1

		1

		5

		8

		0.04

		0.04

		0.01

		0.00

		0.03

		0.04



		  Cladocera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Daphnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		8

		Daphnia sp.

		 

		CF

		 

		12

		 

		 

		 

		1

		 

		0.04

		 

		 

		 

		0.01



		  Decapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cambaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		9

		Cambaridae Genus species

		 

		OM

		 

		 

		1

		1

		3

		 

		 

		 

		0.01

		0.00

		0.02

		 



		   Palaemonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		10

		Palaemonetes sp.

		7.10

		OM

		 

		3

		 

		 

		 

		1

		 

		0.01

		 

		 

		 

		0.01



		  Isopoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Asellidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		11

		Caecidotea sp.

		9.11

		SC

		38

		18

		34

		39

		4

		7

		0.18

		0.06

		0.19

		0.18

		0.02

		0.04



		 Hexapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Coleoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Dytiscidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		12

		Neoporus sp.

		 

		P

		 

		 

		1

		 

		 

		1

		 

		 

		0.01

		 

		 

		0.01





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Elmidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		13

		Dubiraphia quadrinotata

		5.93

		CG

		 

		 

		1

		 

		 

		 

		 

		 

		0.01

		 

		 

		 



		   Haliplidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		14

		Haliplus fasciatus

		8.71

		SH

		 

		8

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		15

		Peltodytes sexmaculatus

		8.73

		SH

		 

		 

		1

		 

		 

		2

		 

		 

		0.01

		 

		 

		0.01



		  Diptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ceratopogonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		16

		Bezzia/Palpomyia sp.

		6.86

		P

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		   Chironomidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		17

		Ablabesmyia mallochi

		7.19

		P

		1

		 

		 

		 

		 

		2

		0.00

		 

		 

		 

		 

		0.01



		18

		Ablabesmyia peleensis

		9.67

		P

		2

		 

		 

		 

		 

		1

		0.01

		 

		 

		 

		 

		0.01



		19

		Chironomus sp.

		9.63

		CG

		 

		1

		 

		 

		1

		 

		 

		0.00

		 

		 

		0.01

		 



		20

		Clinotanypus sp.

		 

		P

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 



		21

		Cryptochironomus sp.

		6.40

		P

		 

		 

		3

		 

		 

		1

		 

		 

		0.02

		 

		 

		0.01



		22

		Dicrotendipes sp.

		8.10

		CG

		44

		31

		3

		1

		2

		5

		0.21

		0.10

		0.02

		0.00

		0.01

		0.03



		23

		Orthocladius sp.

		5.94

		SH

		1

		 

		3

		 

		 

		3

		0.00

		 

		0.02

		 

		 

		0.02



		24

		Paralauterborniella nigrohalterale

		4.77

		CG

		 

		 

		1

		 

		 

		 

		 

		 

		0.01

		 

		 

		 



		25

		Phaenopsectra obediens gr.

		6.50

		SC

		 

		 

		 

		 

		 

		5

		 

		 

		 

		 

		 

		0.03



		26

		Polypedilum flavum

		5.78

		SH

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		27

		Polypedilum illinoense gr.

		9.00

		SH

		1

		4

		 

		 

		 

		4

		0.00

		0.01

		 

		 

		 

		0.02





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Chironomidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		28

		Procladius sp.

		9.10

		P

		2

		1

		 

		 

		 

		2

		0.01

		0.00

		 

		 

		 

		0.01



		29

		Rheocricotopus robacki

		7.28

		CG

		 

		 

		 

		2

		2

		 

		 

		 

		 

		0.01

		0.01

		 



		30

		Rheotanytarsus exiguus gr.

		5.89

		CF

		1

		 

		 

		 

		2

		1

		0.00

		 

		 

		 

		0.01

		0.01



		31

		Tanytarsus sp.

		6.76

		CF

		 

		2

		 

		 

		 

		2

		 

		0.01

		 

		 

		 

		0.01



		32

		Thienemanniella xena

		5.86

		CG

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.01



		33

		Thienemannimyia gr.

		8.42

		P

		 

		 

		 

		1

		1

		1

		 

		 

		 

		0.00

		0.01

		0.01



		   Simuliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		34

		Simulium confusum

		4.00

		CF

		 

		 

		 

		7

		19

		8

		 

		 

		 

		0.03

		0.10

		0.04



		35

		Simulium tribulatum/venustrum

		4.00

		CF

		 

		 

		20

		32

		7

		1

		 

		 

		0.11

		0.15

		0.04

		0.01



		   Tipulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		36

		Tipula sp.

		7.33

		SH

		 

		 

		 

		 

		2

		 

		 

		 

		 

		 

		0.01

		 



		  Ephemeroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Baetidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		37

		Baetis intercalaris

		4.99

		CG

		 

		 

		4

		13

		25

		12

		 

		 

		0.02

		0.06

		0.13

		0.06



		38

		Heterocloeon sp.

		3.48

		SC

		 

		 

		17

		12

		12

		4

		 

		 

		0.09

		0.06

		0.06

		0.02



		39

		Procloeon sp.

		5.00

		OM

		 

		7

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		40

		Pseudocloeon propinquum

		5.77

		CG

		 

		 

		13

		8

		12

		8

		 

		 

		0.07

		0.04

		0.06

		0.04



		   Caenidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		41

		Caenis sp.

		7.41

		CG

		1

		6

		 

		 

		 

		 

		0.00

		0.02

		 

		 

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Heptageniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		42

		Maccaffertium modestum

		5.50

		SC

		 

		 

		 

		5

		12

		 

		 

		 

		 

		0.02

		0.06

		 



		43

		Stenacron interpunctatum

		6.87

		SC

		 

		25

		2

		2

		1

		2

		 

		0.08

		0.01

		0.01

		0.01

		0.01



		  Heteroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corixidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		44

		Trichocorixa sp.

		9.00

		P

		 

		8

		 

		 

		 

		2

		 

		0.02

		 

		 

		 

		0.01



		   Veliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		45

		Microvelia sp.

		 

		P

		 

		1

		 

		 

		 

		1

		 

		0.00

		 

		 

		 

		0.01



		  Odonata

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Aeshnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		46

		Boyeria vinosa

		5.89

		P

		 

		2

		2

		 

		 

		1

		 

		0.01

		0.01

		 

		 

		0.01



		   Coenagrionidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		47

		Enallagma sp.

		8.91

		P

		2

		40

		 

		 

		 

		4

		0.01

		0.12

		 

		 

		 

		0.02



		48

		Ischnura posita

		9.52

		P

		 

		2

		1

		1

		 

		 

		 

		0.01

		0.01

		0.00

		 

		 



		49

		Ischnura sp.

		9.52

		P

		 

		4

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		   Gomphidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		50

		Aphylla williamsoni

		 

		P

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 



		   Libellulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		51

		Neurocordulia sp.

		5.03

		P

		 

		6

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		  Trichoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Brachycentridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		52

		Micrasema wataga

		2.63

		SH

		 

		 

		6

		3

		 

		 

		 

		 

		0.03

		0.01

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Hydropsychidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		53

		Cheumatopsyche sp.

		6.22

		CF

		 

		 

		9

		15

		4

		21

		 

		 

		0.05

		0.07

		0.02

		0.11



		54

		Hydropsyche betteni

		7.78

		CF

		 

		 

		2

		2

		22

		1

		 

		 

		0.01

		0.01

		0.11

		0.01



		55

		Hydropsyche venularis

		4.96

		CF

		 

		 

		4

		1

		11

		1

		 

		 

		0.02

		0.00

		0.06

		0.01



		   Hydroptilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		56

		Hydroptila sp.

		6.22

		SC

		9

		 

		3

		10

		 

		 

		0.04

		 

		0.02

		0.05

		 

		 



		   Lepidostomatidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		57

		Lepidostoma sp.

		0.90

		SH

		 

		 

		 

		 

		4

		 

		 

		 

		 

		 

		0.02

		 



		   Leptoceridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		58

		Mystacides sepulchralis

		2.69

		CG

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.01



		59

		Oecetis sp.

		4.70

		P

		1

		 

		1

		 

		1

		 

		0.00

		 

		0.01

		 

		0.01

		 



		60

		Triaenodes ignitus

		4.58

		SH

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.01



		61

		Triaenodes injustus

		2.47

		SH

		 

		14

		 

		 

		 

		 

		 

		0.04

		 

		 

		 

		 



		   Polycentropodidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		62

		Phylocentropus carolinus

		6.20

		CF

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		63

		Phylocentropus placidus

		6.20

		CF

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		Mollusca

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Bivalvia

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Unionoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corbiculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		64

		Corbicula fluminea

		6.12

		CF

		 

		 

		1

		2

		 

		 

		 

		 

		0.01

		0.01

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 3.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Sphaeriidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		65

		Sphaeriidae Genus species

		 

		CF

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		 Gastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Limnophila

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Physidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		66

		Physa sp.

		8.84

		SC

		15

		8

		16

		22

		17

		9

		0.07

		0.02

		0.09

		0.10

		0.09

		0.05



		   Planorbidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		67

		Helisoma anceps

		6.23

		SC

		15

		14

		13

		9

		6

		4

		0.07

		0.04

		0.07

		0.04

		0.03

		0.02



		  Mesogastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Viviparidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		68

		Campeloma decisum

		 

		SC

		 

		 

		 

		 

		 

		26

		 

		 

		 

		 

		 

		0.14



		Platyhelminthes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Turbellaria

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Tricladida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Planariidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		69

		Dugesia tigrina

		7.23

		OM

		6

		3

		2

		 

		13

		5

		0.03

		0.01

		0.01

		 

		0.07

		0.03





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 4.
Bioassessment metrics for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		 

		Station



		Metric

		TR

		SPW

		MR

		LR

		OB

		ZO



		

		

		

		

		

		

		



		Taxa Richness

		22

		34

		29

		26

		26

		40



		Number of Specimens

		214

		323

		180

		214

		192

		185



		EPT Index

		4

		4

		10

		11

		10

		9



		EPT Abundance

		12

		52

		61

		72

		104

		51



		Chironomidae Taxa

		7

		7

		4

		3

		5

		12



		Chironomidae Abundance

		52

		42

		10

		4

		8

		28



		EPT/Chironomidae Abundance

		0.23

		1.24

		6.10

		18.00

		13.00

		1.82



		North Carolina Biotic Index

		8.11

		7.48

		6.60

		6.48

		6.02

		6.92



		SCDHEC Bioclassification

		1.0

		1.5

		2.5

		2.5

		2.8

		1.5



		

		 

		 

		 

		 

		 

		 



		Percent Collector-Filterers

		0.93

		4.95

		20.00

		28.04

		33.85

		19.46



		Percent Collector-Gatherers

		21.03

		11.76

		12.22

		11.21

		21.88

		14.59



		Percent Omnivores

		23.36

		22.29

		4.44

		3.74

		10.94

		15.68



		Percent Predators

		7.01

		26.01

		4.44

		1.87

		1.56

		10.81



		Percent Scrapers

		46.73

		26.32

		53.33

		53.74

		28.65

		34.05



		Percent Shredders

		0.93

		8.67

		5.56

		1.40

		3.13

		5.41



		

		 

		 

		 

		 

		 

		 



		Scraper/Scraper & Collector-Filterers

		50.00

		5.31

		2.67

		1.92

		0.85

		1.75



		Shredders/Total

		0.01

		0.09

		0.06

		0.01

		0.03

		0.05



		

		 

		 

		 

		 

		 

		 



		Percent Dominant Taxon

		20.56

		14.24

		18.89

		18.22

		13.02

		14.05



		Number Of Dominant Taxa

		6

		6

		8

		7

		9

		4





Table 5.
Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		Sta. TR

		

		

		

		Sta. SPW

		

		

		

		Sta. MR

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Dicrotendipes sp.

		44

		20.56

		

		Gammarus sp.

		46

		14.24

		

		Caecidotea sp.

		34

		18.89



		Caecidotea sp.

		38

		17.76

		

		Enallagma sp.

		40

		12.38

		

		Simulium tribulatum/venustrum

		20

		11.11



		Gammarus sp.

		35

		16.36

		

		Dicrotendipes sp.

		31

		9.60

		

		Heterocloeon sp.

		17

		9.44



		Helisoma anceps

		15

		7.01

		

		Stenacron interpunctatum

		25

		7.74

		

		Physa sp.

		16

		8.89



		Physa sp.

		15

		7.01

		

		Caecidotea sp.

		18

		5.57

		

		Helisoma anceps

		13

		7.22



		Tubifex tubifex

		15

		7.01

		

		Tubifex tubifex

		18

		5.57

		

		Pseudocloeon propinquum

		13

		7.22



		

		

		

		

		

		

		

		

		Tubifex tubifex

		11

		6.11



		

		

		

		

		

		

		

		

		Cheumatopsyche sp.

		9

		5.00



		

		

		

		

		Pseudocloeon propinquum

		12

		6.25

		

		

		

		



		

		

		

		

		Hydropsyche venularis

		11

		5.73

		

		

		

		





Table 5 
Continued.


		Sta. LR

		

		

		

		Sta. OB

		

		

		

		Sta. ZO

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Caecidotea sp.

		39

		18.22

		

		Baetis intercalaris

		25

		13.02

		

		Campeloma decisum

		26

		14.05



		Simulium tribulatum/venustrum

		32

		14.95

		

		Hydropsyche betteni

		22

		11.46

		

		Cheumatopsyche sp.

		21

		11.35



		Physa sp.

		22

		10.28

		

		Simulium confusum

		19

		9.90

		

		Gammarus sp.

		15

		8.11



		Tubifex tubifex

		16

		7.48

		

		Physa sp.

		17

		8.85

		

		Baetis intercalaris

		12

		6.49



		Cheumatopsyche sp.

		15

		7.01

		

		Dugesia tigrina

		13

		6.77

		

		

		

		



		Baetis intercalaris

		13

		6.07

		

		Heterocloeon sp.

		12

		6.25

		

		

		

		



		Heterocloeon sp.

		12

		5.61

		

		Maccaffertium modestum

		12

		6.25

		

		

		

		



		

		

		

		

		Pseudocloeon propinquum

		12

		6.25

		

		

		

		



		

		

		

		

		Hydropsyche venularis

		11

		5.73

		

		

		

		





Table 6.
Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007.


		RBP July 2007:  taxa richness regressed on station 

		

		RBP July 2007:  EPT abundance regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.00420

		0.46463

		0.53289

		

		Regression

		1

		0.21837

		3.30676

		0.14313



		Residual

		4

		0.03618

		

		

		

		Residual

		4

		0.26415

		

		



		Total

		5

		0.04039

		 

		 

		

		Total

		5

		0.48252

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP July 2007:  total abundance regressed on station 

		

		RBP July 2007:  NCBI value regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.01571

		2.26430

		0.20683

		

		Regression

		1

		0.00515

		6.62400

		0.06174



		Residual

		4

		0.02775

		

		

		

		Residual

		4

		0.00311

		

		



		Total

		5

		0.04346

		 

		 

		

		Total

		5

		0.00825

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP July 2007:  EPT index regressed on station 

		

		RBP July 2007:  percentage of the dominant taxon regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.11577

		10.79712

		0.03033

		

		Regression

		1

		0.00702

		1.22523

		0.33042



		Residual

		4

		0.04289

		

		

		

		Residual

		4

		0.02291

		

		



		Total

		5

		0.15865

		

		

		

		Total

		5

		0.02992

		 

		 





Figure 2.  Plot comparing NCBI data from rapid bioassessment samples collected from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, collected 11 October 2006.
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Table 7.
Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		Annelida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Hirudinea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Rhynchobdellida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Glossiphoniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		1

		Helobdella triserialis

		9.20

		P

		 

		2

		 

		 

		 

		1

		 

		0.01

		 

		 

		 

		0.01



		 Oligochaeta

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Haplotaxida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbricidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		2

		Lumbricidae Genus species

		 

		SC

		2

		 

		 

		 

		1

		 

		0.01

		 

		 

		 

		0.00

		 



		  Lumbriculida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbriculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		3

		Lumbriculidae Genus species

		7.03

		SC

		4

		 

		2

		1

		1

		1

		0.02

		 

		0.01

		0.00

		0.00

		0.01



		  Tubificida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Tubificidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		4

		Tubifex tubifex

		10.00

		SC

		4

		5

		6

		2

		4

		1

		0.02

		0.02

		0.03

		0.01

		0.01

		0.01



		Arthropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Arachnoidea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Acariformes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrachnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		5

		Hydrachna sp.

		5.53

		P

		3

		2

		1

		2

		 

		 

		0.01

		0.01

		0.00

		0.01

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		 Crustacea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Amphipoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Gammaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		6

		Gammarus sp.

		9.10

		OM

		38

		34

		28

		8

		12

		16

		0.18

		0.14

		0.14

		0.04

		0.04

		0.10



		   Talitridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		7

		Hyalella azteca

		7.75

		OM

		7

		23

		 

		10

		2

		3

		0.03

		0.10

		 

		0.05

		0.01

		0.02



		  Cladocera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Daphnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		8

		Daphnia sp.

		 

		CF

		 

		 

		 

		 

		 

		2

		 

		 

		 

		 

		 

		0.01



		  Cyclopoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cyclopidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		9

		Eucyclops agilis

		 

		OM

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		  Decapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cambaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		10

		Cambaridae Genus species

		 

		OM

		 

		 

		1

		1

		3

		 

		 

		 

		0.00

		0.00

		0.01

		 



		   Palaemonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		11

		Palaemonetes sp.

		7.10

		OM

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		  Isopoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Asellidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		12

		Caecidotea sp.

		9.11

		SC

		19

		32

		22

		63

		9

		5

		0.09

		0.14

		0.11

		0.29

		0.03

		0.03



		  Ostracoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		13

		Ostracoda Genus species

		 

		CF

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		  Hexapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Coleoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Dytiscidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		14

		Neoporus sp.

		 

		P

		 

		 

		6

		 

		 

		 

		 

		 

		0.03

		 

		 

		 



		   Elmidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		15

		Ancyronyx variegatus

		6.49

		CG

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		   Haliplidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		16

		Haliplus fasciatus

		8.71

		SH

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		17

		Peltodytes sexmaculatus

		8.73

		SH

		1

		 

		 

		1

		2

		2

		0.00

		 

		 

		0.00

		0.01

		0.01



		   Hydrophilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		18

		Tropisternus collaris

		9.68

		CG

		 

		 

		 

		 

		3

		 

		 

		 

		 

		 

		0.01

		 



		  Diptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ceratopogonidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		19

		Bezzia/Palpomyia sp.

		6.86

		P

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		   Chironomidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		20

		Ablabesmyia mallochi

		7.19

		P

		 

		 

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 



		21

		Ablabesmyia peleensis

		9.67

		P

		1

		1

		 

		 

		 

		 

		0.00

		0.00

		 

		 

		 

		 



		22

		Cricotopus sp.

		5.29

		SH

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		23

		Dicrotendipes sp.

		8.10

		CG

		9

		14

		5

		7

		4

		3

		0.04

		0.06

		0.02

		0.03

		0.01

		0.02



		24

		Orthocladius sp.

		5.94

		SH

		 

		3

		5

		 

		5

		2

		 

		0.01

		0.02

		 

		0.02

		0.01



		25

		Phaenopsectra obediens gr.

		6.50

		SC

		 

		8

		 

		 

		 

		 

		 

		0.03

		 

		 

		 

		 



		26

		Polypedilum illinoense gr.

		9.00

		SH

		1

		1

		 

		1

		1

		 

		0.00

		0.00

		 

		0.00

		0.00

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Chironomidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		27

		Procladius sp.

		9.10

		P

		 

		1

		 

		 

		 

		1

		 

		0.00

		 

		 

		 

		0.01



		28

		Rheocricotopus robacki

		7.28

		CG

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 



		29

		Tanytarsus sp.

		6.76

		CF

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		30

		Xylotopus par

		5.99

		CG

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		   Simuliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		31

		Simulium confusum

		4.00

		CF

		 

		 

		31

		1

		8

		4

		 

		 

		0.15

		0.00

		0.03

		0.02



		32

		Simulium tribulatum/venustrum

		4.00

		CF

		1

		 

		7

		 

		3

		1

		0.00

		 

		0.03

		 

		0.01

		0.01



		   Tipulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		33

		Tipula sp.

		7.33

		SH

		 

		 

		2

		 

		 

		 

		 

		 

		0.01

		 

		 

		 



		  Ephemeroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Baetidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		34

		Baetis intercalaris

		4.99

		CG

		 

		 

		4

		 

		46

		12

		 

		 

		0.02

		 

		0.17

		0.07



		35

		Heterocloeon sp.

		3.48

		SC

		 

		7

		24

		36

		7

		2

		 

		0.03

		0.12

		0.17

		0.03

		0.01



		36

		Procloeon sp.

		5.00

		OM

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		37

		Pseudocloeon propinquum

		5.77

		CG

		1

		 

		9

		7

		7

		 

		0.00

		 

		0.04

		0.03

		0.03

		 



		   Caenidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		38

		Caenis sp.

		7.41

		CG

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		   Heptageniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		39

		Maccaffertium modestum

		5.50

		SC

		 

		 

		5

		5

		6

		17

		 

		 

		0.02

		0.02

		0.02

		0.10



		40

		Stenacron interpunctatum

		6.87

		SC

		 

		2

		2

		9

		2

		1

		 

		0.01

		0.01

		0.04

		0.01

		0.01



		41

		Stenonema femoratum

		7.18

		SC

		 

		4

		 

		1

		3

		 

		 

		0.02

		 

		0.00

		0.01

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		  Heteroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corixidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		42

		Trichocorixa sp.

		9.00

		P

		 

		7

		 

		 

		 

		4

		 

		0.03

		 

		 

		 

		0.02



		   Gerridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		43

		Aquarius conformis

		 

		P

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		   Veliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		44

		Microvelia sp.

		 

		P

		4

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 

		 



		  Odonata

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Aeshnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		45

		Anax longipes

		 

		P

		 

		3

		 

		 

		 

		 

		 

		0.01

		 

		 

		 

		 



		46

		Boyeria vinosa

		5.89

		P

		 

		4

		1

		 

		 

		1

		 

		0.02

		0.00

		 

		 

		0.01



		   Calopterygidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		47

		Calopteryx sp.

		7.78

		P

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 



		   Coenagrionidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		48

		Argia bipunctulata

		8.17

		P

		 

		4

		 

		 

		 

		 

		 

		0.02

		 

		 

		 

		 



		49

		Enallagma sp.

		8.91

		P

		67

		44

		 

		2

		 

		 

		0.32

		0.19

		 

		0.01

		 

		 



		50

		Ischnura posita

		9.52

		P

		1

		2

		 

		 

		 

		 

		0.00

		0.01

		 

		 

		 

		 



		   Libellulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		51

		Neurocordulia sp.

		5.03

		P

		1

		2

		 

		 

		 

		4

		0.00

		0.01

		 

		 

		 

		0.02





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		  Trichoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydropsychidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		52

		Cheumatopsyche sp.

		6.22

		CF

		 

		 

		 

		6

		9

		2

		 

		 

		 

		0.03

		0.03

		0.01



		53

		Hydropsyche betteni

		7.78

		CF

		 

		5

		2

		2

		22

		5

		 

		0.02

		0.01

		0.01

		0.08

		0.03



		54

		Hydropsyche mississippiensis

		 

		CF

		 

		 

		 

		 

		55

		12

		 

		 

		 

		 

		0.20

		0.07



		55

		Hydropsyche venularis

		4.96

		CF

		 

		1

		 

		2

		10

		16

		 

		0.00

		 

		0.01

		0.04

		0.10



		   Hydroptilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		56

		Hydroptila sp.

		6.22

		SC

		1

		 

		3

		4

		2

		3

		0.00

		 

		0.01

		0.02

		0.01

		0.02



		   Lepidostomatidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		57

		Lepidostoma sp.

		0.90

		SH

		 

		 

		 

		 

		3

		2

		 

		 

		 

		 

		0.01

		0.01



		   Leptoceridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		58

		Mystacides sepulchralis

		2.69

		CG

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		   Polycentropodidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		59

		Neureclipsis crepuscularis

		4.19

		CF

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		   Psychomyiidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		60

		Lype diversa

		4.05

		SC

		 

		 

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 



		Mollusca

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Bivalvia

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Unionoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corbiculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		61

		Corbicula fluminea

		6.12

		CF

		 

		 

		 

		2

		1

		 

		 

		 

		 

		0.01

		0.00

		 





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 7.
Continued.


		 

		 

		 

		 

		No. of Individuals

		Relative Abundance



		Seq

		Taxon

		TV

		FG

		TR

		SPW

		MR

		LR

		OB

		ZO

		TR

		SPW

		MR

		LR

		OB

		ZO



		   Sphaeriidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		62

		Sphaeriidae Genus species

		 

		CF

		 

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 



		 Gastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Limnophila

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ancylidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		63

		Ferrissia sp.

		6.55

		SC

		1

		 

		 

		 

		 

		 

		0.00

		 

		 

		 

		 

		 



		   Physidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		64

		Physa sp.

		8.84

		SC

		29

		8

		6

		21

		22

		2

		0.14

		0.03

		0.03

		0.10

		0.08

		0.01



		   Planorbidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		65

		Gyraulus parvus

		4.23

		SC

		 

		 

		 

		4

		 

		1

		 

		 

		 

		0.02

		 

		0.01



		66

		Helisoma anceps

		6.23

		SC

		7

		8

		22

		5

		12

		10

		0.03

		0.03

		0.11

		0.02

		0.04

		0.06



		  Mesogastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrobiidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		67

		Somatogyrus virginicus

		6.37

		SC

		 

		 

		 

		 

		3

		8

		 

		 

		 

		 

		0.01

		0.05



		   Viviparidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		68

		Campeloma decisum

		 

		SC

		 

		 

		 

		 

		 

		16

		 

		 

		 

		 

		 

		0.10



		Platyhelminthes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Turbellaria

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Tricladida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Planariidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		69

		Dugesia tigrina

		7.23

		OM

		2

		2

		3

		4

		2

		8

		0.01

		0.01

		0.01

		0.02

		0.01

		0.05





* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 8.
Bioassessment metrics for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		 

		Station



		Metric

		TR

		SPW

		MR

		LR

		OB

		ZO



		

		

		

		

		

		

		



		Taxa Richness

		26

		31

		27

		32

		32

		32



		Number of Specimens

		208

		237

		201

		215

		271

		168



		EPT Index

		3

		6

		7

		12

		12

		10



		EPT Abundance

		3

		22

		49

		75

		172

		72



		Chironomidae Taxa

		3

		7

		3

		4

		4

		3



		Chironomidae Abundance

		11

		30

		11

		12

		11

		6



		EPT/Chironomidae Abundance

		0.27

		0.73

		4.45

		6.25

		15.64

		12.00



		North Carolina Biotic Index

		8.29

		7.87

		6.51

		6.87

		6.70

		6.49



		SCDHEC Bioclassification

		1.0

		1.2

		2.3

		2.0

		2.3

		1.5



		

		 

		 

		 

		 

		 

		 



		Percent Collector-Filterers

		0.96

		3.80

		19.90

		6.51

		39.85

		25.00



		Percent Collector-Gatherers

		5.29

		5.91

		9.45

		7.44

		22.51

		8.93



		Percent Omnivores

		23.08

		26.16

		16.42

		10.70

		7.01

		16.07



		Percent Predators

		37.02

		31.22

		4.98

		3.26

		0.00

		6.55



		Percent Scrapers

		32.21

		31.22

		45.77

		70.70

		26.57

		39.88



		Percent Shredders

		1.44

		1.69

		3.48

		1.40

		4.06

		3.57



		

		 

		 

		 

		 

		 

		 



		Scraper/Scraper & Collector-Filterers

		33.50

		8.22

		2.30

		10.86

		0.67

		1.60



		Shredders/Total

		0.01

		0.02

		0.03

		0.01

		0.04

		0.04



		

		 

		 

		 

		 

		 

		 



		Percent Dominant Taxon

		32.21

		18.57

		15.42

		29.30

		20.30

		10.12



		Number Of Dominant Taxa

		4

		5

		5

		3

		4

		7





Table 9.
Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		Sta. TR

		

		

		

		Sta. SPW

		

		

		

		Sta. MR

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Enallagma sp.

		67

		32.21

		

		Enallagma sp.

		44

		18.57

		

		Simulium confusum

		31

		15.42



		Gammarus sp.

		38

		18.27

		

		Gammarus sp.

		34

		14.35

		

		Gammarus sp.

		28

		13.93



		Physa sp.

		29

		13.94

		

		Caecidotea sp.

		32

		13.50

		

		Heterocloeon sp.

		24

		11.94



		Caecidotea sp.

		19

		9.13

		

		Hyalella azteca

		23

		9.70

		

		Caecidotea sp.

		22

		10.95



		

		

		

		

		Dicrotendipes sp.

		14

		5.91

		

		Helisoma anceps

		22

		10.95



		

		

		

		

		

		

		

		

		

		

		



		Sta. LR

		

		

		

		Sta. OB

		

		

		

		Sta. ZO

		

		



		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.

		

		Taxon

		No.

		Rel. Abd.



		Caecidotea sp.

		63

		29.30

		

		Hydropsyche mississippiensis

		55

		20.30

		

		Maccaffertium modestum

		17

		10.12



		Heterocloeon sp.

		36

		16.74

		

		Baetis intercalaris

		46

		16.97

		

		Campeloma decisum

		16

		9.52



		Physa sp.

		21

		9.77

		

		Hydropsyche betteni

		22

		8.12

		

		Gammarus sp.

		16

		9.52



		

		

		

		

		Physa sp.

		22

		8.12

		

		Hydropsyche venularis

		16

		9.52



		

		

		

		

		

		

		

		

		Baetis intercalaris

		12

		7.14



		

		

		

		

		

		

		

		

		Hydropsyche mississippiensis

		12

		7.14



		

		

		

		

		

		

		

		

		Helisoma anceps

		10

		5.95





Table 10.
Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007.


		RBP September 2007:  taxa richness regressed on station 

		

		RBP September 2007:  EPT abundance regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.00388

		3.82791

		0.12204

		

		Regression

		1

		1.18591

		10.99311

		0.02950



		Residual

		4

		0.00406

		

		

		

		Residual

		4

		0.43151

		

		



		Total

		5

		0.00794

		 

		 

		

		Total

		5

		1.61741

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP September 2007:  total abundance regressed on station 

		

		RBP September 2007:  NCBI value regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.00050

		0.08473

		0.78546

		

		Regression

		1

		0.00567

		9.83703

		0.03497



		Residual

		4

		0.02369

		

		

		

		Residual

		4

		0.00231

		

		



		Total

		5

		0.02420

		 

		 

		

		Total

		5

		0.00797

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		RBP September 2007:  EPT index regressed on station 

		

		RBP September 2007:  percentage of the dominant taxon regressed on station 



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.15729

		16.55596

		0.01524

		

		Regression

		1

		0.02726

		0.86567

		0.40483



		Residual

		4

		0.03800

		

		

		

		Residual

		4

		0.12594

		

		



		Total

		5

		0.19530

		 

		 

		

		Total

		5

		0.15320

		 

		 





Figure 3.
Plot comparing EPT indices from rapid bioassessment samples collected from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, collected 19 September 2007.
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Figure 3.
Continued.
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Table 11.
Results of the two-factor ANOVA without replication to detect differences in taxa richness between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for Taxa Richness



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.03320

		5

		0.00664

		2.19517

		0.20423

		5.05033



		Month

		0.00054

		1

		0.00054

		0.17978

		0.68919

		6.60789



		Error

		0.01513

		5

		0.00303

		

		

		



		Total

		0.04887

		11

		

		

		

		





Table 12.
Results of the two-factor ANOVA without replication to detect differences in total abundance between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for Total Abundance



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.04551

		5

		0.00910

		2.05498

		0.22403

		5.05033



		Month

		0.00001

		1

		0.00001

		0.00220

		0.96441

		6.60789



		Error

		0.02215

		5

		0.00443

		

		

		



		Total

		0.06767

		11

		 

		 

		 

		 





Table 13.
Results of the two-factor ANOVA without replication to detect differences in EPT index values between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for EPT Index values



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.32522

		5

		0.06504

		11.31868

		0.00933

		5.05033



		Month

		0.00030

		1

		0.00030

		0.05155

		0.82938

		6.60789



		Error

		0.02873

		5

		0.00575

		

		

		



		Total

		0.35425

		11

		 

		 

		 

		 





Table 14.
Results of the two-factor ANOVA without replication to detect differences in EPT Abundance between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for EPT Abundance



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		1.89295

		5

		0.37859

		9.14559

		0.01485

		5.05033



		Month

		0.02863

		1

		0.02863

		0.69172

		0.44347

		6.60789



		Error

		0.20698

		5

		0.04140

		

		

		



		Total

		2.12857

		11

		

		

		

		





Table 15.
Results of the two-factor ANOVA without replication to detect differences in NCBI between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for NCBI



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.01495

		5

		0.00299

		11.72379

		0.00863

		5.05033



		Month

		0.00031

		1

		0.00031

		1.20907

		0.32162

		6.60789



		Error

		0.00128

		5

		0.00026

		

		

		



		Total

		0.01654

		11

		

		

		

		





Table 16.
Results of the two-factor ANOVA without replication to detect differences in percent dominant taxon between samples collected on 25 and 30 July 2007 and 19 September 2007.


		ANOVA for Percent Dominant Taxon



		Source of Variation

		SS

		df

		MS

		F

		P-value

		F crit



		Station

		0.12919

		5

		0.02584

		2.39509

		0.17989

		5.05033



		Month

		0.01770

		1

		0.01770

		1.64065

		0.25643

		6.60789



		Error

		0.05394

		5

		0.01079

		

		

		



		Total

		0.20082

		11

		

		

		

		





Figure 4.
Plots comparing data from rapid bioassessment samples collected on 25 and 30 July 2007 and 19 September 2007 from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina.
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Figure 4.
Continued.
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Figure 4.
Continued.
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Table 17.
Macroinvertebrates, their NCBI tolerance values (TV) and functional feeding groups (FG) for the six lower Saluda River Hester Dendy stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007

		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Annelida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Hirudinea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Rhynchobdellida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Glossiphoniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		1

		Helobdella triserialis

		9.20

		P

		 

		 

		 

		 

		 

		 

		 

		1

		3

		 

		1

		 

		 

		 

		 

		 



		   Piscicolidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		2

		Myzobdella sp.

		 

		P

		 

		 

		 

		2

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Oligochaeta

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Lumbriculida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Lumbriculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		3

		Lumbriculidae Genus species

		7.03

		SC

		 

		1

		2

		5

		 

		1

		1

		3

		 

		 

		 

		 

		 

		 

		 

		 



		  Tubificida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Naididae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		4

		Dero sp.

		9.00

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 



		   Tubificidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		5

		Tubifex tubifex

		10.00

		SC

		1

		3

		3

		 

		 

		 

		2

		1

		 

		2

		4

		4

		3

		 

		1

		1





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Arthropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Crustacea

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Amphipoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Gammaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		6

		Gammarus sp.

		9.10

		OM

		19

		10

		13

		26

		6

		12

		46

		21

		4

		13

		7

		2

		 

		3

		2

		1



		   Talitridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		7

		Hyalella azteca

		7.75

		OM

		18

		3

		1

		80

		5

		31

		7

		10

		23

		21

		16

		1

		 

		6

		2

		2



		  Decapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Cambaridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		8

		Cambaridae Genus species

		 

		OM

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Isopoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Asellidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		9

		Caecidotea sp.

		9.11

		SC

		64

		23

		18

		90

		40

		167

		73

		50

		32

		40

		33

		17

		 

		3

		3

		10



		 Ostracoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		10

		Ostracoda Genus species

		 

		CF

		 

		 

		 

		 

		 

		3

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 



		 Hexapoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Coleoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Elmidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		11

		Ancyronyx variegatus

		6.49

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		7

		 

		 

		1

		1

		1



		12

		Dubiraphia quadrinotata

		5.93

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		51

		8

		9





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		   Elmidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		13

		Dubiraphia sp.

		5.93

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		1

		2

		1



		14

		Macronychus glabratus

		4.58

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		3

		2

		2

		 

		 

		2



		15

		Stenelmis sp.

		5.10

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 



		   Hydrochidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		16

		Hydrochus sp.

		6.55

		SH

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 



		  Diptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Chironomidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		17

		Ablabesmyia mallochi

		7.19

		P

		 

		 

		 

		 

		 

		 

		 

		2

		3

		1

		2

		 

		 

		 

		 

		 



		18

		Corynoneura sp.

		6.01

		CG

		 

		 

		1

		 

		 

		 

		4

		 

		 

		 

		 

		 

		1

		 

		 

		 



		19

		Dicrotendipes sp.

		8.10

		CG

		5

		65

		38

		4

		4

		18

		7

		3

		 

		1

		 

		1

		 

		 

		 

		 



		20

		Nanocladius sp.

		7.07

		CG

		 

		 

		 

		 

		 

		1

		1

		 

		 

		 

		 

		 

		 

		 

		 

		 



		21

		Orthocladius sp.

		5.94

		SH

		 

		1

		 

		 

		 

		 

		3

		 

		 

		 

		 

		6

		5

		 

		 

		 



		22

		Parachironomus sp.

		9.42

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 



		23

		Phaenopsectra obediens gr.

		6.50

		SC

		 

		 

		 

		 

		2

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		24

		Phaenopsectra punctipes gr.

		6.50

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 

		 



		25

		Polypedilum fallax gr.

		6.39

		SH

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 

		 

		 



		26

		Polypedilum flavum

		5.78

		SH

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 



		27

		Polypedilum illinoense gr.

		9.00

		SH

		 

		 

		 

		 

		 

		 

		1

		 

		 

		1

		1

		 

		 

		 

		 

		 



		28

		Rheocricotopus robacki

		7.28

		CG

		1

		1

		 

		 

		 

		 

		 

		1

		 

		1

		 

		 

		 

		 

		 

		 





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
Continued.


		 

		 

		 

		 

		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		   Chironomidae cont.

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		29

		Rheotanytarsus exiguus gr.

		5.89

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		4

		2

		 

		 

		 



		30

		Thienemannimyia gr.

		8.42

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		 

		 

		 

		 



		31

		Xestochironomus sp.

		 

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		 

		1

		 

		 

		 



		   Tipulidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		32

		Antocha sp.

		4.25

		CG

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		7

		2

		 

		 

		 



		33

		Tipula sp.

		7.33

		SH

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		 

		 



		  Ephemeroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Baetidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		34

		Baetis sp.

		4.71

		CG

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		2

		 

		 

		 



		   Heptageniidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		35

		Maccaffertium modestum

		5.50

		SC

		 

		 

		 

		 

		 

		 

		 

		3

		 

		 

		 

		2

		4

		 

		 

		1



		36

		Stenacron interpunctatum

		6.87

		SC

		 

		 

		 

		 

		2

		1

		3

		1

		7

		3

		6

		4

		 

		1

		 

		 



		  Heteroptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Veliidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		37

		Microvelia sp.

		 

		P

		 

		 

		 

		 

		 

		 

		1

		 

		2

		 

		 

		1

		 

		 

		 

		 



		  Odonata

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Aeshnidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		38

		Boyeria vinosa

		5.89

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 17.
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		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		   Coenagrionidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		39

		Argia bipunctulata

		8.17

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 



		40

		Enallagma sp.

		8.91

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 



		  Trichoptera

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Brachycentridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		41

		Micrasema sp.

		 

		SH

		 

		 

		 

		 

		 

		 

		1

		2

		 

		 

		 

		 

		2

		 

		 

		 



		   Hydropsychidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		42

		Cheumatopsyche sp.

		6.22

		CF

		 

		 

		1

		 

		 

		 

		3

		1

		 

		 

		2

		18

		23

		 

		2

		 



		43

		Hydropsyche betteni

		7.78

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		17

		9

		 

		 

		 



		44

		Hydropsyche mississippiensis

		 

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		17

		5

		 

		 

		 



		45

		Hydropsyche venularis

		4.96

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		34

		39

		 

		1

		 



		   Hydroptilidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		46

		Hydroptila sp.

		6.22

		SC

		2

		25

		12

		 

		3

		1

		62

		6

		4

		1

		2

		11

		6

		1

		2

		 



		   Leptoceridae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		47

		Oecetis avara

		4.70

		P

		 

		 

		 

		 

		 

		 

		 

		 

		 

		4

		4

		 

		 

		2

		1

		 



		48

		Triaenodes sp.

		4.46

		SH

		 

		 

		 

		 

		 

		 

		 

		1

		 

		 

		 

		 

		1

		 

		 

		 



		   Polycentropodidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		49

		Cernotina sp.

		 

		P

		 

		 

		 

		 

		1

		1

		 

		1

		2

		 

		 

		 

		 

		 

		 

		 



		50

		Phylocentropus placidus

		6.20

		CF

		 

		 

		 

		 

		 

		 

		 

		 

		6

		1

		5

		2

		 

		 

		2

		 





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder
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		No. of Individuals



		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Mollusca

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Bivalvia

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Unionoida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Corbiculidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		51

		Corbicula fluminea

		6.12

		CF

		 

		 

		 

		5

		 

		 

		 

		1

		 

		 

		4

		 

		 

		2

		3

		3



		 Gastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Limnophila

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Ancylidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		52

		Ferrissia sp.

		6.55

		SC

		 

		 

		 

		4

		 

		1

		1

		1

		 

		 

		 

		 

		 

		1

		 

		 



		   Physidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		53

		Physa sp.

		8.84

		SC

		 

		 

		2

		 

		 

		 

		3

		11

		2

		8

		15

		2

		 

		6

		3

		2



		   Planorbidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		54

		Gyraulus parvus

		4.23

		SC

		 

		1

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		7

		1

		 



		55

		Helisoma anceps

		6.23

		SC

		3

		7

		3

		4

		5

		1

		1

		1

		2

		2

		 

		1

		1

		1

		3

		 



		  Mesogastropoda

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Hydrobiidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		56

		Somatogyrus virginicus

		6.37

		SC

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		31

		13

		12
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Table 17.
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		Seq

		Taxon

		TV

		FG

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		Platyhelminthes

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		 Turbellaria

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		  Tricladida

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		   Planariidae

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		57

		Dugesia tigrina

		7.23

		OM

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		1

		 

		 

		4

		5

		 





Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder


Table 18.
Bioassessment metrics for the six lower Saluda River Hester Dendy stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007.


		Metric

		TR1

		TR2

		TR3

		SPW1

		SPW2

		SPW3

		MR1

		MR2

		LR1

		LR2

		LR3

		OB1

		OB2

		ZO1

		ZO2

		ZO3



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		



		Taxa Richness

		8

		11

		11

		9

		10

		12

		18

		22

		15

		17

		19

		22

		18

		18

		21

		13



		Number of Specimens

		113

		140

		94

		220

		69

		238

		220

		123

		93

		104

		116

		156

		109

		123

		58

		46



		EPT Index

		1

		1

		2

		0

		3

		3

		4

		8

		4

		4

		5

		8

		9

		3

		5

		1



		EPT Abundance

		2

		25

		13

		0

		6

		3

		69

		16

		19

		9

		19

		105

		91

		4

		8

		1



		Chironomidae Taxa

		2

		3

		2

		1

		2

		2

		5

		4

		2

		4

		4

		4

		5

		0

		0

		0



		Chironomidae Abundance

		6

		67

		39

		4

		6

		19

		16

		7

		4

		4

		6

		13

		10

		0

		0

		0



		EPT/Chironomidae Abundance

		0.33

		0.37

		0.33

		0.00

		1.00

		0.16

		4.31

		2.29

		4.75

		2.25

		3.17

		8.08

		9.10

		-

		-

		-



		North Carolina Biotic Index

		8.36

		7.96

		8.04

		8.04

		8.02

		8.27

		7.71

		7.97

		7.79

		8.04

		7.76

		6.84

		6.05

		6.83

		6.83

		7.29



		SCDHEC Bioclassification

		1.0

		1.0

		1.0

		1.0

		1.0

		1.0

		1.3

		1.5

		1.2

		1.0

		1.2

		2.0

		2.8

		1.5

		1.5

		1.5



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Percent Collector-Filterers

		0.00

		0.00

		1.06

		2.27

		0.00

		0.00

		1.36

		1.63

		6.45

		0.96

		9.48

		58.97

		71.56

		1.63

		13.79

		6.52



		Percent Collector-Gatherers

		5.31

		47.14

		41.49

		1.82

		5.80

		9.24

		5.45

		4.07

		2.15

		3.85

		8.62

		6.41

		6.42

		43.09

		20.69

		28.26



		Percent Omnivores

		32.74

		9.29

		14.89

		48.18

		17.39

		18.07

		24.09

		25.20

		29.03

		34.62

		20.69

		1.92

		0.00

		10.57

		15.52

		6.52



		Percent Predators

		0.00

		0.00

		0.00

		0.91

		1.45

		0.42

		0.45

		3.25

		10.75

		4.81

		8.62

		1.92

		0.92

		3.25

		1.72

		2.17



		Percent Scrapers

		61.95

		42.86

		42.55

		46.82

		75.36

		72.27

		66.36

		62.60

		51.61

		53.85

		51.72

		26.28

		12.84

		41.46

		48.28

		56.52



		Percent Shredders

		0.00

		0.71

		0.00

		0.00

		0.00

		0.00

		2.27

		3.25

		0.00

		1.92

		0.86

		4.49

		8.26

		0.00

		0.00

		0.00



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Scraper/Scraper & Collector-Filterers

		-

		-

		40.00

		20.60

		-

		-

		48.67

		38.50

		8.00

		56.00

		5.45

		0.45

		0.18

		25.50

		3.50

		8.67



		Shredders/Total

		0.00

		0.01

		0.00

		0.00

		0.00

		0.00

		0.02

		0.03

		0.00

		0.02

		0.01

		0.04

		0.08

		0.00

		0.00

		0.00



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Percent Dominant Taxon

		56.64

		46.43

		40.43

		40.91

		57.97

		70.17

		33.18

		40.65

		34.41

		38.46

		28.45

		21.79

		35.78

		41.46

		22.41

		26.09



		Number Of Dominant Taxa

		3

		5

		4

		3

		5

		4

		3

		4

		4

		4

		6

		6

		4

		3

		7

		4





Table 19.
Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, and percentage of the dominant taxon among sampling stations for the Hester Dendy data collected on the lower Saluda River, downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007.


		Hester Dendy 2007: taxa richness regressed on station

		

		Hester Dendy 2007: EPT abundance regressed on station



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.15502

		19.10946

		0.00064

		

		Regression

		1

		0.37939

		1.12929

		0.30591



		Residual

		14

		0.11357

		

		

		

		Residual

		14

		4.70337

		

		



		Total

		15

		0.26859

		

		

		

		Total

		15

		5.08276

		 

		 



		

		

		

		

		

		

		

		

		

		

		



		Hester Dendy 2007: total abundance regressed on station

		

		Hester Dendy 2007: NCBI value regressed on station



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.09918

		2.84034

		0.11408

		

		Regression

		1

		0.00963

		16.65633

		0.00112



		Residual

		14

		0.48885

		

		

		

		Residual

		14

		0.00809

		

		



		Total

		15

		0.58803

		

		

		

		Total

		15

		0.01772

		

		



		

		

		

		

		

		

		

		

		

		

		



		Hester Dendy 2007: EPT index regressed on station

		

		Hester Dendy 2007: percentage of the dominant taxon regressed on station



		Source of Variation

		df

		SS

		F

		P-value

		

		Source of Variation

		df

		SS

		F

		P-value



		Regression

		1

		0.32324

		5.50206

		0.03425

		

		Regression

		1

		0.16642

		18.93456

		0.00066



		Residual

		14

		0.82249

		

		

		

		Residual

		14

		0.12305

		

		



		Total

		15

		1.14573

		 

		 

		

		Total

		15

		0.28947

		 

		 





Figure 5.
Plot comparing data from Hester Dendy samples collected from the lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, retrieved 05 and 19 September 2007.
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Figure 5.
Continued.
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Saluda Hydro Project Relicense: Draft Rare, Threatened and Endangered Species Assessment

Shane,
 
I just gave the report a quick review and didn’t see anything on mussel surveys in the Saluda River below 
the dam and the fact that no species were collected.  This was obviously a substantial finding and should 
be thoroughly covered in the final report. 
 
Also, I reported in a committee meeting that I collected a Saluda darter in the Saluda River just upstream 
of the Corley Mill Road boat ramp (Metts Landing?) in 1988/1989.  This was not in the report. 
 
The report does not compare species collected to the DNR’s Comprehensive Wildlife Conservation 
Strategy report.  Several species collected are listed as priority species for protection by the DNR.  I have 
attached the priority species list from that report for your information.  It is also available online or through 
Lynn Quattro (copied).
 
Finally, the final RT&E report should include recommended actions to protect, restore or enhance species 
of interest.
 
I will try to get more detailed comments before your deadline.
 
Gerrit
 
 
 
We've moved! Please see our new suite number below.
_______________________________________________________________
Gerrit Jöbsis
Southeast Regional Director
American Rivers
2231 Devine Street, Suite 202 • Columbia, S.C. 29205
803/771-7114
803/771-7580 Fax
gjobsis@americanrivers.org
 
www.AmericanRivers.org
 
American Rivers protects and restores healthy natural rivers for the benefit of communities, fish 
and wildlife.
 

From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com]  
Sent: Thursday, September 20, 2007 4:21 PM 
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; bseibels@yahoo.com; Gerrit Jobsis; J. 
Hamilton Hagood; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle 
Subject: Saluda Hydro Project Relicense: Draft Rare, Threatened and Endangered Species Assessment
 

All: 

http://owa.kleinschmidtusa.com/public/Jobs/455...20Species%20Assessment-131311434.EML?Cmd=open (1 of 2) [5/27/2008 11:27:59 AM]

mailto:gjobsis@americanrivers.org
http://owa.kleinschmidtusa.com/exchweb/bin/redir.asp?URL=http://www.AmericanRivers.org


Saluda Hydro Project Relicense: Draft Rare, Threatened and Endangered Species Assessment

Attached for your review is the draft Rare, Threatened and Endangered Species 
Assessment for the Saluda Hydro Project Relicensing.  Please note that Figure 1 and 
Appendix A are included as separate files.  If possible, please have your comments on 
the assessment to me by Thursday October 4th 20007.  Thanks for your continued 
participation in the Saluda relicensing process.

Shane 

C. Shane Boring  
Environmental Scientist  
Kleinschmidt Associates  
204 Caughman Farm Lane; Suite 301  
Lexington, SC 29072  
Phone: (803)951-2077  
Fax: (803)951-2124 

<<Saluda RTE Assessment - Fig 1.pdf>> <<Saluda RTE Assessment Draft 2007-09-20.doc>> <<Saluda 
RTE Assessment - Appendix A.pdf>> 

 

http://owa.kleinschmidtusa.com/public/Jobs/455...20Species%20Assessment-131311434.EML?Cmd=open (2 of 2) [5/27/2008 11:27:59 AM]

http://owa.kleinschmidtusa.com/exchweb/bin/redir.asp?URL=http://www.kleinschmidtusa.com/


Saluda Hydro Project Relicense: Draft Rare, Threatened and Endangered Species Assessment

The lack of mussels below the dam is certainly an interesting finding.  It is likely that this is due to the 
water quality of the water coming out of the dam, probably the low oxygen and maybe even the cold 
temperatures.  Mussels are certainly plentiful in the Broad and Congaree Rivers above and below the 
confluence with the Saluda.  It even seems to be the case (based upon my own personal observations) 
that more mussels are found on the side of the Congaree River where the Broad River sends water 
down when compared with the side of the river dominated by water from the Saluda.  
 
 
Jennifer Price
 

From: Gerrit Jobsis [mailto:gjobsis@americanrivers.org]  
Sent: Friday, September 21, 2007 12:13 PM 
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; bseibels@yahoo.com; J. Hamilton Hagood; 
Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle 
Cc: Jennifer Price; Lynn Quattro; Matt Rice 
Subject: RE: Saluda Hydro Project Relicense: Draft Rare, Threatened and Endangered Species 
Assessment 
 
Shane,
 
I just gave the report a quick review and didn’t see anything on mussel surveys in the Saluda River below 
the dam and the fact that no species were collected.  This was obviously a substantial finding and should 
be thoroughly covered in the final report. 
 
Also, I reported in a committee meeting that I collected a Saluda darter in the Saluda River just upstream 
of the Corley Mill Road boat ramp (Metts Landing?) in 1988/1989.  This was not in the report. 
 
The report does not compare species collected to the DNR’s Comprehensive Wildlife Conservation 
Strategy report.  Several species collected are listed as priority species for protection by the DNR.  I have 
attached the priority species list from that report for your information.  It is also available online or through 
Lynn Quattro (copied).
 
Finally, the final RT&E report should include recommended actions to protect, restore or enhance species 
of interest.
 
I will try to get more detailed comments before your deadline.
 
Gerrit
 
 
 
We've moved! Please see our new suite number below.
_______________________________________________________________
Gerrit Jöbsis
Southeast Regional Director
American Rivers
2231 Devine Street, Suite 202 • Columbia, S.C. 29205
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803/771-7114
803/771-7580 Fax
gjobsis@americanrivers.org
 
www.AmericanRivers.org
 
American Rivers protects and restores healthy natural rivers for the benefit of communities, fish 
and wildlife.
 

From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com]  
Sent: Thursday, September 20, 2007 4:21 PM 
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; bseibels@yahoo.com; Gerrit Jobsis; J. 
Hamilton Hagood; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle 
Subject: Saluda Hydro Project Relicense: Draft Rare, Threatened and Endangered Species Assessment
 

All: 

Attached for your review is the draft Rare, Threatened and Endangered Species 
Assessment for the Saluda Hydro Project Relicensing.  Please note that Figure 1 and 
Appendix A are included as separate files.  If possible, please have your comments on 
the assessment to me by Thursday October 4th 20007.  Thanks for your continued 
participation in the Saluda relicensing process.

Shane 

C. Shane Boring  
Environmental Scientist  
Kleinschmidt Associates  
204 Caughman Farm Lane; Suite 301  
Lexington, SC 29072  
Phone: (803)951-2077  
Fax: (803)951-2124 

<<Saluda RTE Assessment - Fig 1.pdf>> <<Saluda RTE Assessment Draft 2007-09-20.doc>> <<Saluda 
RTE Assessment - Appendix A.pdf>> 
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From: ARGENTIERI, WILLIAM R
To: Alan Stuart; Alison Guth; Jennifer Hand; 

Shane Boring; 
Subject: Fw: Saluda RTE Report Comments
Date: Tuesday, December 04, 2007 2:55:04 PM
Attachments: References Cited.doc 
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SALUDA HYDROELECTRIC PROJECT


(FERC NO. 516)


RARE, THREATENED AND ENDANGERED SPECIES


ASSESSMENT


1.0 INTRODUCTION

The Saluda Hydro project is a 202.6 megawatt (MW) licensed hydroelectric facility located on the Saluda River in Lexington, Newberry, Richland, and Saluda counties of South Carolina and is owned and operated by South Carolina Electric & Gas (Figure 1).  The project consists of Lake Murray, the Saluda Dam, the new back-up Saluda Berm, spillway, powerhouse, intakes, and penstocks.  The project is currently licensed by the Federal Energy Regulatory Commission (FERC No. 516) and the present license is due to expire in the year 2010.


To initiate the Project relicensing process, SCE&G prepared and issued the Initial Consultation Document (ICD) on April 29, 2005.  The Licensee submitted the document to a number of state and federal resource agencies for their review and comment.  In response to the ICD, the United States Fish and Wildlife Service (USFWS), South Carolina Department of Natural Resources (SCDNR), National Marine Fisheries Service (NMFS), and several Non-governmental Organizations (NGO’s) requested a number of studies to assess the potential impacts of Project operations on natural resources, including an assessment of potential impacts to rare, threatened and endangered species.

1.1 Consultation History


In comments issued in response to the ICD, the USFWS provided a list of all known rare, threatened and endangered (RT&E) species occurring in the four county region surrounding the Project (See letter dated August 1, 2005; Appendix A).  NMFS provided a listing of species of concern and candidate species on November 7, 2007.  A revised listing of species of concern and candidate species was placed in the Federal Register on October 17, 2006.  Those lists included all known species that are currently listed as federally endangered or threatened, species that are candidates for federal listing, as well as federal species of concern.   The USFWS suggested that the Licensee conduct a literature-based review to determine habitat requirements for these species and compare these with available habitat types in the Project area.  The USFWS and NMFS indicated that field surveys for these species should be performed if suitable habitat is found to exist in the Project area.

As part of relicensing, SCE&G formed a Rare, Threatened and Endangered Species Technical Working Committee (RT&E TWC) to determine any impacts to rare, threatened and endangered species with respect to continued operation of the Project.  The RT&E TWC is comprised of representatives from state and federal resource agencies (i.e., SCDNR, NMFS and USFWS), representatives from several NGO’s, and other stakeholders.  The TWC has met three times thus far during relicensing to discuss the status of RT&E species occurring in the Project vicinity and potential strategies for addressing issues related to RT&E species.  A comprehensive listing of RT&E TWC meetings held to date is provided in Table 2.

1.2 Species Included in Assessment


This assessment includes the 12  (need to revise the assessment to include NMFS species))) species provided by the USFWS for the four counties surrounding the Saluda Hydro Project that are federally listed as threatened or endangered or are candidates for federal listing (Letter dated August 1, 2005), and the listing provided by NMFS on November 7, 2007.  In addition, the assessment includes ((need to revise to include NMFS species))three federal species of concern for which state and federal agencies indicated have potential to occur in the Project area or are otherwise of conservation concern during the consultation process.  Bald eagle, which was recently de-listed under the Endangered Species Act of 1973, is included in this assessment due to its protection under the Bald and Golden Eagle Protection Act of 1938.  Species covered by this assessment are summarized in Table 1  ((needs revision to include NMFS species)).

Table 1:
Federally Listed Species, Candidate Species, and Selected Federal Species of Concern Occurring or Potentially Occurring in the Four County Region Surrounding the Saluda Hydroelectric Project (FERC No. 516)


(Source:  USFWS letter dated August 1, 2005, Charleston Field Office, Charleston, South Carolina, as modified by Kleinschmidt based on consultation with USFWS)

		COMMON NAME

		SCIENTIFIC NAME

		FEDERAL STATUS1

		COUNTIES



		Birds



		Bald eagle

		Haliaeetus leucocephalus

		P2

		Lexington, Newberry, Richland, Saluda



		Red-cockaded woodpecker

		Picoides borealis

		E

		Lexington, Richland, Saluda



		Wood stork

		Mycteria americana

		E

		Newberry



		Fish

NEED TO ADD NMFS SPECIES:  Atlantic sturgeon (C), blueback herring (SC), alewife (SC)



		Robust Redhorse Sucker

		Moxostoma robustum

		SC

		Lexington (possible)



		Saluda darter

		Etheostoma saludae

		SC

		Lexington, Richland, Saluda, Newberry



		Shortnose sturgeon

		Acipenser brevirostrum

		E

		Lexington (possible), Richland





		Invertebrates



		Carolina heelsplitter

		Lasmigona decorata

		E

		Lexington (possible), Newberry (possible), Richland (possible), Saluda (possible)



		Saluda crayfish

		Distocambarus youngineri

		SC

		Newberry



		Plants



		Canby's dropwort

		Oxypolis canbyi

		E

		Richland



		Georgia aster

		Aster georgianus

		C

		Richland



		Little amphianthus

		Amphianthus pusillus

		T

		Saluda



		Piedmont bishop-weed

		Ptilimnium nodosum

		E

		Saluda



		Rough-leaved loosestrife

		Lysimachia asperulaefolia

		E

		Richland



		Schweinitz's sunflower

		Helianthus schweinitzii

		E

		Lexington



		Rocky Shoal's spider-lily

		Hymenocallis coronaria

		SC

		Lexington, Richland



		Smooth coneflower

		Echinacea laevigata

		E

		Lexington (possible), Richland





1 Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).

2 Bald eagle was removed from the list of federally threatened and endangered species on June 28, 2007; however, the species remains federally protected under the Migratory Bird Treaty Act and the Bald and Golden Eagle Protection Act.

Table 2:
Summary of Saluda Hydro Relicensing Rare, Threatened and Endangered Species Technical Working Committee Meetings

		MEETING DATE

		LOCATION

		TOPICS DISCUSSED



		July 26, 2006

		SCE&G Offices at Carolina Research Park, Columbia, SC

		Rocky Shoals Spider Lily, Species tracking



		May 3, 2006

		SCE&G Offices at Carolina Research Park, Columbia, SC

		Wood Stork, Species tracking



		March 8, 2006

		SCE&G Lake Murray Training Center, Columbia, SC

		Status of key species, strategies for addressing species in relicensing





Figure 1:
Location Map for the Saluda Hydroelectric Project (FERC No. 516)


2.0 SPECIES DESCRIPTIONS AND ANALYSES

2.1 Bald Eagle

Bald eagles may be found throughout North America, typically around water where they feed primarily on fish and scavenge carrion.  The species thrives around bodies of water where adequate food exists and human disturbance is limited.  Eagles nest in large trees near water and typically use the same nest for several years, making repairs to it annually (Degraaf and Rudis, 1986).


Status in the Project Area

Foraging habitat for bald eagle is abundant in the Project area, and bald eagle sightings are common around both Lake Murray and the lower Saluda River.  In addition, there are seven active documented bald eagle nests on Lake Murray as well as one active nest on the lower Saluda River (SCDNR, unpublished data).

Determination of Effect


Bald eagles inhabiting the Lake Murray and lower Saluda River are well habituated to and are tolerant of the presence of human activity; thus continued use of the reservoir and river for recreation are not expected to result in any negative effects to this species.

2.2 Red-Cockaded Woodpecker


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine ecosystems in the southeastern United States (USFWS, 2003).  Over 97% of the pre-colonial era RCW population has been eradicated, leaving only 14,000 RCWs living in 5,600 colonies scattered across eleven states, including South Carolina.  RCW decline is generally attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due to logging, agriculture, fire suppression, and other factors (USFWS, 2003).  Suitable nesting habitat generally consists of open pine forests and savannahs with large, older pines and minimal hardwood midstory or overstory.  Living trees, especially older trees that are susceptible to red-heart disease making them more easily excavated, provide the RCWs preferred nesting cavities.  Suitable foraging habitat consists of open-canopy mature pine forests with low densities of small pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb groundcover (USFWS, 2003).

Status in the Project Area

There are no known reports of red-cockaded woodpeckers from areas surrounding Lake Murray or the lower Saluda River.  Further, there is no known longleaf pine savannah habitat in the Project vicinity.

Determination of Effect


Based on this lack of suitable habitat, it is very unlikely that this species occurs in the Saluda Project vicinity and thus would not be affected by continued operation of the Project.

2.3 Wood Stork

Wood storks are colonial waterbirds that typically nest in large rookeries and feed in flocks (USFWS, 1997).  Typical foraging habitats include narrow tidal creeks, flooded tidal pools, and freshwater marshes and wetlands.  Like most other wading birds, storks feed primarily on small fish.  However, because wood storks feed by tactilocation, depressions where fish become concentrated during periods of falling water levels are particularly attractive sites (USFWS, 1997).  Storks typically use tall cypresses or other trees near water for colonial nest sites.  Nests are usually located in the upper branches of large trees and several nests are typically located in each tree.  Trees utilized for nesting and roosting typically provide easy access from the air and an abundance of lateral limbs (USFWS, 1997). Currently, nesting of the species in the U.S. is thought to be limited to the coastal plain of South Carolina, Georgia, and Florida (USFWS 1997).


Status in the Project Area

Although they are primarily birds of freshwater and brackish wetlands along the coastal plain, wood storks were reported from several locations in the Lake Murray area in recent years.  Specifically, a local resident reported observing wood storks feeding at several locations in the Bush River and Big Creek embayments of upper Lake Murray during the period from approximately 2000 through 2004.  In addition, approximately 60 storks were observed feeding at various locations in the middle Saluda River and the upper portion of Lake Murray during an aerial survey for bald eagles performed by the SCDNR in early August 2004.  In response to these sightings, SCE&G, in coordination with the USFWS and SCDNR, conducted an aerial reconnaissance survey in the upper portions of Lake Murray on August 27, 2004.  During this survey, biologists from SCDNR and Kleinschmidt documented approximately 60 wood storks foraging within the Saluda Project Boundary, as well as two potential nesting sites along the floodplain of the middle Saluda River (Tosity Creek and Silverstreet).


Under the current FERC operating license, SCE&G is required to submit 5 year updates to the Lake Murray Shoreline Management Plan (FERC Order ¶ 61,332, June 1, 1984).  In an order approving and amending SCE&G’s most recent update, which was submitted on February 1, 2000, the FERC requested that SCE&G designate the two identified wood stork “roosting and foraging habitats” near Bush River as “conservation areas” (FERC Order No. 20040623-3015).  Further, the order required that these areas, as well as all other wood stork roosting and foraging habitat identified within the project boundary, remain protected and undeveloped until new evidence is submitted to indicate that protection of these areas is not warranted.  In response to the wood stork sightings on Lake Murray and the subsequent FERC order, SCE&G initiated consultation efforts with the SCDNR and USFWS and developed a study plan aimed at documenting where and under what conditions wood storks were utilizing habitats within the Saluda Hydro Project Boundary and in the project vicinity (Kleinschmidt, 2004).

In accordance with the Lake Murray Wood Stork Study Plan (Kleinschmidt 2004), aerial surveys were performed monthly during February through November of 2005 and 2006.  No wood storks were observed during more than 13 hours of aerial surveys during 2005 (Kleinschmidt, 2005).  A limited number of storks were observed in the Project area during August and September of the 2006 survey season (Kleinschmidt, 2007).  Specifically, a single juvenile wood stork was observed soaring above the Saluda River upstream of Lake Murray during the August survey, and an additional 10 – 12 were observed in the same general area during the September 15, 2006 survey - 6 foraging in a farm pond off of the Saluda mainstem just downstream of the Highway 121 bridge and 4 to 6 (4 confirmed, 2 suspected) soaring and feeding in wetlands adjacent to the wood chipping plant near Silverstreet.

The surveys likewise failed to document nesting of wood storks in the study area.  Study results found the Tosity Creek or Silverstreet sites, which were identified as being potential wood stork nesting areas during reconnaissance surveys and associated agency consultation, to be great blue heron nests, with both nesting adults and pre-flight juveniles observed during both 2005 and 2006 (Kleinschmidt, 2005; 2007).  The lack of nesting in the study area is consistent with the known life-history of wood storks as a coastal nesting species (USFWS, 1997).  In South Carolina, all nesting colony sites currently known are located in the coastal plain, and primarily in the coastal counties (Murphy, 2005).


Timing of wood stork observations during 2006 (August and September), suggested that these were likely post-dispersal migrants from coastal nesting sites.  During the late-summer/early-fall period, when chicks have fledged and adults are no longer tied to the nest site by chick rearing, adult and juvenile wood stork dispersing from nesting colonies often undertake extensive migrations to exploit ephemeral food resources prior to returning to coastal areas for the winter months.  In South Carolina and Georgia, young-of-year storks typically fledge during July and August, but return to the nest for an additional 3 to 4 weeks to be fed before finally dispersing from the colony site in August and September (USFWS, 1996).  Storks dispersing post-breeding from southern US colonies (Florida, Georgia, and South Carolina) have been documented as far north as North Carolina and as far west as Mississippi and Alabama (USFWS, 1996).

SCE&G met with representatives from the USFWS and SCDNR via conference call on February 8, 2007, to discuss the status of wood stork monitoring on Lake Murray.  Both SCDNR and USFWS concurred with the findings of the 2006 Wood Stork Monitoring Report (Kleinschmidt, 2007), agreeing that no nesting of wood stork in the Project area was evident based on study results.  Due to the limited nature of stork activities observed in the Project vicinity, the agencies concurred with recommendations to discontinue further wood stork surveys on Lake Murray and that continued protection of the areas identified in the FERC order as wood stork “conservation areas” was no longer warranted or necessary.

Determination of Effect

Wood stork usage of the Saluda Project area appears sporadic and extremely limited in nature and thus is unlikely to be affected by operation of the Project.

2.4 Shortnose Sturgeon

Much of the Santee Basin, including the portion of the Saluda Basin encompassed by the Saluda Project, is thought to be within the historic range of the shortnose sturgeon (Welch, 2000; Newcomb and Fuller; 2001).  In the Santee Basin, the shortnose sturgeon is believed to be amphidromous, migrating between freshwater and mesohaline reaches, and ascending to inland riverine reaches on annual spawning runs (NMFS, 1998; Cooke et al., 2004).  In northern rivers migratory spawning runs of this species usually occur in early February to mid-March when water temperatures approach 9 – 14° C (Kynard, 1997).  In southern rivers spawning runs may occur as late as mid April (Bolden, NMFS, Personal Communication, 2007).  Shortnose sturgeon spawning has been documented in the Congaree River near Columbia over substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C,  and dissolved oxygen concentrations of 10.6-12.5 mg/L (Collins et al., 2003).   Shortly after spawning, shortnose sturgeon larvae begin movements downstream, and young of the year may remain in freshwater reaches for their first year of life before moving downstream as juveniles to lower river reaches near the saltwater interface (Kynard, 1997).

Status in the Project Area


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper dams (lakes Marion and Moultrie) in the lower reaches of the Santee-Cooper basin (Collins et al., 2003).  An additional dam-locked spawning population of shortnose sturgeon has been documented within and upstream of the Santee-Cooper Lakes, with Lake Marion and its tributaries harboring the most significant population, and an upstream spawning site located in the upper Congaree River.   Radio-telemetry studies conducted by the SCDNR have documented migration of Lake Marion shortnose sturgeon as far upstream as the old Granby Lock and Dam on the Congaree (J. Gibbons, SCDNR, Pers. Comm.).  Presence of shortnose sturgeon in the vicinity of Granby Lock and Dam was also confirmed by collection of a single specimen during sampling related to relicensing of Duke Power’s Catawba-Wateree Project in March 2004 (Duke Power, 2004).  The old Granby Lock and Dam is located adjacent to downtown Columbia, approximately 11 miles downstream of the Saluda powerhouse.  NMFS considers the potential present range of shortnose sturgeon to include all accessible waters below the Saluda, Wateree, and Columbia Dams (Brownell, NMFS, Personal communication 2007).

In response to anadromous fish studies requested by the NMFS and SCDNR during the initial stages of the Saluda Project relicensing, SCE&G developed and implemented a Shortnose Sturgeon Study Plan (Kleinschmidt, 2006).  The primary objective of this study is to obtain additional information on sturgeon movements and habitat utilization in the lower Saluda and upper Congaree rivers downstream of the Project.  Implemented during the 2007 migratory season, the study includes gillnet sampling for adult and juvenile sturgeon, as well as D-net sample for eggs and larvae, at four downstream locations: two in the lower Saluda and two in the upper Congaree (immediately upstream and downstream of the Granby Lock and Dam).  Approximately 400 hours of gillnetting during the 2007 season resulted in no captures of adult or juvenile sturgeon; likewise, no eggs or larval sturgeon were captured during the sampling period (Kleinschmidt, 2007).  Further long term study is needed to identify movement and habitat use patterns, and potential limiting factors affecting distribution and spawning in accessible reaches of the upper Congaree, Broad, and Saluda Rivers.  

Determination of Effect

Initial study results  suggest that shortnose sturgeon are absent from accessible areas immediately downstream of the Saluda Hydro Project or are present in extremely low numbers. These findings are consistent with preliminary results of telemetry studies being conducted by the SCDNR, which found that none of the Lake Marion sturgeon implanted with sonic transmitters were detected in the LSR despite the presence of a receiver array (J. Gibbons, SCDNR, Pers. Comm.).   Available study data is insufficient to determine or rule out potential effects of Saluda Project operations on shortnose sturgeon movements and habitat use in accessible reaches of the Saluda River. (( Factors including atypical temperature gradients and historical DO depression in the Congaree and Saluda Rivers should be considered)))   The Saluda River Instream Flow Study and a Temperature Study are expected to provide additional information on factors potentially influencing shortnose sturgeon habitat suitability and use in the lower Saluda and upper Congaree Rivers. 



2.5 Add a new section on Atlantic sturgeon, a candidate for listing.  Use the status review and available information. (http://www.nmfs.noaa.gov/pr/species.concern).  The status of Atlantic sturgeon upstream from the Santee Cooper Dams is uncertain.  However three adults have been recovered upstream from the dams in recent years.  Like shortnose sturgeon, Atlantic sturgeon were historically present at least as far inland as the fall line, same references as shortnose.  We’ll be happy to work with you to develop additional literature and historical accounts if you do not already have them.   For the section on determination of effects, the uncertainty of Atlantic sturgeon inland distribution in recent years should be considered, along with the absence of upstream passage at the downstream Santee Cooper Dams.

2.6 Alewife and Blueback Herring, species of concern.  Use available information and website link above.  Alewife have not been recorded south of the Pee Dee River since 1950.  Their occurrence within historic range is uncertain south of the Pee Dee.  White and Curtis 1969 recorded alewife in the Pee Dee.  Blueback herring runs in the Santee are among the highest of Atlantic coast river basins.   See info on the website.  For the determination of effect section, the potential effects of atypical temperature gradients and historical DO depression should be considered, along with the recent demonstrated improvements in DO.

2.7 Robust Redhorse Sucker


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being “rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric Project (FERC No. 1951), fisheries scientists knew little about its life history and habitat requirements.  As a result, Georgia Power Company, along with state and federal resource agencies, other hydropower interests and the Georgia Wildlife Federation, formed the Robust Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in lieu of listing under the Endangered Species Act (ESA).  Subsequent research has produced valuable information about robust redhorse and its habitat requirements.  However, much research is still needed as little is known about the habitat preferences of juvenile robust redhorse.

Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river where the current is moderately swift.  Preferred habitat is riffle areas or in/near outside bends where depths are greater and accumulations of logs and other woody debris are present (Evans, 1997).  Spawning typically occurs at water temperatures from 18 – 24° C, usually over gravel substrate in deep and shallow water (Hendricks, 1998).

Status in the Project Area


There are no known collections of robust redhorse from the lower Saluda River.  Juvenile robust redhorse have been stocked by the SCDNR in the adjacent Broad River Basin below the Neal Shoals dam and below the Parr Shoals dam.  In addition to stocking in the Broad River, juvenile robust redhorse have also been stocked by SCDNR in the Wateree River in the Santee Basin (SCDNR, 2005).

Determination of Effect


Due to lack of occurrence of this species in the Project area, continued operation of the Saluda Hydro Project is likely to result in No Effect on this species.

2.8 Saluda Crayfish


The Saluda crayfish is a terrestrial burrowing crayfish of the genus Distocambarus and is endemic to South Carolina (Eversole, 2007).   Although knowledge of its habitat requirements is limited, the Saluda crayfish typically has been found in poorly drained areas where the ground is saturated during the rainy season (November – March) (Eversole, 2007, Hobbs and Carlson, 1985).  Saluda crayfish have been documented from a range of site types including low, moist woodlands; a machine-maintained powerline; and a manicured lawn.  Sites are generally isolated from floodplains and streams, although some have been found in low moist areas near the headwaters of streams (colluvial valleys).  Analyses performed by Eversole (Welch and Eversole, 2002) found a close association between occurrence of Saluda Crayfish and the presence of a perched water-table.  Soils found in association with Saluda crayfish burrows include Chewacla, Worsham, Toccoa-Cartecay, Enon, and Sedgefield (Eversole, 2007).

Status in the Project Area

Currently, the Saluda crayfish is known from only 14 sites, all of which are located in Newberry County (Eversole, 2007).  The known range of the species encompasses portions of the Tyger, Enoree, Lower Broad and Saluda River Basins.  The closest confirmed Saluda crayfish site to the Project area (Georges Loop) is approximately 1.2 miles from the Project boundary in a wooded site at the headwaters of a small tributary to Beaverdam Creek (approximately 0.3 miles south of the State Secondary Road 83 crossing at Beaverdam Creek) (Eversole, 2007).  Recent surveys aimed at expanding the range further into the Saluda Basin were not successful (Eversole, 2007).

Determination of Effect


As previously noted, Saluda crayfish are generally found on moist, isolated sites and are not typically associated with floodplains or streams.  This suggests that the species is unlikely to occur in areas directly adjacent to Lake Murray and thus would not be affected by continued Project operations.

2.9 Carolina Heelsplitter


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as federally endangered (Price, 2005).  Although it was once found in large rivers and streams, the Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or no fine sediment, and periodic natural flooding, appear to be required for the Carolina heelsplitter (USFWS, 2002).

Status in the Project Area

A freshwater mussel survey of Lake Murray, its tributaries, and the lower Saluda and upper Congaree rivers was conducted during summer 2006 in support the Saluda Hydro Project relicensing (Alderman, 2006).  The survey found 15 species of native freshwater mussels within the study area; however, Carolina heelsplitter was not among the species found.   A separate survey conducted in fall 2006 in support of a South Carolina Department of Transportation project found Carolina heelsplitter in Clouds Creek, approximately five miles upstream of Lake Murray (J. Alderman, Pers. Comm.).

Determination of Effect


Since Carolina heelsplitter has not been documented in the Project area, continued operation of the Project is expected to result in No Effect on the species.

2.10 Saluda Darter


Saluda darter was first described as a separate species in 1935 (Hubbs and Cannon, as cited in Rankin and Bettinger, 2005).  However, after considerable debate through the years regarding its taxonomic status, Saluda darter is currently considered conspecific with the Carolina darter (Etheostoma collis) (Jenkins and Burkhead, 1994; Robins et al, 1991; Rohde et al., 1994; Nelson et al., 2004, as cited in Rankin and Bettinger 2005).  The Carolina (Saluda) darter is generally thought to inhabit sluggish to calm areas in clear to slightly turbid small streams with a substrate of mud, sand, gravel and/or bedrock; however, in Wateree Creek, a large South Carolina stream, the Carolina (Saluda) darter has also been  found in moderate gradient among coble and leaf packs (Rankin and Bettinger 2005).


Status in the Project Area


The Carolina (Saluda) darter has been collected from several Saluda River Basin tributaries upstream of Lake Murray, including Richland, Red Bank, Indian, Rocky and Mills creeks (H. Beard, SCDNR, unpublished data). However, due to this species’ intolerance of impounded conditions, it would not be expected to occur within the influence of the Lake Murray pool.  Sampling efforts by SCDNR in Kinley, Rawls, and Twelvemile Creek, tributaries to the lower Saluda River downstream of the Project, have failed to document this species (H. Beard, SCDNR, Pers. Comm.).  Likewise, the species has not been collected from the lower Saluda River mainstem, although SCDNR staff have expressed that the gear used for period fish community sampling (boat electrofishing) may not be suitable for detecting darter species (H. Beard, SCDNR, Pers. Comm.).

Determination of Effect

Best available data suggest that the Saluda (Carolina) darter may not occur in the Saluda Project vicinity; therefore continued operation of the Project is expected to have No Effect on the species.

2.11 Canby’s Dropwort


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet meadows, wet pineland savannas, ditches, sloughs, and around the edges of Cypress-pine ponds (USFWS, 1990a). The healthiest populations seem to occur in open bays or ponds which are wet most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a medium to high organic content and a high water table. They are also acidic, deep, and poorly drained.

Status in the Project Area 

Canby’s dropwort is a coastal plain species and thus would not be expected to occur in the Project area.

Determination of Effect

Because Canby’s dropwort is not expected to occur in the Project area, continued operation of the Project would likely result in No Effect on the species.

2.12 Georgia Aster


Georgia aster is a relict species of post oak savanna/prairie communities that existed in the southeast prior to widespread fire suppression and extirpation of large native grazing animals (USFWS, 2001).  Typical habitat consists of dry oak-pine flatwoods and uplands in the piedmont of North Carolina, South Carolina, Georgia, and Alabama.  Georgia aster occupies a variety of dry, upland habitats. The primary controlling factor appears to be the availability of light. The species is a good competitor with other early successional species, but tends to decline when shaded by woody species. Populations can persist for some undetermined length of time in the shade, but these rarely flower, and reproduce only by rhizomatous expansion. Soils vary from sand to heavy clay, with pH ranging from 4.4 to 6.8 (USFWS, 2001).

Status in the Project Area


There are no populations of Georgia aster known from the Saluda Project area.  However, consultation with SCDNR Heritage Staff revealed that some potential exists for this species to occur in frequently disturbed sites, such as transmission line rights-of-way and frequently mowed road shoulders (B. Pittman, SCDNR, Pers.Comm.).

Determination of Effect

Populations of Georgia aster potentially inhabiting the Saluda Project area could be affected by use of herbicides during roadside and transmission line right-of-way maintenance.  Routine mowing of these areas would not be expected to result in negative effects, as mowing is generally thought to benefit this species by removing woody competitors (USFWS, 2001).

2.13 Little Amphianthus


Little amphianthus is a rooted aquatic plant restricted to eroded depressions on flat-to-doming granitic (either granite or granite-gneiss) outcrops (USFWS, 1993).  These outcrops are similar in appearance, but may differ geologically as igneous, quartzitic, gneissic, or porphyritic granite. These endemics typically occur in shallow flat-bottomed pools found on the crest and flattened slopes of unquarried outcrops. These pools range in size from 0.3 square meters to 10 square meters; the vast majority of these pools range from 0.5 to 1 square meter. These pools retain water for several weeks following heavy rains and completely dry out with summer droughts. They are usually several meters in diameter and are circular or irregularly-shaped due to the coalescence of adjacent pools.  This species is typically found in association with two other granite outcrop species: black-spored quillwort (Isoetes melanospora) and mat-forming quillwort (Isoetes tegetiformans), all of which are restricted to the Piedmont physiographic province of the southeastern U.S. (USFWS, 1993).

Status in the Project Area


There are no populations of this species known from the Saluda Project area. Further, consultation with SCDNR Heritage Program staff confirmed that occurrence of this species in the Piedmont of South Carolina is restricted to eroded pools on flat or domed granitic outcrops, and that suitable habitat for the species likely does not occur in the Project vicinity (B. Pittman, SCDNR, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.14 Piedmont Bishop-Weed


Piedmont bishop-weed (also know as harperella) is a slender, erect annual herb (to 47 in. in height) with hollow quill-shaped leaves and clusters of small white flowers that bloom in July and August (USFWS, 1990b).  It typically occurs in two habitat types: (1) rocky or gravel shoals and margins of clear, swift-flowing stream sections; and (2) edges of intermittent pineland ponds in the coastal plain.  In both habitats, occurrence is limited to a narrow range of water depths, as the species is intolerant of both dry conditions and deeper water.  In addition, harperella appears to be particularly dependant on moderately intensive spring floods for germination, seed dispersal, and control of competing species.  It is readily eliminated from its habitat by alterations of the water regime, which result from impoundments, water withdrawal, and drainage, or deepening of ponds. Other factors such as siltation, pollution, and shoreline development have also been cited as threats to harperella populations (USFWS, 1990b).

Status in the Project Area


Potential habitat for Piedmont bishop-weed is restricted to gravel shoal areas of the lower Saluda River; however, numerous aquatic vegetation surveys conducted on the lower Saluda in recent decades have failed to document the species.  Although aimed at documenting the extent of invasive aquatic species in the river, these surveys would have documented Piedmont bishop-weed, if it were present (C. Aulbach, South Carolina Botanical Services, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.15 Rough-Leaved Loosestrife

This species generally occurs in the ecotones or edges between longleaf pine uplands and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly drained soil) on moist to seasonally saturated sands and on shallow organic soils overlaying sand (USFWS, 1995).  Rough-leaf loosestrife has also been found on deep peat in the low shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of unknown origin).  The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-maintained, as are the adjacent plant communities (longleaf pine - scrub oak, savanna, flatwoods, and pocosin).  Suppression of naturally-occurring fire in these ecotones results in shrubs increasing in density and height and expanding to eliminate the open edges required by this plant.


Status in the Project Area


The pine pocosin and Carolina bay environments required by this species do not occur in the Piedmont; therefore, rough-leaved loosestrife is extremely unlikely to occur in the Saluda Project vicinity.

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.16 Schweinitz’s Sunflower

It is believed that this species formerly occupied prairie like habitats or Post Oak - Blackjack Oak savannas that were maintained by fire (USFWS, 1994).  Current habitats include roadsides, power line clearings, old pastures, woodland openings and other sunny or semi-sunny situations.  Schweinitz's sunflower is known from a variety of soil types but is generally found growing on shallow, poor, clayey and/or rocky soils, especially those derived from mafic rocks.  In the few sites where Schweinitz's sunflower occurs in relatively natural vegetation, the natural community is considered a Xeric Hardpan Forest.


Status in the Project Area


There are no populations of Schweinitz’s sunflower known from the Saluda Project area.  Further, consultation with SCDNR Heritage Program staff revealed that suitable habitat for the species likely does not occur in the Project vicinity (B. Pittman, SCDNR, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.17 Rocky Shoals Spider Lily

Rocky shoals spider lily (RSSL), also referred to as Cahaba lily, is a perennial that typically inhabits large streams and rivers at or above the fall line.  These areas usually consist of rocky shoals and bedrock outcrops, substrates which provide anchor points for the RSSL’s roots and bulbs (Patrick et al., 1995).  RSSL grows best in constantly flowing water with relatively low sediment loads and water depths (to bulb) of 4 – 12 inches (Aulbach-Smith, 1998).

Status in the Project Area


Personnel for the USFWS, SCDNR, and other member of the RT&E TWC surveyed the lower Saluda River downstream of the Project for presence of rocky shoals spider lily (RSSL) on May 30th, 2006 (Kleinschmidt, 2006).  Two suspected RSSL plants were observed in the Ocean Boulevard Rapid area of the lower Saluda, but were not in bloom and appeared stunted compared to RSSL plants observed farther downstream in the confluence of the Saluda and Broad rivers.

Determination of Effect


No viable populations of RSSL were documented during the May 2006 survey; therefore continued operation of the Project is expected to have No Effect on the species.

2.18 Smooth Coneflower

Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and Georgia) (USFWS, 1995).  Smooth coneflower occurs in plant communities that have been described as xeric hardpan forests, diabase glades or dolomite woodlands.  Optimal sites are characterized by abundant sunlight and little competition in the herbaceous layer.  Natural fires, as well as large herbivores, historically influenced the vegetation in this species' range.  Many of the herbs associated with smooth coneflower are also sun-loving species that depend on periodic disturbances to reduce the shade and competition of woody plants.

Status in the Project Area

There are no populations of smooth coneflower known from the Saluda Project area.  Further, the diabase glade habitat required by this species is not known to occur in areas around Lake Murray or in the lower Saluda River.  Consultation with SCDNR Heritage Program staff confirmed that suitable habitat for smooth coneflower is unlikely to occur in the areas around Lake Murray or the lower Saluda River (B. Pittman, SCDNR, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.
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UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
  


 Southeast Regional Office 
263 13th Avenue South 
St. Petersburg, Florida  33701-5511 
(727) 824-5317; FAX (727) 824-5300 
http://sero.nmfs.noaa.gov/ 
 
December 4, 2007 F/SER4:PB/pw 


 
 
 
 
 
 
 
 
Mr. Bill Argentieri 
South Carolina Electric & Gas Company 
111 Research Drive 
Columbia, South Carolina 29203 
 
 
Dear  Mr. Argentieri: 
 
NOAA’s National Marine Fisheries Service reviewed the Draft Rare, Threatened and Endangered Species 
Report prepared by Kleinschmidt Associates for the Saluda Hydroelectric Project FERC relicensing 
proceeding; the report was provided to us by email on October 30, 2007.  Our comments and edits are 
confined to Section 2.4, containing descriptive information on the shortnose sturgeon (Acipenser 
brevirostrum), and are included in the attached copy of the draft document.  Additional scientific 
references cited in our comments are also attached. 
 
The studies being conducted by South Carolina Electric and Gas Company as a part of the relicensing 
proceeding will be important to supporting efforts to restore populations of important migratory sea-run 
diadromous fishes including American shad, blueback herring, American eel, and shortnose sturgeon, in 
concert with hydroelectric power production and other water resource management objectives of the 
Project. 
 
Please direct related questions or correspondence to the attention of Mr. Prescott Brownell at our 
Charleston Area Office.  He may be contacted at P.O. Box 12559, Charleston, South Carolina 29422, or 
at (843) 953-7204. 
 
        Sincerely, 


 
       / for 


Miles M. Croom 
Assistant Regional Administrator 


        Habitat Conservation Division 
cc: (via electronic mail) 
 
SCANA, Columbia, SC     SCDNR, Columbia, SC 
SCDHEC, Columbia, SC    USEPA, Atlanta, GA 
USFWS, Charleston, SC      
F/SER4 
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From: Jennifer Summerlin
To: "Patrick Moore"; 
Subject: RE: Saluda Relicensing: Fish Entrainment and Turbine Mortality Report, TWC Final Version
Date: Monday, March 12, 2007 5:12:55 PM

Hey Patrick,
 
Yes, I will be handling the monitoring at the Columbia Fishway this Spring.  I will be 
monitoring two days a week (shift 1: 6:00am-10:00am and 4:00pm-8:00pm, shift 2: 
10:00am-6:00pm) until I see 50 shad per day.  Once I see 50 shad, then I will be monitoring 
7 days a week alternating between the two schedules I just mentioned.  The time of my 
shifts may vary, due to available day light hours.  However, I will monitor a total of 8 hours 
per shift.  Unfortunately I do not have a set schedule, because of other projects I have going 
on right now.  Problems that I will most likely encounter are inclement weather and bad 
water clarity.  Hopefully we won't encounter too much of this during the American shad 
migration (right now).  If you have any other questions, please let me know!
 
Thanks,
 
Jennifer-most people call me Jeni

-----Original Message----- 
From: Patrick Moore [mailto:PatrickM@scccl.org]  
Sent: Monday, March 12, 2007 3:12 PM 
To: Jennifer Summerlin 
Subject: RE: Saluda Relicensing: Fish Entrainment and Turbine Mortality Report, 
TWC Final Version 
 
Hi Jennifer,
I believe I heard that you were going to handle the monitoring at the fishway this Spring. 
 I was wondering when the monitoring period begins, what hours etc.
 
Any word?
 
Thanks
 
Patrick Moore 
Project Manager
Coastal Conservation League
2231 Devine St.  Suite 100
Columbia, S.C. 29205
803.771.7750
 

-----Original Message----- 
From: Jennifer Summerlin [mailto:Jennifer.Summerlin@KleinschmidtUSA.com]  
Sent: Monday, March 12, 2007 2:47 PM 
To: balesw@dnr.sc.gov; Alan Stuart; Alison Guth; Amanda Hill; Bill Argentieri; 
Bill East; Bill Hulslander; Bill Marshall; Bob Perry ; bseibels@yahoo.com; 
Charlene Coleman; Daniel Tufford; Dick Christie; Ed Diebold; George Duke; 

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=JENNIFER.SUMMERLIN
mailto:PatrickM@scccl.org


Gerrit Jobsis (American Rivers); Gina Kirkland; Hal Beard; Jeff Duncan; Jennifer 
O'Rourke; Jennifer Summerlin; Jim Glover; Jim Goller; Joe Logan; Joy Downs; 
turnerle@dhec.sc.gov; laura.mccary@gmail.com; Malcolm Leaphart; Mark Leao; 
Mike Sloan; Norman Ferris; Patrick Moore; Prescott Brownell; Ralph Crafton; 
Randy Mahan; rbull@davisfloyd.com; Robert Lavisky; Ron Ahle; Sam Drake; 
Scott Harder; Shane Boring; Steve Bell; Steve Leach; Steve Summer; Suzanne 
Rhodes; tbowles@scana.com 
Subject: Saluda Relicensing: Fish Entrainment and Turbine Mortality Report, 
TWC Final Version
 

All: 

Attached for your reference is the Final Technical Working Committee Version of 
the Saluda Hydro Fish Entrainment and Turbine Mortality Report.  The report will 
be posted on the Saluda Hydro Relicensing Website.  Thank-you for your 
continued cooperation in the Saluda relicensing process.

<<Saluda Hydro Entrainment-Moratlity Report 2007-03-12 FINAL TWC Version.
pdf>> 

Thanks, 

Jennifer Summerlin  
Scientist Technician  
Kleinschmidt Associates  
101 Trade Zone Drive, Suite 21A  
West Columbia, SC 29170  
P:803.822.3177  
F:803.822.3183 

 



From: Bill Marshall
To: Kelly Maloney; Tony Bebber; BARGENTIERI@scana.com; Charlene Coleman; 

Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer Hand; 
Karen Kustafik; Malcolm Leaphart; Patrick Moore; Alan Stuart; Dick Christie; 

Subject: RE: Downstream Flows Study Update
Date: Monday, September 10, 2007 4:23:31 PM

 
Okay, Kelly. Thanks for the quick reply. I hope all goes well for you and baby. 
 
 
-----Original Message----- 
From: Kelly Maloney [mailto:Kelly.Maloney@KleinschmidtUSA.com] 
Sent: Mon 9/10/2007 4:12 PM 
To: Bill Marshall; Tony Bebber; BARGENTIERI@scana.com; Charlene Coleman; 
Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer Summerlin; Karen 
Kustafik; Malcolm Leaphart; Patrick Moore; Alan Stuart; Dick Christie 
Subject: RE: Downstream Flows Study Update 
 
Bill, 
 
Good afternoon.  The draft report including all components identified 
below has been completed and is undergoing internal review.  I would 
anticipate that the draft for TWC review will be available as per the 
schedule originally provided in the study plan.  It says "Fall 2007", 
which is general, but I anticipate distribution to the TWC for review 
and comment before I depart for maternity leave in October. 
 
Hope all is well, 
Kelly 
 
        -----Original Message----- 
        From: Bill Marshall [mailto:MarshallB@dnr.sc.gov] 
        Sent: Monday, September 10, 2007 4:04 PM 
        To: Kelly Maloney; Tony Bebber; BARGENTIERI@scana.com; Charlene 
Coleman; Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer 
Summerlin; Karen Kustafik; Malcolm Leaphart; Patrick Moore; Alan Stuart; 
Dick Christie 
        Subject: RE: Downstream Flows Study Update 
        
        
 
        Dave, Kelly, or Alan --  I just looked over the online 
presentation slides for the "Flow Release Study"  (study based on 
level-logger data) that was provided at the July 19 quarterly meetings. 
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I had to miss those meetings and the presentation but am interested in 
knowing more about the findings, as the slides are brief and some even 
seem to get into issues beyond our basic question -- that is, how fast 
does the water rise under a range of typical hydro release scenarios? 
        
           Please remind me of the plan for sharing results with the TWC 
and producing draft reports on this and the other parts of the 
downstream flows assessment, described below.  Thanks. 
        
        Bill Marshall 
        
        
        ________________________________ 
        
        From: Kelly Maloney [mailto:Kelly.Maloney@KleinschmidtUSA.com] 
        Sent: Friday, April 06, 2007 3:16 PM 
        To: Tony Bebber; Bill Argentieri; Bill Marshall; Charlene 
Coleman; Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer 
Summerlin; Karen Kustafik; Kelly Maloney; Malcolm Leaphart; Patrick 
Moore 
        Cc: Alan Stuart 
        Subject: Downstream Flows Study Update 
        
        
        
        Downstream Flows TWC, 
        
        Good afternoon.  I hope this email finds you well.  As several 
of you have posed questions and inquiries as to the status of the 
Downstream Recreation Flow Assessment, we thought we would provide a 
progress report.  I have provided an update below on the various phases 
outlined in the Downstream Recreation Flow Assessment Study Plan: 
        
        Phase I - Literature Review and Desktop Analysis 
        
                This component of the study is ongoing and will continue 
through the duration.  So far, we have compiled a fair amount of 
literature pertaining to recreation on the lower Saluda River including 
the Three Rivers Greenway Plan, South Carolina Statewide Comprehensive 
Outdoor Recreation Plan (SCORP), the Lower Saluda Scenic River Corridor 
Plan and Update, the Draft 2006 Saluda Recreation Assessment, and lower 
Saluda River creel surveys.  In addition, we have collected hydrologic 
data from the USGS. 
        

mailto:Kelly.Maloney@KleinschmidtUSA.com


        Phase II - Focus Group and Field Reconnaissance 
        
                Expert Panel Focus Group - We would like to schedule 
this fairly soon as input received during the focus group will help us 
to determine what flows should be evaluated during the on-site 
reconnaissance.  The members of the Downstream Flows TWC, and additional 
experienced recreational users and resources experts, as needed, will 
comprise the focus group.  Please provide information regarding your 
availability for a focus group meeting on the afternoon or evening or 
April 17, the afternoon or evening of April 18 or the morning of April 
20.  Please also provide any suggestions you may have for additional 
individuals who should be invited to participate in the focus group 
panel. 
        
                Expert Panel On-site Evaluation - We would also like to 
schedule this effort soon.  We are tentatively looking at the week of 
May 14 through May 20.  We anticipate that this will be a combination of 
a land and water-based reconnaissance whereby participants will engage 
in a variety of activities (paddling, angling) or observe recreation 
sites with specific activities in mind (swimming, rock hopping) to 
provide input on the appropriateness of each flow level for the specific 
activity in which that individual is participating or observing.  There 
will be three flows provided which will be discussed and finalized 
during the expert panel focus group.  Tentatively, we anticipate 
requesting a flow of 1,000 cfs or less (indicated in TWC meeting notes 
as being most appropriate for boating, swimming, rock hopping and wade 
angling), a flow of 2,500 cfs (indicated in TWC meeting notes as being 
most appropriate for boating, tubing and bank angling), and a flow of 
5,000 cfs (indicated in TWC meeting notes and American Whitewater as 
most appropriate for whitewater paddling). 
        
                Rate of Change Video Documentation - A high flow rate of 
change event (18,000 cfs) was video documented on January 31, 2007.  The 
surveyor was stationed at Mill Race rapids from approximately 7:00 am to 
about 12:30 pm to capture both the water rise and a duration of maximum 
stage 
        
        Phase III - Field Data Collection 
        
                Level Logger Deployment and Data Collection - The level 
loggers, which record the stage (in feet) and temperature every minute, 
were deployed at the 8 sites detailed in the study plan.  The level 
loggers were installed during the week of January 15 and removed during 
the week of February 19.  Data was collected from January 22 through 



February 22 and includes the following flow events: 
        
                        Monday, January 22 - 12,000 cfs - 5:49 AM 
                        Tuesday, January 23 - 10,000 cfs - 5:56 AM 
                        Wednesday, January 24 - 8,000 cfs - 5:49 AM 
                        Tuesday, January 30 - 14,000 cfs - 6:11 AM 
                        Wednesday, January 31 - 18,000 cfs - 6:10 AM 
                        Thursday, February 1 - 16,000 cfs - 6:10 AM 
                        Tuesday, February 6 - 14,000 cfs - 5:00 AM 
                        Tuesday, February 6 - 1,000 cfs - 6:00 PM 
                        Wednesday, February 7 - 2,000 cfs - 5:55 PM 
                        Thursday, February 8 - 3,000 cfs -  3:55 AM 
                        Tuesday, February 13 - 4,000 cfs -  6:03 AM 
                        Wednesday, February 14 - 5,000 cfs - 5:00 PM 
                        Thursday, February 15 - 6,000 cfs - 4:00 AM 
        
                        Level Logger Analysis - Analysis of the level 
logger data, in conjunction with USGS hydrologic data, as per the study 
plan is ongoing. 
        
        We hope that this helps to clarify the status of the Downstream 
Recreation Flow Assessment Study Plan.  If you have any additional 
questions or concerns, do not hesitate to contact me or Dave Anderson. 
        
        Thank you, 
        Kelly Maloney 
        
        
        
        
        
 
 



From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

cc: Cheryl Balitz; 
Subject: Final Saluda Self-Sustaining Trout White Paper
Date: Friday, December 21, 2007 11:47:20 AM
Attachments: Trout White Paper _2007_.pdf 

Hello folks: 
Attached for you records in the final version of the white paper examining potential for a self-sustaining 
trout fishery in the Lower Saluda River.  It was finalized several weeks ago based on comments received 
at the Oct 30th Fish and Wildlife meeting, but I don't believe the PDF was every distributed to the TWC.  
As with other documents, it will be posted to the Saluda relicensing website.  Thanks to the many folks 
who contributed to the paper. 
Best Holiday Wishes, 
Shane 
 
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
 
Cheryl: Could you please post to the website under documents/Lower Saluda River.  Thanks 
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1.0 INTRODUCTION 
 


During the Saluda Hydroelectric Project relicensing consultation, interest was expressed 


by stakeholder groups in the potential for a “self-sustaining” trout fishery in the Lower Saluda 


River (LSR).  According to the stakeholders, the primary benefits of establishing a self-


sustaining trout fishery would be the reduction or elimination of annual stockings that are 


currently required to maintain a sport fishery and the establishment of a balanced trout 


population with cohorts of various age classes represented.  The Relicensing Technical Working 


Committee agreed to discuss the potential to establish self-sustaining trout populations. 


 


The purpose of this document is to: 


 


1. discuss how macrohabitat characteristics of the LSR could affect the potential for 


a self-sustaining trout population1, 


2. summarize the management options  for trout in the LSR, and 


3. identify management goals that can be reasonably addressed in the relicensing of 


the Saluda Project. 


 


The LSR is a Fall-Line river with a relatively cool annual water temperature regime, 


bedrock-dominated riffles with limited gravel and cobble, and a high percentage of pool habitat.   


The LSR currently supports a tailrace fishery for brown trout (Salmo trutta) and rainbow trout 


                                                 
1 Macrohabitat considerations are watershed-scale factors such as water quality, water temperature, geology and 


ecology that may influence the biological resource independently of any management actions taken by man, such 
as flow modification, stocking, etc. 
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(Oncorhynchus mykiss) that is managed by the South Carolina Department of Natural Resources 


(SCDNR) as a Put, Grow and Take fishery.2  This management approach is generally 


recommended where trout habitat is marginal but can at least provide sufficient growth and 


survival of enough sub-adult trout to support a recreational fishery (D. Christie, SCDNR, Pers. 


Comm.). Trout are not native to the LSR, and the fishery is maintained through annual stocking 


of sub-adult rainbow and brown trout. Presently, the SCDNR stocking program runs from early 


December until mid-April, with the total number of trout stocked annually averaging around 


35,000.  Approximately two-thirds of the trout stocked annually are rainbow trout (typically 9-10 


inches in length), with the remainder being 7-8 inch brown trout (H. Beard, SCDNR, 


unpublished data).  Angler creel surveys conducted in 1995-97 indicated a pronounced seasonal 


fishery that coincides with the stocking season (H. Beard, SCDNR, pers. Comm.). 


 


                                                 
2 Trout Put, Grow and Take Waters, are defined by the South Carolina Department of Health and Environmental 


Control (SCDHEC) – Bureau of Water as freshwaters suitable for supporting the growth of stocked trout and a 
balanced, indigenous aquatic community of fauna and flora (SCDHEC 2004). 
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2.0 REQUIREMENTS FOR A SELF-SUSTAINING TROUT POPULATION 
 


A self-sustaining population requires that recruitment from natural reproduction must 


exceed mortality from both natural and manmade sources (Everhart and Youngs, 1981; Moyle 


and Cech, 2004).  Therefore, establishment of any self-sustaining population requires several 


basic components including spawning adults; spawning habitat (including macrohabitat 


considerations such as water temperature, water depth and flow, dissolved oxygen); fry/nursery 


habitat; and acceptable levels of intra- and inter- species-specific competition. 


 
2.1 Spawning Adults 


 
A self-sustaining population requires spawning adults. To obtain spawning age, 


trout must survive in the Lower Saluda for more than one year. Both rainbow and brown 


trout will spawn at age II, but fecundity is low (Raleigh et al, 1984; 1886); Age III and IV 


fish may be required to sustain a population because they produce much higher numbers 


of eggs. 


 


The habitat requirements needed to provide recruitment into older age classes are 


well understood for brown trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss). 


The preferred temperature range of brown trout is 12.4 – 17.6 C. Upper lethal limits are 


25-29 C and above (Jenkins and Burkhead, 1993).  At water temperatures greater than 


10oC, brown trout generally avoid water with dissolved oxygen levels of less than 5 


mg/L.  Rainbow trout prefer water temperatures of 12-19 C, and 15 C is considered most 


favorable for growth. The upper lethal temperature threshold is 25 C (Jenkins and 


Burkhead, 1993). Optimal dissolved oxygen conditions for adult rainbow trout (and 


embryos) are > 7.0 mg/L at water temperatures < 15oC and > 9.0 mg/L at water 


temperatures > 15oC.  Rainbow trout can tolerate dissolved oxygen below those 


thresholds; however, growth and metabolic function may be inhibited.  A level of 3.0 


mg/L is considered to be the incipient lethal level for dissolved oxygen and can prevent 


spawning (Raleigh et al., 1984). 
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2.2 Spawning and Spawning Habitat 


 
Brown trout spawning typically occurs in the fall, although spawning has been 


reported as late as February (Raleigh et al., 1986).  Spawning behavior is triggered by 


decreasing day length, increased late fall flows, and by decreases in water temperature to 


between 6oC and 12oC (depending on latitude).  Actual spawning typically takes place at 


water temperatures around 7oC to 9oC, with females digging an egg pit (redd) in clean, 


well-washed gravel deposits (Scott and Crossman, 1973). Optimal gravel size for brown 


trout redds is approximately 0.50 inches (1 cm) to 2.75 inches (7 cm), but they will 


spawn in gravel that ranges in size from 0.12 inches (0.30 cm) to 4 inches (10 cm).  


Gravels with high embeddedness can restrict oxygen exchange, and cause entombment, 


resulting in mortality (Raleigh et al., 1986).  According to Raleigh et al. (1986), at least 


5% of a given stream must meet these criteria in order to provide habitat required for 


good reproduction. 


 


Brown trout spawning sites typically consist of areas influenced by upwelling of 


cold water and/or fast flow through spawning sized gravels, or by water currents that 


flow down into the gravel to allow for proper aeration of embryos (Raleigh et al, 1986).  


Following fertilization, the female covers the redd with gravel that allows flow to freely 


aerate and cleanse the egg during incubation. 


 


Optimal water velocity for spawning brown trout is reported as 1.3 to 2.3 feet per 


second (fps), with a full range of velocities ranging from 0.5 to 3 fps.  Optimal water 


depth during spawning and for redd construction is reported as 0.8 to 1.5 feet, with a 


range of 0.4 to 3 feet.  Optimal incubation temperatures for brown trout embryos are 


reported as ranging from 7oC to 13oC, although water temperatures as low as 0oC and as 


high as 15oC are reported as tolerable, though temperatures exceeding 13.3oC may result 


in hatching failure.  Egg incubation may last from 34 to 148 days, depending on ambient 


temperature, and climatic conditions (Raleigh et al, 1986). 


 


Rainbow trout typically spawn in the spring as water temperatures approach or 


exceed 6oC to 7oC (Behnke, 2002).  However, spawning is theoretically possible with 


temperatures ranging up to 16oC (Raleigh et al., 1984).  Spawning can begin as early as 
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January in temperate western United States watersheds or as late as July in colder 


climates.  Hatchery strains may spawn at other times of the year (Behnke, 2002).  Eggs 


are deposited by females in redds as with other salmonids. Redds are located in fast 


flowing, well-washed gravel-cobble bars that promote good aeration of the eggs during 


development. Suitable substrate for redd construction and embryo development consists 


of clean gravels and cobbles ranging in size from 0.6 inches (1.5 cm) to 4 inches (10 cm), 


depending on the size of the adult fish.  Substrates of larger sizes will be used if optimal 


gravel is not present (Raleigh et al. 1984). After fertilization, the female buries the redd 


with additional gravels that protect the redd from predation or dislocation during the 


incubation period (Scott and Crossman, 1973). 


 


Optimum temperature for rainbow trout embryo incubation ranges from 7oC to 


12oC.  Highest egg survivability rates are reported at temperatures ranging from 7.5oC to 


10oC.  Suitable temperature for the growth of fry during the spring and early summer 


months (during the four month period after hatching) ranges from 10oC to 21oC (Raleigh 


et al., 1984). Egg incubation may last from four to seven weeks, depending on ambient 


temperature, and climatic conditions (Scott and Crossman, 1973). 


 


Rainbow trout spawning can occur in depths from 0.6 to 8.2 feet; suitable water 


depth for incubating eggs is generally assumed to be identical to that reported for 


spawning fish. Optimum water velocity for rainbow trout spawning and egg incubation is 


between 1.5 and 3.0 fps.  Water velocity less than 1.0 or greater than 3.0 fps is considered 


unsuitable for spawning and incubating rainbow trout (Raleigh et al., 1984). 


 


Due to the extended egg incubation time, flow regime or water quality changes 


occurring between egg deposition and fry emergence may affect the productivity of a 


redd.  For example if water temperature increases precipitously after egg deposition, eggs 


may be subject to mortality (Raleigh et al., 1986).  Typically, a 1:1 ratio of pool and riffle 


habitat is considered optimal to support both spawning and rearing life stages of rainbow 


trout (Raleigh et al., 1984). 
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2.3 Fry/Juvenile Nursery Habitat Requirements 


 
Upon hatching, each brown and rainbow trout fry remains buried in the substrate 


until the yolk sac is absorbed.  Transition to the swim-up fry (alevin) stage requires 


approximately three to seven days, depending on ambient water temperature (Scott and 


Crossman, 1973).  Alevin emerge from the substrate and can swim weakly. 


 


Brown trout fry are most often found in object cover at the edge of riffles or in 


river margins where water depth is 0.6 to 1.0 feet, where velocity, competition, and 


predation from larger fish is minimized and summer water temperature is moderate 


(Raleigh et al, 1986).  Fry are rarely found in backwater or in areas with a small gravel 


substrate.  Fry morph into young-of-year (YOY) juveniles during late spring to early 


summer in northern climates (Scott and Crossman, 1973). 


 


During the winter months, brown trout juveniles seek refuge in the gravelly 


stream substrate, often at depths of 0.3 to 1.3 feet.  Riverine habitat composition in 


productive brown trout streams is typically characterized by clear cool to cold water; 


relatively silt-free rocky substrate in riffle areas;  a 50% to 70% pool to 30% to 50% 


riffle-run habitat combination with areas of slow, deep water; well vegetated, stable 


stream banks; abundant instream cover; and relatively stable annual water flow and 


temperature regimes (Raleigh et al., 1986). 


 


Rainbow trout fry generally inhabit run or stream margin habitat with slower 


water velocity.  Competition with 1+ and older fish for pool habitat often limits young-


of-year distribution to other habitats. As fry shift to the YOY juvenile phase they 


gravitate to somewhat deeper water with more complex cover (Raleigh et al, 1984).  


Over-wintering habitat for juveniles is comprised of gravels in runs; during the growing 


season juveniles typically inhabit runs, pools and riffles with gravel/cobble/boulder 


substrates.  The accumulation of fines in riffle habitat can limit invertebrate production, 


as well as spawning, if gravels are too embedded with silts and sands (Raleigh et al, 


1984). 
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2.4 Intra and Inter – Species Specific Competition 


 
Self-sustaining trout populations typically occur in relatively oligotrophic cold-


water ecosystems where population and ecosystem dynamics differ from those found in 


mesotrophic/eutrophic warmwater streams.  Interactions between co-occurring 


warmwater competitors and predators often result in reduced abundance and viability of 


coldwater populations. For example, a smallmouth bass introduction to a coldwater 


salmonid river ecosystem in Maine has impaired the abundance, growth and catch per 


unit effort of the natural trout population, because the adult bass are both insectivores and 


piscivores and therefore compete with, and prey on juvenile trout. Juvenile bass also 


compete for both microhabitat niches and food sources with adults and juvenile trout 


(Boucher and Bonney, 2004). 
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3.0 FEASIBILITY OF SUCCESSFUL SELF-SUSTAINING TROUT POPULATIONS 
IN THE LOWER SALUDA RIVER 


 


3.1 Spawning Adults 


 


A self-sustaining population of either rainbow or brown trout will require the 


presence of adequate numbers of spawning adults. The specific number of adult spawners 


required to sustain an exploitable population would depend on specific management 


objectives that would need to be established by SCDNR. The potential number of redds 


would be limited by the area of available spawning habitat. When spawning habitat is 


scarce, there may be insufficient space for enough redds to produce adequate catchable 


sized trout to measurably contribute to a fishery (Everhart and Youngs, 1981). 


 


Available information suggests that adult spawning escapement may be variable 


or limited.  Evidence from electrofishing and angling records indicate some trout do 


survive for longer than one-year in the river (Kleinschmidt et al., 2003; H. Beard, 


SCDNR, Pers. Comm.), and thus could be available as spawning stock.  A 2003 growth 


study found a minimum of two distinct age classes of trout present during the study 


period (Kleinschmidt et al., 2003).  Further, the study found that, of 441 brown and 


rainbow trout collected, 74 were greater than 16 inches in length.   Data from an ongoing 


study begun by SCDNR to evaluate annual mortality of stocked trout in the LSR suggests 


that carryover of trout through the spring and summer may vary annually (H. Beard, 


SCDNR, Pers. Comm.). 


 


Creel data and annual electrofishing by SCDNR generally indicates a significant 


decline in LSR adult trout abundance beginning in early summer (H. Beard, SCDNR, 


unpublished data). The reasons for the observed decline in trout abundance during late 


summer and the variability in yearly adult survival are not fully understood, but it is 


probable that the cumulative effects of heavy fishing effort and liberal creel limits, as 


well as predation and physical habitat degradation may limit the number of fish available 


to recruit to age II and older. As previously noted, creel surveys conducted in 1995-97 


indicated a pronounced seasonal fishery that coincides with the stocking season (H. 


Beard, SCDNR, unpublished data). Although environmental conditions in the late 
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summer and early fall (particularly water temperature and dissolved oxygen (DO)) are 


factors with potential to limit survival, water temperatures in the LSR near the most 


downstream and presumably warmest extent of trout habitat in the river do not exceed the 


lethal limit for trout of 25°C (maximum of 23.9°C during the 2002 – 2006 period; USGS 


Gage # 02169000).  Recent modifications made to the Saluda Project turbines have also 


resulted in improved DO levels (Table 1); the DO in the LSR provides suitable growing 


conditions during the growing season for sub-adult and adult trout,  (average growth of 


0.67 inches per month (Kleinschmidt et al, 2003)). In the past, low DO, combined with 


high water temperature, has been attributed to minimal survival of trout (D. Christie, 


SCDNR, Pers. Comm.). 


 
Table 1: Average Maximum, Minimum, and Average Mean Dissolved Oxygen Levels 


in the Lower Saluda River from 2000 to 2006, as measured at USGS Gage # 
02168504 
 


MONTH AVERAGE 
MAX 


AVERAGE 
MIN 


AVERAGE 
MEAN 


September 8.0 4.3 6.2 
October 8.0 5.6 6.5 


November 9.3 7.2 8.3 
December 10.8 9.8 10.2 
January 11.5 10.4 10.8 
February 11.7 10.5 11.0 
March 10.6 9.4 10.0 
April 9.7 7.9 8.7 
May 9.5 6.8 8.1 
June 8.9 6.0 7.6 
July 8.6 5.6 7.3 


August 8.0 5.0 6.7 
Absolute Min Value 0.2 (9/25/2000) - 
Absolute Max Value 14.4 (2/25/2005) - 
Lowest Daily Mean 1.2 (9/29/2004) - 
Highest Daily Mean 13 (3/13/2005) - 
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Figure 1: Average Water Temperature in the Lower Saluda River from the Period 


08.01.2000 through 08.01.2006 as Measured at USGS Gages 2168504 (below 
Murray Lake) and 2169000 (Columbia) 


 


3.2 Spawning Habitat 


 


3.2.1 Macrohabitat Considerations 
 


Average water temperature in the lower Saluda River ranges from 


approximately 17 to 10oC during the brown trout spawning and incubations 


season (Figure 1). Thus, the ambient temperatures are marginal for supporting 


brown trout spawning, and would most likely not provide suitable incubation 


conditions for eggs.  In contrast, water temperatures in releases from the Philpott 


Dam on the Smith River in Virginia, where a self-sustaining population of brown 


trout exists, range from 4 to 14°C annually (Orth et al., 2003).   


 


Average water temperature throughout the late winter, spring, and early 


summer months (February – July) in the lower Saluda River ranges from 9.5oC to 


15.4oC and is within the tolerances for adult rainbow trout (Figure 1). Assuming 
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that rainbow trout spawning occurred February or March, ambient water 


temperature in the lower Saluda River would likely support egg development.  


Similarly, suitable water temperatures in the spring and early summer months 


(March – June) would likely exist for embryo development and rearing of post-


emerged larval rainbow trout, as average water temperature typically remains 


between 10oC and 14oC. Suitable temperature conditions would likely be present 


for developing rainbow trout fry in the spring and early summer months (Figure 


1). 


 


3.2.2 Mesohabitat Considerations 
 


Trout species are habitat specialists that require a series of spatially-linked 


mesohabitat types (i.e. riffles, runs, pools) that have specific parameters unique to 


each lifestage (Scott and Crossman, 1973, Raleigh, et al., 1986) including a 


pool/riffle ratio for optimal production. Barthelow et al. (2003) demonstrated that 


contiguous and sequential downstream linkage of spawning/rearing/nursery 


habitat was highly correlated to production of an abundance of sub-adult 


salmonids; conversely, discontinuous or isolated spawning habitats resulted in 


bioenergetic and predation mortality penalties to cohorts of fry emerging from 


isolated spawning sites and reduced recruitment success.  Similarly, Shirvell and 


Dungey (1983) concluded that brown trout population size might be limited by 


the amount of the least abundant activity-specific habitat. 


 


The LSR lacks the pool/riffle ratio and sequencing characteristic of most 


productive trout streams. Although some mesohabitat components can be found, 


Instream Flow Incremental Methodology studies performed on the LSR in the 


early 1990’s (Isley et al.1995) and in 2007 (Kleinschmidt Associates, 2007), as 


well as aerial videography (DTA, 2005) all consistently document that most of the 


LSR below Lake Murray Dam consists of low-gradient, slow-moving, runs and 


pools intermittently separated by bedrock dominated shoal.  Substrates are 


dominated by fines interspersed with boulder and gravel.  Bedrock is the 


dominant substrate in the shallow shoal areas that separate pool and run/glide 


habitat. 
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According to Isley et al. (1995), there is approximately 0.8 river miles (8.5 


percent) of riffle habitat in the lower Saluda River.  Both rainbow and brown trout 


require riffle habitat featuring unimbedded clean gravel substrate (Photo 1) that 


ranges in size from 1/8 of an inch to 4 inches.  The majority of riffle habitat in the 


LSR consists of bedrock-controlled shoals that have little value as spawning 


habitat.  Ocean Boulevard/Oh Brother Rapids potentially provides the greatest 


concentration of suitable spawning substrate in an extensive gravel-cobble 


dominated riffle area.  However, these substrates are marginal for spawning due 


to embedded fines and the lack of uniform gravels (Photo 2).   


 


In addition to embeddedness, suitable LSR spawning substrates are 


scattered and occupy a relatively small area compared to the length of the LSR. 


For example, in the nine miles of river reach, the spawning gravels in the Oh 


Brother Rapids area only occupy an area of approximately 200 feet long by 300 


feet wide.  As noted above, the gravels in this area are not optimal due to particle 


size and embeddness.  Thus only a relatively small portion of this area would 


likely provide suitable redd production potential.  For the reasons discussed 


above, these redds would not necessarily generate viable juveniles.  This one 


isolated area would not likely promote juvenile recruitment extensive enough to 


provide a fishery along a nine-mile segment of river.  This would not likely 


support redd formation on a scale sufficient to support a self-sustaining trout 


population. Studies conducted in other Southeastern tailwaters have identified that 


the lack of suitable sized substrate was one of the limiting factors to trout 


reproduction (Banks and Bettoli, 2000). Furthermore, there is no contiguous 


connection between this spawning site and downstream fry-rearing habitat. Any 


fry produced in this area would drift downstream into deep slow moving pools 


and runs which are unsuitable for fry nursery habitat, and thus survivorship to 


older lifestages would be limited. 


 


In some large river systems, significant trout spawning may occur in 


smaller tributaries.  There are several tributaries that enter the LSR (e.g., Rawls 
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Creek and 12-mile Creek); however, these tributaries differ significantly from the 


lower Saluda River in that they are low-gradient, warmwater reaches unsuitable 


for coldwater trout. 


 


Isley et al. (1995), Kleinschmidt Associates (present IFIM study) and 


aerial videography all consistently document that  the pool to riffle ratio in the 


lower Saluda River far exceeds that which is required for optimum productivity of 


fry and juveniles.  Isley et al. (1995) classified the reach as containing 


approximately 58 percent pool habitat with 8.5 percent riffle habitat, a ratio of 6.8 


to 1. 


 


3.3 Intra and Inter – Species Specific Competition 


 


Self-sustaining trout populations generally occur in cold-water habitats.  In South 


Carolina, these cold-water habitats would be classified as trout natural streams. Here, fish 


species diversity is generally low and the highest-level predator is typically the trout, or 


at least other top predators are unlikely to prey on trout. Such self-sustaining (or “wild”) 


trout streams are limited to the extreme northwest portion of South Carolina and include 


the Chattooga River and other headwater streams of the Blue Ridge Escarpment (EBTJV, 


2007).  The fifty-seven or so species of fish documented in the LSR are warmwater 


species with the exception of the two trout species (SCE&G and SCDNR, unpublished 


data, as summarized in Kleinschmidt Associates, 2005). It is well documented that 


striped bass prey on the stocked trout, and that anglers fishing for striped bass often use 


trout as bait (H. Beard, SCDNR, Pers. Comm.). This is consistent with observations from 


other river systems in which brown trout have been stocked in waters containing striped 


bass populations that would normally not occupy the same ecosystem.  For example, in 


the lower Kennebec River, adult striped bass have been documented consuming 


introduced adult brown trout (Photo 3). 


 


Other species such as largemouth bass and chain pickerel prey on trout as well. 


Largemouth bass, smallmouth bass and chain pickerel are reported as predators on 


salmonids in other ecosystems (Keith and Barkley, 1971; Warner and Havey, 1985; 
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Boucher and Bonney, 2004). Besides predation on the stocked trout, it is suspected that if 


trout successfully reproduce, these other fish species would prey on the eggs, fry and 


juveniles as well. 


 


 
Photo 1: Example of Unimbedded Gravel Spawning Bar Substrates Used by 


Salmonids, Kennebec River, Maine 
 


 
Photo 2: Example of Embedded Substrate in Oh Brother Rapids Area, Saluda 


River, SC 
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Photo 3: Remains of a 10-Inch Adult Brown Trout Expelled from Stomach of 


Adult Striped Bass, Lower Kennebec River, Maine, August 2002 
(from Yoder and Kulik, 2003) 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 
 


The existing habitat and water quality in the Saluda River generally provides suitable 


growing conditions for much of the year for adult brown and rainbow trout.  However, self- 


sustaining populations require specific spawning and nursery habitat conditions to allow for 


sufficient amounts of recruitment to compensate for mortality.  These conditions are limited or 


marginal in the LSR. 


 


Spawning Recruitment.  Adult survivorship is likely limited during some years, 


potentially due to a variety of biotic and abiotic factors including predation, competition, angling 


exploitation, hydro operations, as well as water quality and other environmental conditions.  As a 


result, few fish survive to reach age II and older.  It should be noted that conditions for trout will 


improve with adherence to the new DO standard and with modified hydro-units operation that 


will lower temperatures during the late summer/early fall season.  Notwithstanding these 


improvements, it will still be unlikely that spawning recruitment will be sufficient to support 


self-sustaining populations of trout for other reasons stated. 


 


Limited Spawning and nursery potential. Spawning potential is insufficient to support 


self-sustaining populations of either species. Factors identified that support this conclusion 


include marginal spawning and incubation water temperature (brown trout), limited amount and 


quality of gravel spawning beds for both species, and discontinuous and limited fry and juvenile 


nursery habitat.  It should be noted that conditions for trout will improve with adherence to the 


new DO standard and with modified hydro-units operation that will lower temperatures during 


the late summer/early fall season.  Not withstanding these improvements, it will still be unlikely 


that spawning will be sufficient to support self-sustaining populations of trout for other reasons 


stated. 


 


Mortality in the present fishery is compensated for by annually stocking 35,000 sub-adult 


trout.  Although it is theoretically possible that incidental natural reproduction may presently 


occur, at least for rainbow trout, the magnitude and frequency of production would not likely 


support the present level of the recreational fishery given the natural vagaries of reproduction in 


trout populations, and suboptimal conditions discussed above. This conclusion is consistent with 
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results of recent studies downstream of the Bridgewater Project on the Catawba River in the 


upper piedmont in North Carolina.  Although natural reproduction of brown and rainbow trout 


has been documented in the Bridgewater tailwater, the study found that wild fish contribute only 


approximately 10 to 25 % of Age-0 fish, necessitating continued stocking efforts to maintain the 


fishery (Besler, 2003; Besler, 2002).    


 


The proximity to an urban area and the popularity of angling (where it is reasonable to 


expect pressure on this fishery to remain the same if not increase) was not assessed in this report 


but is also a mortality factor. Few if any urban trout fisheries located in native or at least more 


favorable cold water ecosystems are maintained by natural reproduction.  Given the public 


expectations for this fishery, and the marginal potential for self-sustaining coldwater salmonid 


populations, it is not clear what material benefit would be derived by altering LSR trout fishery 


management to rely on natural reproduction rather than the existing stocking strategy. 


 


Focus should be placed on maximizing the potential for this river to maintain a Put-Grow 


and Take trout fishery in a manner that will ensure increased survival and growth of the river’s 


trout population. If successful, this should lead to additional year to year survivorship and result 


in additional years classes contributing to the fishery.  This can be accomplished, in part, by 


determining ways to modify project operations to provide more favorable water temperatures in 


July through September; to ensure that dissolved oxygen standards are being met and to 


implement instream flows that enhance habitat for adult trout.  However, pursuing a goal of 


establishing a self-sustaining trout population in the LSR is not considered an appropriate 


management strategy because of the limited potential for its success due to poor recruitment 


potential 
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Attachments: American Shad Telemetry Study Plan 01-4-2006 (jms_csb_aws).doc 

All: 
Attached for your review is the draft American shad telemetry study plan.  Please have comments back 
to me by January 30, 2007. 
  
 
Thanks, 
Jennifer Summerlin 
Scientist Technician 
Kleinschmidt Associates 
101 Trade Zone Drive, Suite 21A 
West Columbia, SC 29170 
P:803.822.3177 
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Saluda Hydro Project (FERC No. 516)

Study Plan:  2007 Diadromous Fish Studies


 American Shad Telemetry Study for the Lower Saluda, Congaree and Broad Rivers

Diadromous Fish Technical Working Committee


Draft – January 4, 2006


I. Study Objective


The objective of this study will be to characterize the movements of migrating American shad (Alosa sappadissima) in the Lower Saluda (LSR), Congaree, and Broad Rivers for purposes of determining: 

· usage of the lower Saluda River (LSR) downstream of Saluda Hydro dam;   

· potential usage of the Columbia Hydro tailrace; 


· potential usage of the Columbia fish passage facility on the Broad River; and 


· migration upstream of the Columbia Hydro Project to the base of Parr Hydro

II. Basis

Enhancement and restoration of anadromous Alosids to South Carolina waters has become an important objective of resource agencies.  Each spring, efforts to pass migrating American shad and blueback herring are undertaken at the first barriers to migration in the Santee-Cooper system.  Once passed, these fish have several migration pathways from which to choose.  One potential pathway could result in these fish entering the LSR near Columbia.  The relative abundance and potential spawning of this segment of the population is of particular interest to managers.  

Another pathway would result in fish entering the Broad River, also located near Columbia.  Recently, South Carolina Electric and Gas (SCE&G) installed a fish passage facility at the Columbia Hydro diversion dam.  The fish passage facility was constructed to allow target fish species, such as American shad and blueback herring, to migrate upstream over the diversion dam to reach spawning grounds.  The success of passing diadromous species through the Columbia fish passage facility is of importance to resource agencies and interested stakeholders.


During the relicensing process of Columbia Hydro, resource agencies expressed interest in the potential for American shad to utilize the tailwaters of the project. Agencies were concerned that during times of high power generation, American shad may be influenced and be attracted to the tailrace as opposed to migrating up the bypass reach towards the fish way.  Further, the agencies indicated that if significant numbers of Alosids utilize the Columbia tailrace then reductions in project operations may be necessary to re-direct shad in the tailrace to the bypass reach.  


III. Geographic and Temporal Scope

The telemetry study will focus on the Congaree River near the downstream extent of the Congaree National Park, upstream of Highway 601 Bridge; the LSR from downstream of the Saluda Hydro Dam to its confluence with the Broad River; and the Broad River from the Parr Shoals Dam to its confluence with the LSR.

The study will be conducted during Spring 2007, when American shad would be expected to undertake their upstream spawning migrations.  Study timing will be based on passage numbers at the St Stephens Fish Ladder located downstream at the Santee Cooper Project (FERC Project No. 299).  Duration of the study may be adjusted based on battery life of transmitters, mortality of target species and/or consultation with resource agencies and interested stakeholders.  It is anticipated the study will last through August 2007.

IV. Methodology


Tagging

Approximately 40 - 50 American shad will be collected from the Congaree River in the vicinity of the Highway 601 Bridge during the 2007 inmigrating spawning season. Both male and female will be captured depending on availability.  To facilitate collections, the SCDNR will notify Kleinschmidt Associates and/or SCE&G when significant numbers of Alosids begin to move through St. Stephens Fish Lift at Pineopolis Dam.  Collections will be by standard boat electrofishing methods, and captured fish will be dip netted and placed in a live car (floating pen).  Each captured fish will be measured (mm) and a VemcoV-9 coded acoustic transmitter will be inserted through the esophagus into the upper alimentary canal via a slender wooden probe (Olney et al. 2006).   Each transmitter will be coated with glycerin to reduce abrasion of the esophagus (Beasley et al. 2000). Dry weight of acoustic transmitters will not exceed 2% of fish wet weight.  Tagged American shad will be placed in a holding pen for an overnight observation period to ensure recovery and then released.


Monitoring


The SCNDR has installed an array of receivers in the lower Saluda and Congaree Rivers.  To expand the current SCDNR study and conduct the scope of this study, additional receivers will be installed at locations in the Broad River and below the Columbia Hydro Powerhouse.  Acoustic equipment for this study will include Vemco V-9 coded acoustic transmitters (69 kHz) and Vemco VR2 ultrasonic receivers (Vemco, Shad Bay, Nova Scotia).  The transmitters will relay an acoustic ping to the Vemco receiver(s), which will be programmed to record the transmitter code, time of passage, depth, and location of each shad.  Data will be downloaded from receivers on a bi-monthly basis.  

Locational data will be recorded from an array of Vemco receivers deployed (or will be deployed prior to tagging) at the following locations (Attachment A): 

· Congaree River near Highway 601 Bridge;


· Congaree River at the upstream extent of the Congaree National Park;


· Congaree River near Carolina Eastman;

· Congaree River in the vicinity of the Rosewood Boat Landing;

· LSR below Lake Murray Dam;


· LSR near Corley Mill Island;


· LSR adjacent to the Radio Towers;


· LSR adjacent to Riverbanks Zoo;


· Broad River in the vicinity of Columbia Hydro tailrace;

· Broad River below the diversion dam;


· Broad River in the vicinity of Harbison State Park; and 


· Broad River below Parr Shoals Dam.


Data Retrieval

Data will be retrieved from the receivers on a monthly basis by SCDNR, SCE&G or Kleinschmidt personnel.  Data retrieved from the receivers will be given a unique file name which includes receiver location and date.  


V. Schedule and Required Conditions


Sampling for American shad in the lower Saluda, Broad, and Congaree Rivers will be conducted during spring 2007 when significant number of American shad reaches the St. Stephens fish lift at Pineopolis Dam.  A draft report summarizing the results will be issued in October 2007.  The report will contain information on spatial and temporal movements of tagged fish and contain any appropriate maps or GIS information.  

VI. Use of Study Results


Results of the telemetry study will be used as an information resource during discussion of relicensing issues with the SCDNR, NMFS, USFWS, relicensing issue working groups, and other relicensing stakeholders. 

VI. Study Participants


		

		NAME

		ORGANIZATION

		PHONE

		E-MAIL



		Applicant Leads

		Stephen  Summer

Milton Quattlebaum

Alan Stuart


Shane Boring


Jennifer Summerlin

		SCANA Services

SCANA Services


Kleinschmidt


Kleinschmidt


Kleinschmidt

		803.217.7357

803.608.6296


803.822.3177


803.822.3177


803.822.3177

		summer@scana.com

mquattlebaum@scana.com

alan.stuart@kleinschmidtusa.com

shane.boring@kleinschmidtusa.com

jennifer.summerlin@kleinschmidtusa.com



		Agency Leads

		Dick Christie


Jason Bettinger


Amanda Hill


Prescott Brownell

		SCDNR


SCDNR


USFWS


NOAA Fisheries

		803.289.7022

803.353.8232

843.727.4707


843.762.8591

		dchristie@infoave.net

BettingerJ@dnr.sc.gov

Amanda-hill@fws.gov

Prescott.brownell@noaa.gov



		Other Participants

		William Argentieri

Randy Mahan

		SCE&G


SCANA Services

		803.217.9162

803.217.9538

		bargentieri@scana.com

rmahan@scana.com





VII. List of Attachments


ATTACHMENT A:
Map of receiver monitoring stations on the lower Saluda, Broad, and Congaree rivers.
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ATTACHMENT A

Map of receiver monitoring stations on the lower Saluda, Broad, and Congaree Rivers
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Attachment A:  Receiver monitoring stations on the lower Saluda, Broad, and Congaree Rivers



From: Brandon Kulik
To: Shane Boring; "Theresa Thom"; Alison Guth; "Amanda Hill"; "Bill Argentieri"; 

"Bud Badr"; "Dick Christie (dchristie@comporium.net)"; 
"Gerrit Jobsis (American Rivers)"; "Gina Kirkland"; "Hal Beard"; Jennifer Hand; 
"Jim Glover"; "Malcolm Leaphart"; "Mark Giffin (giffinma@dhec.sc.gov)"; 
"Mike Waddell"; "Milton Quattlebaum (mquattlebaum@scana.com)"; 
"Prescott Brownell"; "Randy Mahan"; "Ron Ahle"; "Scott Harder"; "Steve Summer"; 
Alan Stuart; 

Subject: Saluda River IFIM study  - revised PHABSIM model output for Reach 4 Run (Transect 2)
Date: Monday, December 03, 2007 2:16:25 PM
Attachments: revised section 4242.doc 

Hello all -  
Scott Harder and I have been interactively reviewing the PHABSIM model over the course of the past week or so.  
Along the way, he and I detected a bed vs. water elevation mismatch on transect (T-2, which describes the run in 
Reach 2 - near the Riverbanks Zoo).  This transect is unique in that the bed elevation was profiled using the ADCP 
unit (rather than via rod-and-level survey) and then the relationship of the ADCP profile and DEM-derived land 
topography elevations were subsequently assembled during post-processing. A data entry error uncoupled the 
water elevations in the model from the bed elevations; correcting the elevations required recalibration and re-
running PHABSIM for this transect.   
The attached text file reflects the revised model output for this transect. Please substitute the attached five pages 
for the corresponding original section 4.2.4.2 material in the draft report.  I apologize for any inconvenience this 
may have caused you.  If you have any questions please feel free to contact me. 
Regards, 
Brandon 
Brandon H Kulik 
Senior Fisheries Biologist 
Kleinschmidt Energy & Water Resources 
141 Main Street 
Pittsfield, ME  04967 
(207) 487-3328 
Fax:  487-3124 
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4.2.4.2 Riverbanks Zoo


The Saluda River passes through a lower-gradient segment featuring run and pool habitat.  A deep run, located below the toe of Millrace Rapids is described by transect T-2.  Table 16 and Figures 39-42 summarize results.


Habitat data


A number of species and lifestages exhibited a bimodal peak in WUA. The first peak reflects habitat changes in the main channel; the second peak reflects WUA changes resulting from submergence of riparian upland areas at high flows.  


Rainbow trout and brown trout.  Habitat suitability for juveniles peaks at 500 cfs (rainbow trout) and 600 cfs (brown trout), and then declines slightly to approximately 8,000 cfs.  At greater flows, habitat suitability increases due to increases in wetted area in uplands.  Adult rainbow trout suitability ascends sharply to 700 cfs, declines rapidly to 5,000 cfs and trends toward a second bimodal peak toward 20,000 cfs reflecting habitat gains in uplands.  Adult brown trout suitability increases in suitability to a peak at cfs then gradually declines to  14,000 cfs, before increasing at higher flows due to gains in upland wetted area.


Smallmouth bass.  Juvenile habitat suitability features a bimodal curve reflecting main channel and upland habitat suitability. Suitability increases rapidly to 500 cfs and then decreases gradually to 10,000 cfs, before increasing slightly at higher flows to reach a second peak at 18,000 cfs, resulting from upland inundation.  Adult bass habitat suitability increases rapidly to 700 cfs then increases slightly to a peak at 1,200 cfs. Habitat suitably markedly declines at flows between 1,600 to approximately 14,000 cfs after which suitability increases slightly at higher flows. Fry lifestage suitability declines at flows greater than 300 cfs due to increases in velocity and depth other than at the edge of the channel.  Suitability begins to increase again between 7,000 to a plateau between 12,000 and 18,000 cfs as upland inundation occurs, which creates new areas of shallow and relatively low velocity. Optimal spawning suitability occurs at 800-900 cfs but is maintained at least 75% of optimal suitability between approximately 500-5,000 cfs.  A secondary increase in spawning suitability occurs at flows above 12,000 cfs, reflecting upland inundation.

Deep-fast guild.  Habitat suitability was based on five guild surrogates representing a range of habitat uses of interest to the TWC.  Habitat suitability peaked between 400 cfs (redhorse fry) to 1,316 cfs (deep-fast spawning and American shad YOY).  Early lifestages represented by redhorse fry express relatively little overall habitat suitability, peak at 400 cfs and decline at higher flows.  Redhorse adult reached an inflection point at 700 cfs and, maintained at least 75% of optimal habitat suitability between approximately 300 and 3,000 cfs with a secondary rise in suitability occurring above 10,000 cfs during upland inundation.  At least 75% of juvenile redhorse habitat suitability is maintained between 300 cfs and approximately 2,000 cfs.  American shad maintained at least 75% of optimal habitat suitability between approximately 600 cfs and 3,000 cfs. The deep-fast spawning guild habitat suitability achieves an inflection point at approximately 1,000 cfs before reaching a peak at 1,316 cfs, 75% of suitability is achieved between approximately 650 and 3,000 cfs.


Shortnose sturgeon.  Suitability for this species rises rapidly to an inflection point at  1,200 cfs, peaks at 2,000 cfs, then gradually declines at higher flows.  


[image: image1.emf]Figure 39. Saluda River instream Flow Study.  Reach 4 Run. 
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[image: image2.emf]Figure 40. Saluda River Instream Flow Study. Reach 4 Run. 
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[image: image3.emf]Figure 41. Saluda River Instream Flow Study. Reach 4 Run. 
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[image: image4.emf]Figure 42. Saluda River Instream Flow Study. Reach 4 Run. 
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Table 16.  Saluda Instream Flow Study.  Habitat suitability-discharge relationship, Reach 4 Run.


		DISCHARGE (cfs)

		BNT juvenile

		BNT adult

		RBT juvenile

		RBT adult

		

		SMB spawning

		SMB fry

		SMB juvenile

		SMB adult

		

		Redhorse Adult

		Deep-fast Spawning

		Redhorse Fry

		Redhorse Juvenile

		American shad

		

		SNS Incubation



		        300 

		  48,012 

		  43,786 

		  27,946 

		  122,877 

		

		    67,813 

		  146,896 

		  20,951 

		  42,280 

		

		  101,899 

		  28,794 

		  15,557 

		  71,828 

		    64,599 

		

		  16,905 



		        400 

		  49,524 

		  46,291 

		  29,069 

		  135,495 

		

		    86,226 

		  139,750 

		  24,709 

		  47,599 

		

		  112,666 

		  30,981 

		  15,829 

		  78,933 

		    78,894 

		

		  21,562 



		        500 

		  50,270 

		  47,009 

		  29,336 

		  144,927 

		

		  100,148 

		  133,549 

		  25,871 

		  52,485 

		

		  120,854 

		  33,724 

		  14,448 

		  81,499 

		    90,849 

		

		  25,621 



		        600 

		  50,959 

		  46,479 

		  29,089 

		  150,984 

		

		  110,564 

		  127,511 

		  25,794 

		  56,099 

		

		  125,649 

		  38,353 

		  12,583 

		  82,434 

		  102,366 

		

		  28,940 



		        688 

		  50,939 

		  46,159 

		  28,653 

		  154,359 

		

		  115,713 

		  121,800 

		  25,416 

		  58,371 

		

		  127,814 

		  42,137 

		  11,327 

		  82,153 

		  110,661 

		

		  31,579 



		        700 

		  50,921 

		  46,205 

		  28,593 

		  154,638 

		

		  116,279 

		  121,122 

		  25,354 

		  58,641 

		

		  128,027 

		  42,557 

		  11,181 

		  82,071 

		  111,666 

		

		  31,933 



		        800 

		  50,507 

		  46,021 

		  28,162 

		  151,900 

		

		  118,236 

		  117,120 

		  24,586 

		  60,886 

		

		  129,169 

		  45,918 

		    9,694 

		  81,188 

		  119,549 

		

		  34,693 



		        900 

		  49,601 

		  45,592 

		  27,519 

		  146,035 

		

		  118,004 

		  114,221 

		  23,839 

		  62,189 

		

		  129,822 

		  48,985 

		    8,476 

		  80,369 

		  126,091 

		

		  37,595 



		    1,000 

		  48,179 

		  44,947 

		  26,848 

		  141,485 

		

		  115,905 

		  109,540 

		  22,987 

		  63,273 

		

		  130,269 

		  50,573 

		    7,547 

		  79,447 

		  131,417 

		

		  40,436 



		    1,200 

		  44,163 

		  43,883 

		  25,585 

		  136,219 

		

		  111,240 

		    97,350 

		  21,545 

		  64,143 

		

		  130,902 

		  52,882 

		    6,392 

		  76,458 

		  137,933 

		

		  44,169 



		    1,316 

		  41,843 

		  43,538 

		  24,808 

		  132,548 

		

		  108,027 

		    90,600 

		  21,011 

		  64,097 

		

		  130,545 

		  53,373 

		    5,986 

		  74,905 

		  139,413 

		

		  45,789 



		    1,400 

		  40,408 

		  43,445 

		  24,297 

		  132,093 

		

		  105,572 

		    86,563 

		  20,643 

		  63,942 

		

		  130,113 

		  53,231 

		    5,784 

		  74,046 

		  138,489 

		

		  46,663 



		    1,600 

		  37,170 

		  42,930 

		  23,182 

		  129,508 

		

		    99,586 

		    78,184 

		  19,797 

		  63,327 

		

		  128,486 

		  52,002 

		    5,466 

		  70,740 

		  132,685 

		

		  48,002 



		    1,800 

		  34,413 

		  41,878 

		  22,217 

		  123,865 

		

		    96,043 

		    71,406 

		  18,718 

		  60,656 

		

		  126,046 

		  50,291 

		    5,045 

		  67,381 

		  128,363 

		

		  48,785 



		    2,000 

		  32,193 

		  40,404 

		  21,397 

		  117,154 

		

		    92,284 

		    65,744 

		  17,305 

		  57,291 

		

		  122,996 

		  48,484 

		    4,407 

		  64,188 

		  123,105 

		

		  49,208 



		    3,000 

		  25,826 

		  33,611 

		  19,213 

		    90,874 

		

		    70,993 

		    44,282 

		  11,819 

		  48,939 

		

		  106,887 

		  40,673 

		    2,905 

		  51,950 

		  108,354 

		

		  44,281 



		    4,000 

		  21,443 

		  29,182 

		  17,909 

		    75,978 

		

		    54,960 

		    30,231 

		    8,370 

		  41,916 

		

		    94,320 

		  32,423 

		    1,902 

		  44,651 

		    93,058 

		

		  40,737 



		    5,000 

		  17,560 

		  26,545 

		  16,954 

		    70,833 

		

		    47,598 

		    22,563 

		    7,329 

		  37,075 

		

		    84,295 

		  21,637 

		    1,367 

		  39,383 

		    74,315 

		

		  38,913 



		    6,000 

		  14,718 

		  25,088 

		  16,190 

		    71,485 

		

		    44,820 

		    18,266 

		    6,984 

		  33,161 

		

		    76,460 

		  15,187 

		    1,061 

		  35,961 

		    63,060 

		

		  35,785 



		    7,000 

		  12,993 

		  24,159 

		  15,509 

		    70,129 

		

		    43,973 

		    20,010 

		    6,487 

		  30,790 

		

		    70,435 

		    9,548 

		    1,145 

		  33,792 

		    53,676 

		

		  33,320 



		    8,000 

		  12,683 

		  22,874 

		  15,515 

		    71,876 

		

		    44,551 

		    48,548 

		    6,054 

		  28,021 

		

		    66,211 

		    7,972 

		    2,376 

		  32,311 

		    50,691 

		

		  30,761 



		    9,000 

		  14,324 

		  21,271 

		  16,168 

		    75,855 

		

		    43,206 

		    73,890 

		    5,767 

		  26,814 

		

		    64,419 

		    8,880 

		    4,552 

		  32,101 

		    49,575 

		

		  28,551 



		  10,000 

		  16,634 

		  19,232 

		  17,257 

		    80,652 

		

		    41,202 

		    92,265 

		    5,745 

		  26,201 

		

		    65,704 

		  10,083 

		    7,398 

		  33,106 

		    50,847 

		

		  27,378 



		  14,000 

		  34,334 

		  12,846 

		  23,532 

		  122,451 

		

		    49,200 

		  127,116 

		  24,923 

		  23,743 

		

		    90,405 

		    5,495 

		  19,595 

		  47,581 

		    61,745 

		

		  27,464 



		  16,000 

		  47,562 

		  14,930 

		  26,315 

		  143,635 

		

		    71,528 

		  129,248 

		  34,874 

		  28,055 

		

		  105,429 

		    2,324 

		  17,845 

		  50,672 

		    66,916 

		

		  28,492 



		  20,000 

		  70,615 

		  22,959 

		  28,144 

		  168,840 

		

		  106,014 

		  128,772 

		  37,628 

		  43,284 

		

		  117,750 

		       100 

		  10,675 

		  49,506 

		  103,134 

		

		  27,128 







Message

Good afternoon all,
 
Attached for your records is the Turbine Aeration Study Plan to be carried out the week of September 
24th.  It appears everything is on schedule with respect for resealing Unit 2 and that work should be 
concluded in the coming weeks.  The Study will require closing turbine vents for short 
periods which will result in depressed dissolved oxygen concentrations in the lower Saluda River. 
While we do not anticipate any fish kills, the potential does exist and your agencies may receive calls 
in the event a fish kill does occur. Hopefully, the study will go smoothly and we can limit low DO 
exposure times for aquatic organisms.       
 
Robert Yanity with SCE&G will be putting out a press release informing the general public of these 
upcoming testing efforts. 
 
Should you have any questions, please let me know.
 
regards,
Alan
 
Alan Stuart  
Senior Licensing Coordinator  
Kleinschmidt Energy and Water Resources  
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077  
Cell 803.640.8765 

http://owa.kleinschmidtusa.com/public/Jobs/455/455...0Turbine%20Aeration%20Plan-310436640.EML?Cmd=open [5/20/2008 1:30:05 PM]



From: Jim Ruane
To: Mark Giffin; 
cc: Alan Stuart; Alison Guth; 
Subject: Fw: Water Quality TWC - Draft Report on Striped Bass Habitat Modeling
Date: Wednesday, December 12, 2007 9:39:21 AM
Attachments: Lake Murray W2 applications Report-Draft 12-03-07-stuart rev.doc 

Hi Mark
 
Please see the attached report on the W2 model applications for Lake Murray.
 
Let me know if you need additional information or have questions.
 
Thanks, Jim
 
Richard J. Ruane, Reservoir Environmental Mgt., Inc. 
900 Vine Street    Suite 5 
Chattanooga, TN 37403 
423-265-5820;  cell: 423-605-5820; Fax: 423-266-5217;  jim@chatt.net 

From: Alan Stuart [mailto:Alan.Stuart@KleinschmidtUSA.com]  
Sent: Monday, December 03, 2007 11:15 AM 
To: ARGENTIERI, WILLIAM R; Jennifer Hand; Tom Brooks; Amanda Hill; 
Andy Miller; Daniel Tufford; Gerrit Jobsis (American Rivers); Gina Kirkland; 
Jim Glover; Jim Ruane ; turnerle@dhec.sc.gov; RMAHAN@scana.com; 
rbull@davisfloyd.com; Richard Kidder; Ron Ahle; Roy Parker; Shane Boring; 
BOWLES, THOMAS M 
Subject: Water Quality TWC - Draft Report on Striped Bass Habitat 
Modeling
 
Good morning,
 
Attached is the draft report prepared by Jim Ruane and Andy Sawyer on the 
effects of Unit 5 operation and striped bass habitat availability in Lake 
Murray.  This report consolidates the efforts of and provides TWC 
recommendations on operational scenarios which may increase striped bass 
habitat in Lake Murray.  These recommendations reflect the discussions had 
during our November 6, 2007 TWC meeting.
 
Please review the document and provide comments by December 27, 2007. 
 
Thank you all for your continued hard work in the relicensing of the Saluda 

mailto:jimruane@comcast.net
mailto:giffinMa@dhec.sc.gov
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alan Stuart
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alison.Guth
mailto:jim@chatt.net
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84Figure 5-8.  DO Profiles from the Little Saluda Embayment Km 2



84Figure 5-9.  DO Profiles from the Little Saluda Embayment Km 0



85Figure 5-10.  DO profiles on main branch, 26 km upstream of dam (near Rocky Creek)



85Figure 5-11.  Comparison between November and Jan-April inflows to Lake Murray from Chappells.  When November inflows are greater than 1200 cfs, the Jan-April inflows are sufficient to fill Lake Murray from elevation 350 to 358 93% of the time.






1. Introduction

Background on Development of the Model:  A CE-QUAL-W2 model was developed on Lake Murray (Sawyer and Ruane, 2006) to address several water quality issues associated with Lake Murray that are being considered for the relicensing process:


· low DO and temperature in the releases from Saluda Hydro,


· restrictions for operating Unit 5 due to impact to coolwater fisheries,


· reduced striped bass habitat in the lake due to low DO in the regions of the lake where their temperature preferences occur, and


· the effects of revising the pool level management policy.   


The CE-QUAL-W2 model is a two-dimensional water quality model that simulates the effects of inflow water quality and reservoir operations on in-lake water quality as well as the releases from the lake.  This model was developed using all available water quality data collected by SCDHEC and SCE&G on Lake Murray and its inflows, as well as using external comparisons of water quality at other projects similar to Lake Murray.


The objectives of the modeling effort were the following:


· To assess the benefits of reduction in nutrient loading from the watershed to DO levels in the releases from Saluda Hydro – determine how much DO would increase in the releases from Saluda Hydro after nutrient controls are implemented in the watershed.


· To assess the benefits of reduction in nutrient loading from the watershed to DO levels in Lake Murray – determine how much DO would increase in the metalimnion of the lake so that habitat would increase for coolwater fish species, including blue-back herring and striped bass.


· To assess the effects of operations of Unit 5 on habitat for fish in Lake Murray and releases from Saluda Hydro.

· To investigate the causes of fish kills that might be related to operations of Saluda Hydro 


The model calibration approach involved an intensive reconciliation process to develop a robust model that considered: 


· The objectives and scope of the model; 


· All available data;


· Model settings, rates, and coefficients recommended in model manuals and other literature sources; 


· Approaches recommended in the user manuals for the model used;


· Ensuring model integrity for representing the Lake Murray ecosystem.  Model integrity with the ecosystem was accomplished by ensuring that the model was representative of data and other information on organic matter (dissolved and particulate, labile and refractory) in the system, phosphorus and nitrogen concentrations, algal levels, pH, and alkalinity. 


The model was calibrated and tested using several simulation scenarios and the following provides a summary:


· The model is well-calibrated for temperature and DO, especially for the main body of the lake, i.e., the first 20-25 km upstream from the dam.


· Phosphorus and Chlorophyll a concentrations are well-calibrated throughout the main body of the lake.

· The model is well-suited for addressing the following objectives:  DO and temperature in the releases from Saluda Hydro; DO and temperature in the metalimnion which is the habitat for blue-back herring and striped bass; and algal levels in the upper regions of the lake.


· The Lake Murray W2 model is limited in scope to the calibrated water quality constituents in the lake and the effects of its direct inflows from the Saluda River, Little Saluda River, Bush River, and other smaller tributaries.  It simulates the effects of temperature, DO, nutrients, organic matter, and other constituents discussed above in these inflows.  It was specifically calibrated for the objectives stated above.


The model was used to predict water quality in Lake Murray and its releases assuming that phosphorus was reduced so that inflows had the maximum phosphorus concentrations that complied with SCDHEC lake criteria (Sawyer and Ruane, 2006).  If TP in the inflowing rivers and creeks to Lake Murray were reduced to the criteria set for lakes by SCDHEC, they would be among the cleanest 30% of the hydropower reservoirs reported in a recent EPA study.  


The results of the model runs using the assumed nutrient reductions showed that DO would improve significantly in the releases from Saluda Hydro—especially if special pool level draw downs can be shifted to other times of the year beyond the low DO period.  The results also showed restrictions for operating Unit 5 due to current concerns about striped bass habitat and entrainment of blueback herring would be eliminated.  In addition, the model results showed that trophic status in Lake Murray would improve significantly.  By inference, the problem with low DO in the inflow regions of the lake and the issue regarding low pH in the releases from Saluda Hydro would be significantly improved or eliminated.  


Relicensing Issues Identified by the Water Quality Technical Working Committee (TWC):  The TWC identified the following issues to be addressed using the CE-QUAL-W2 model:


· The causes of striped bass fish kills reported in previous years, especially factors related to Saluda Hydro operations, i.e., pool level management for Lake Murray, Unit 5 operations versus operations of Units 1-4.  


· Determination of operational changes that might increase habitat in Lake Murray for striped bass and blue-back herring


· In evaluating these issues and exploring potential operational changes, track any potential impacts that could occur to the tailwater cold-water fishery

The following factors were considered in addressing these issues:


· Annual flow regimes


· Pool level management 


· Unit 5 operations


· Lake Murray and Saluda Hydro release water quality data


· Lake Murray habitat for striped bass and blue-back herring


· Water quality, meteorological, and operations data over the period 1990-2005


· Emphasis was placed on Lake Murray from Blacks Bridge to Saluda Dam

Several committee members hypothesized that there may be a correlation between fish kills and lower than normal DO levels in Lake Murray that may be attributed to higher than normal inflows from the Saluda River.  This hypothesis as well as the effects of Saluda Hydro operations on fish habitat were investigated by analyzing available data as well as using the CE-QUAL-W2 model to investigate the causes of impacts to fisheries.


SCDNR requested that the following operating strategy be considered: preferentially operate Unit 5 during high DO months to preserve cold water in the bottom layers of the lake and perhaps keep DO higher in the metalimnion to maintain DO in the water column, but track potential increases of temperature in the releases to avoid impacting the coldwater fishery. 

Plan for Using CE-QUAL-W2 to Address the Water Quality TWC Relicensing Issues:  The following subtasks were conducted to address the above issues.


1. Summarized and analyzed water quality, meteorological, flow, and operations data for the period of study, 1990-2005, to detect patterns that indicate correlation between these factors.  Prepare graphs detailing Lake Murray surface elevation, average annual flow, cumulative inflow/outflow, forebay temperature and DO profiles.


2. Set up CE-QUAL-W2 for the years when major striped bass fish kills occurred.  The model had already been calibrated 1992, 1996, and 1997.  To address the causes of the major fish kills, the model was also set up for 1991, 1998, 2000, 2001, and 2005).  


3. To address the causes for the major fish kills, selected model years were run to identify the causes that apparently contributed to the fish kills, i.e., antecedent conditions that might have led up to the fish kills occurring.  All these runs were made using existing nutrient conditions.  A range of habitat criteria were considered, i.e., for temperature and DO conditions, to account for the uncertainty in these ranges.  After apparent causes are identified for each fish kill, they were examined/evaluated using the models and data for other years to verify that these causes were logical, sensible, and valid.  This process was intended to provide confidence in the results of the diagnosis of the cause(s) of the fish kills.


4. For the determined causes, the models for selected years were used to explore ways to avoid such fish kills in the future.  The potential solutions included changes in Saluda Hydro operations (i.e., pool level management, operations of Unit 5 compared to the other units) and nutrient reductions.   

Plan to address the effects on water quality and fish habitat of holding pool levels more level each year, e.g., minimum pool raised to elevation 354 ft above MSL:  As part of the relicensing process, SCE&G is considering raising the minimum pool elevation.  This could affect water quality and fish habitat.  Over the period of study (1990-2005), fish kills have occurred more frequently (i.e., two-thirds of the years with major fish kills) in years when the minimum pool elevation was at or near elevation 354 msl.  


The CE-QUAL-W2 model was used to evaluate dropping the winter minimum pool elevation to 350 and 354 ft msl to determine the effects on release water quality and fish habitat.  The model was setup for wet years, normal years, and low flow years to see how water quality was affected by setting the minimum pool elevation to that being evaluated by SCE&G.  The evaluation assessed striped bass habitat and temperature and DO in the releases.  The evaluation also determined how much longer it would take for the lake to mix at the end of the stratification period.  Concern was expressed that the lake might not mix until December or January and low DO in the release would occur for this extended period.

One factor that also was assessed was the potential impact of SOD (sediment oxygen demand) increasing up to levels seen at other projects in the SE USA.  This was supported by seasonal SOD dynamics measured at Douglas Reservoir (TVA).

Another impact on water quality that was expected to occur due to changing the minimum winter pool level was in the Little Saluda River embayment, especially upstream from the bridge on SC Hwy 391.  This is a relatively large embayment with a small watershed; therefore, the residence time of water in this embayment is relatively long.  If minimum pool elevation is raised, there might be less water exchange between this embayment and the main body of Lake Murray.  This would lead to increased “internal cycling” of nutrients in this embayment to the point that it may become insensitive to nutrient loads from the watershed because the release of nutrients in the sediments of the embayment could be sufficient to support eutrophic conditions in the embayment.  In some cases this condition can lead to the formation of algal mats on the water, and these mats of algae are known to significantly affect water quality and water uses.  To assess this potential water quality problem, the model was used to assess the changes that might occur in the embayment.

2. Causes of Fish Kills

To better understand why fish kills occurred in some years and not others, the following parameters were analyzed: hydrology (inflow and outflow), lake levels, and meteorology.  The reported fish kills are presented in Table 2-1, which is a summary of information provided by Reed Bull, Midlands Striper Club.  This complete summary as well as a summary written by Ron Ahle, SCDNR are in Appendix 1 and 2, respectively.

Figures 2-1 through 2-3 show the pool elevations for the years 1990 through 2005. Figures 2-2 and 2-3 show the same data but the years in which fish kills occurred indicated by the red lines and the other years are indicated by blue lines.  There were no apparent correlations between those years with fish kills and the main considerations for pool levels: winter minimum pool elevation, summer pool level, and special drawdown conditions.


Figures 2-4 through 2-9 show the cumulative outflows from Lake Murray for individual years.  These results indicate that outflows vary significantly from year to year.  Figures 2-5, -7, and -9 show that fish kills occurred when cumulative flows were high, especially for the months March through June.  


Temperature and DO profiles of data from the forebay of Lake Murray and longitudinal plots of temperature and DO in the reservoir (see Figures 2-10 through 2-23) show that these variables are correlated with flows through the reservoir, i.e., in years with higher flows the temperature increases more rapidly and DO decreases more rapidly at the depths where striped bass habitat occurs.  Striper habitat is generally confined to those areas where temperature is less than about 27 oC and the DO is greater than about 2 mg/L. 

Met data were also analyzed, but there were no apparent correlation with fish kills (see Figure 2-24 through 2-28).


Based on this analysis of the data, the following preliminary findings were developed: 


· High inflows and associated outflows, especially during March-June, are the primary cause for fish kills


· Higher outflows cause the bottom of the lake to warm, and lower DO levels are associated with this warmer water 


· As a result, striped bass habitat is reduced more significantly during years with high inflows and outflows for Lake Murray, especially over the period March-June.
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Table 2-1.  Summary of Striped Bass Die-off Events, 1971-2005
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Figure 2-1.  1990-2005 Lake Murray Surface Elevation-Plotted by Julian Day
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Figure 2-2.  1990-2005 Lake Murray Surface Elevation-Plotted by Date
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Figure 2-3.  1990-2005 Lake Murray Surface Elevation with Fish Kill Years in Red
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Figure 2-4.  Lake Murray Cumulative Outflow – January-December
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Figure 2-5.  Lake Murray Cumulative Outflow – January-December with Fish Kill Years in Red
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Figure 2-6.  Figure 2-4.  Lake Murray Cumulative Outflow – March - September
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Figure 2-7.  Lake Murray Cumulative Outflow – March-September with Fish Kill Years in Red
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Figure 2-8.  Lake Murray Outflow Frequency – March - June
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Figure 2-9.  Lake Murray Outflow Frequency – March – June with Fish Kill Years in Red
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Figure 2-10.  Lake Murray July Temperature Profiles, 1990-2005
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Figure 2-11.  Lake Murray July Temperature Profiles, 1990-2005 - with Fish Kill Years in Red
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Figure 2-12.  Lake Murray August Temperature Profiles, 1990-2005
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Figure 2-13.  Lake Murray August Temperature Profiles, 1990-2005 - with Fish Kill Years in Red
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Figure 2-14.  Lake Murray September Temperature Profiles, 1990-2005
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Figure 2-15.  Lake Murray July DO Profiles, 1990-2005
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Figure 2-16.  Lake Murray July DO Profiles, 1990-2005 - with Fish Kill Years in Red
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Figure 2-17.  Lake Murray August DO Profiles, 1990-2005
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Figure 2-18.  Lake Murray August DO Profiles, 1990-2005 - with Fish Kill Years in Red
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Figure 2-19.  Lake Murray September DO Profiles, 1990-2005
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Figure 2-20.  Lake Murray September DO Profiles, 1990-2005 - with Fish Kill Years in Red
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Figure 2-21.  Lake Murray July Longitudinal Contour Plots
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Figure 2-22.  Lake Murray August Longitudinal Contour Plots
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Figure 2-23.  Lake Murray September Longitudinal Contour Plots
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Figure 2-24.  Columbia Air Temperature, 1990-2005
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Figure 2-25.  Columbia 7-day Average Air Temperature, 1990-2005


[image: image27]

Figure 2-26.  Columbia 14-day Average Air Temperature, 1990-2005
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Figure 2-27.  Columbia 14-day Average Air Temperature, 1990-2005
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Figure 2-28.  Columbia Wind Speed Data, 1990-2005

3. Model Calibrations for Each Year

The model was originally calibrated for 1992, 1996 and 1997.  These calibrations were discussed and summarized in a 2006 report (Sawyer and Ruane, 2006).  When it was decided to use the model to assess factors that might impact striper habitat, the model calibrated to additional years.  The additional years for which the model was calibrated included 1991, 1998, 2000, 2001 and 2005.  Of these years, there were documented fish kills in 1991, 1998 and 2005.  The calibrations for these additional years are presented in Appendix 3.

During the original calibration process (1992, 1996 and 1997) many of the model inputs, including the coefficients, were adjusted to improve the calibrations for each year, resulting in different coefficients for different years.  However, as the reconciliation process continued the differences in model settings for the different years converged and in the end were reconciled such that zero-order SOD and wind sheltering coefficient were the only variables that needed to be varied each year.  Another adjustment that was made was in the winter-time dew-point temperature.

To evaluate how well the model simulated the observed temperature and DO profiles, two descriptive statistics were used.  One statistic used was the absolute mean error (AME) which is the sum of the differences between the observed and predicted values divided by the number of pairs compared.  The AME indicates how far, on the average, computed values are from observed values (Cole and Tillman, 2001).  The second statistic used was the root mean square error (RMS). The RMS indicates that 67% of the model results versus observed data are within the value of the RMS.


4. Model Applications


Striped Bass Habitat Criteria

Striped bass habitat suitability has been defined by using three types of habitat:  optimal, suboptimal and unsuitable (Crance, 1984, as referenced by Schaffler, Isely and Hayes, 2002).  Optimal habitat is defined as temperatures between 18.0 and 24.0 oC and DO concentrations exceeding 5.0 mg/L.  Suboptimal habitat is defined as temperatures between 12.0 and 18.0 oC or between 24.0 and 30.0 oC and DO concentrations of 2.5 to 5.0 mg/L.  Unsuitable habitat is defined as water having temperatures warmer than 30 oC or DO concentrations less than 2.5 mg/L.

These criteria were considered for all modeled years using current conditions (i.e., pool elevations, nutrient loads, and unit operations); and as shown in Figure 4-1, optimal habitat as defined by Crance is not available in Lake Murray generally during the months July through September.  Figure 4-2 shows available habitat for temperature less than 27 oC and DO greater than 2.5 mg/L. These criteria were developed for Lake Murray using a reconciliation process considering fish kills listed in Table 2-1 and the model results for each year. Figure 4-3 shows available habitat for temperature less 30 oC and DO greater than 2.5 mg/L, indicating considerably greater habitat than would be consistent with the observed fish kills.  Therefore the criteria used for the rest of the modeling applications for Lake Murray were temperature less than 27 oC and DO greater than 2.5 mg/L.

Pool Level Management


The first consideration for modeling was the effects of changing the pool level operations for Lake Murray.  The pool levels considered for model evaluations were 358’ during the months May through August with minimum winter pools at 350’ and 354’.  The following scenarios were modeled:


· 354’ (Jan1) to 358(May1(Sept1) to 354 (Dec 31)


· 350’ (Jan1) to 358(May1(Sept1) to 350 (Dec 31)


Assumptions:


· Assumed 500 cfs for minimum release


· Assumed reserve generation averaged 3hr every two weeks at 18,000 cfs


· Balance of releases were assumed to be used to supplement system demand.

Approach:


· The above scenarios were developed by KA using daily average flows using HEC-ResSim.

· CE-QUAL-W2 was run using daily average flows and release flows were adjusted so that target pool levels were attained.

· Using the daily average flows that were adjusted using the CE-QUAL-W2 model, the hourly flows for each day were developed using the assumptions above.

The results of the model runs for the pool level alternatives are presented as follows:


· for the pool level elevations, Figures 4-4 through 4-11, 

· for the zone volume plots for striped bass habitat, Figures 4-12 through 4-19, 

· for temperature in the releases, Figures 4-20 through 4-27, and 

· for DO in the releases, Figures 4-28 through 4-35.

These results showed the following:


· Pool level elevations attained during the summer months were affected by the minimum winter pool elevation being at 350’ in the two low flow years (2000 and 2001), but this was caused by water releases at Saluda Hydro being in excess of that needed for minimum releases and reserve generation for the two cases for winter pool elevations.  If the releases from the lake had been reduced to minimum flows and reserve generation, the pool level would have been raised to 358’±.  [Note: in 2001, about 47,000 ac-ft of excess water was released in January; in 2000, about 92,000 ac-ft of excess water was released in January.  Each foot of water between elevation 354’ and 358’ contains about 47,000 ac-ft of water.]

· The volume of striped bass habitat was increased for the years 1992, 1996, and 1998.  The volume increased marginally between the winter minimum pool levels for 2000, but this increase would not have occurred if the releases from the lake had been reduced to minimum flows to allow the pool level to rise to 358’.

· The temperature of the releases was cooler for the years 1991, 1992, 1996, 1997, and 1998.  Temperature was not cooler for the low flow years.  It was not cooler for 2005 because the base case for 2005 already involved maintaining a higher pool level during the summer.


· The DO in the releases was similar for all the years modeled except the occurrence of the low DO lagged in time for the years 1991 through 1998.


Unit 5 Operations


The second consideration for modeling was the effects of changing the unit preference for operations from the current operating procedure to one where Unit 5 is the preferred first unit for operation. The current procedure and the alternative procedure were modeled as follows:

· Unit operations for the current procedure for all modeled years:


· Units 1, 3 and 4 – Q < 9,600 cfs


· Unit 5 – 9,600 < Q < 15,600 cfs


· Unit 2 – Q > 15,600 cfs


· For the case where Unit 5 is operated first (for Q < 6,000 cfs), water is not released from Units 1-4 until release flow from Saluda Hydro exceeds 6000 cfs. 


When Unit 5 is operated first, cooler water on the bottom of the lake is conserved leading to the availability of striper habitat improving in some years, and temperature in the releases being cooler in most years except low flow years.

The benefits to striped bass habitat by operating Unit 5 preferentially are shown in Figures 4-36 through 4-43.  These figures show that habitat increased in 1997 (about 18 days of improvement to avoid near-zero model-derived striped bass habitat) and 1998 (about 10 days of improvement to avoid near-zero model-derived striped bass habitat), and did not decrease in any of the other years.  It should be noted that striped bass habitat was depleted in 2005 even though the pool level was near 358’ most of the summer and Unit 5 was used much of this year.  The probable explanation for this occurring in 2005 is that March through June flows through the reservoir were high, in fact the June flows were twice the normal flow recorded over the period 1989 through 2005.  Also, the DO in the hypolimnion in July was the lowest recorded by SEC&G (see figures 2-14). 


Tailwater Temperature Considerations

Concern was expressed by the TWC that operation of Unit 5 preferentially would impact the temperature of the tailwater.  There was considerable discussion about balancing the use of Unit 5 preferentially versus Units 1-4 preferentially considering the benefits to striped bass habitat in the lake and coolwater for the tailwater fishery, especially considering the warming of the tailwater as the river flows downstream.  Also, the group raised the question as to whether it would be best to use temperature criteria to trigger preferential unit operations or a set date each year.

REMI was asked to develop a proposed unit operations protocol that accounted for the balancing of these considerations.  To develop these recommendations, the following information was considered:


· The increase in temperature in the tailwater under the range of unit flow conditions as well as the month of the year, i.e., temperature increases during May thru Sept versus in October and versus in November.  

· The release temperature and it's variation between U5 and U1-4 over the course of the year as well as between years 


· Balancing the timing of the Unit 5 shift to Units 1-4 for minimum flows in May-July with the increased temperatures in the releases in September due to the consumption of the coolwater over the course of the summer 


· Striper habitat benefiting from preserving cool bottom waters by releasing water through Unit 5

· The range of hydrologic conditions: wet years, dry years, normal years 


· DO in the releases from U5 in late October and November.  DO increases in the releases from Unit 5 about one month before DO increases in Units 1-4, so it's advantageous to use Unit 5 to the extent practical during this last month of the low DO period.


The temperature increase in the tailwater was determined by using the USGS monitors in the tailrace and the river downstream near the mouth (i.e., gage numbers 02168504 and 02169000).  Table 4-1 summarizes the determinations of the temperature increases at different operating levels at Saluda Hydro for the specified months.  Temperature increases in November were insignificant.

Table 4-1.  Temperature increases in the tailwater between Saluda Hydro and the USGS monitor at Columbia.

		Generation levels and months of operation

		Mean temperature increase, oC

		Mean temperature increase + 2*Std Deviation, oC



		Less than 1000 cfs, May-Sept 

		3.2

		6.4



		2500-3000 cfs, May-Sept

		1.3

		2.9



		5000-6000 cfs, May-Sept

		1.0

		2.0



		

		

		



		2500-6000 cfs, Oct

		0.7

		1.5





Release temperatures were reviewed for current conditions as well as the modeled conditions discussed in the previous two sections dealing with the effects of maintaining pool levels near 358’ over the months May through August and giving preference to Unit 5 operations to preserve coolwater on the bottom of the lake.  This review combined with the analysis of the temperature increase in the tailwater indicated that the desired maximum temperature for the releases from Saluda Hydro would be about 14 oC.  However, when this level was considered for a trigger for switching from Unit 5 preference to a Unit 1-4 preference, the model results on the release temperatures indicated that in several years the trigger dates would be in May (1991, 1997) or early June (1998, 2005) and cause the temperatures of the releases to be warmer than desired in late summer, i.e., 16 to 17 oC in mid-September.  Therefore, a trigger of 15 oC was considered to attain cooler water in late August and September.  Unfortunately, in some years the 15 oC level did not occur until late summer (1992, 1996, and 2000) and temperature of the minimum releases in these years was between 14 and 15 oC for about two months.  After attempting to balance these trigger temperatures over the eight modeled years, it became evident that it was best to select a date that would attain the best balance of all factors considered, including considering meteorology combined with minimum flows.  Beyond these factors two additional considerations entered the reasoning for selecting a date rather than a target temperature: 1) minimum flow maintenance in the future will result in minimum flows occurring a higher frequency of time; and 2) aeration of minimum flows sometimes starts in mid-June and Units 1, 3, and 4 are used for aerating the releases of minimum flows. Therefore, the date June 15 was selected for model exploration for all eight of the modeled years.

The following unit operations protocol was selected and evaluated using the model runs: 


For minimum flows, use units 1, 3, or 4 June 15 thru Dec 1 (because they aerate at 500 cfs, and this provides the coolest water for the period when the tailwater heats the flow in the river down to the mouth) and U5 for Dec 1 to June 15 (this conserves the cool water in the bottom of the lake for releases to the tailwater during the summer and increases Striper habitat, too.)  Using the units 1, 3, or 4 starting June 15 was recommended because starting earlier resulted in warmer releases in Sept and starting later caused warmer water in the releases.  Triggers at 14 C and 15 C were considered, but neither worked well over the range of hydrologic conditions at Saluda.  During the warmest months of the year (mainly June thru September), the temperature of the tailwater can increase over 6 oC by the time it reaches the USGS gage at Columbia.  The average increase in temperature at minimum flow is 3.2 C.  While these conditions will result in temperature > 20 for brief periods of time, this protocol will improve temperature over current conditions.  Also, data collected in recent years in coldwater fish rivers in Northern states like MI and PA as well as in the natural trout streams and rivers in the Smoky Mountains all show temperature conditions exceeding 20 oC for brief periods. 


For generation flows (i.e., flows > minimum flow), use Unit 5 preferentially for 11 months of the year: November 1 until October 1 of the following year, and use units 1-4 preferentially in October.  Using Unit 5 preferentially for generation conserves cool water in the bottom of the lake for minimum flows during the warmest months and for striper habitat.  Release temperatures during generation do not warm as much as minimum flows.  Releases at 2500-3000 cfs normally increase in temperature by 1.3 oC and can increase by 3 oC on rare occasions.  Releases at 5000-6000 cfs normally increase in temp by 1.0 oC and can increase by 2 oC on rare occasions.  October is consistently the month each year when the releases from Saluda are the warmest, so it's best to release water from one of the units drawing water from the bottom of the lake.


The results of the model runs using this protocol for unit operations are presented in Figures 4-44 through 4-74, and included in these figures are the following:

· for time-series of temperature and frequency plots, Figures 4-44 through 4-59, 


· for DO in the releases, Figures 4-60 through 4-67, and

· for the zone volume plots for striped bass habitat, Figures 4-68 through 4-75.


These results of using the proposed unit operations protocol showed the following:


· Temperature in the releases was improved for all years, compared to other unit operational procedures.  The temperature at the 5 to 20% levels of exceedence frequency was usually cooler, and at the 80% levels of exceedence frequency was usually warmer.  This characteristic for temperature exposure for fish is best for trout fish growth rates.  The maximum temperatures for the proposed protocol were usually about the same as the next-best alternatives for this consideration, but temperature results for near-maximum levels was much better for the proposed protocol.

· The proposed protocol for unit operations for minimum flows and generation flows had very little or no effect on striped bass habitat enhancements achieved previously by increasing summer pool levels and using Unit 5 preferentially for 1991, 1992, 1996, 2000, 2001, and 2005.  For 1997 and 1998, striped bass habitat was marginally impacted by the proposed protocol for unit operations for minimum flows and generation flows, and the impacts were considerably less than the improvements provided by the higher target summer pool level and Unit 5 preferential operations in the months preceding June 15.   

Considerations for Meteorology


The TWC raised a number of questions about the influence of meteorology on striped bass habitat in Lake Murray.  As mentioned in section 2 of this report, meteorology data were analyzed to see if there was a relationship between meteorology and striped bass habitat, but no relationship was found.  However in sensitivity runs, it was found that in some cases, when meteorology from a year in which a fish-kill did not occur is applied to the flow from a fish-kill year, the striped bass habitat may increase.  An example of this is shown in Figure 4-76.  In this case the 1992 meteorology was applied to the 2005 flows.  With 2005 flow and meteorology the striped bass habitat is depleted around August 10, and does not return until around September 5.  However, when the 1992 meteorology is applied to these same flow conditions, some striped bass habitat remains throughout the summer.
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Figure 4-1.  Model Predicted Habitat Volume, T < 24 and DO > 5

[image: image31.emf]Zone Volume, T < 27.0 and DO > 2.5
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Figure 4-2.  Model Predicted Habitat Volume, T < 27 and DO > 2.5
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Figure 4-3.  Model Predicted Habitat Volume, T < 30 and DO > 2.5
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Figure 4-4.  1991 Lake Murray Surface Elevation
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Figure 4-5.  1992 Lake Murray Surface Elevation
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Figure 4-6.  1996 Lake Murray Surface Elevation
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Figure 4-7.  1997 Lake Murray Surface Elevation
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Figure 4-8.  1998 Lake Murray Surface Elevation
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Figure 4-9.  2000 Lake Murray Surface Elevation


[image: image39]

Figure 4-10.  2001 Lake Murray Surface Elevation
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Figure 4-11.  2005 Lake Murray Surface Elevation



[image: image41]

Figure 4-12.  1991 Lake Murray Volume of Striped Bass Habitat
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Figure 4-13.  1992 Lake Murray Volume of Striped Bass Habitat
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Figure 4-14.  1996 Lake Murray Volume of Striped Bass Habitat
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Figure 4-15.  1997 Lake Murray Volume of Striped Bass Habitat



[image: image45]

Figure 4-16.  1998 Lake Murray Volume of Striped Bass Habitat
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Figure 4-17.  2000 Lake Murray Volume of Striped Bass Habitat
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Figure 4-18.  2001 Lake Murray Volume of Striped Bass Habitat
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Figure 4-19.  2005 Lake Murray Volume of Striped Bass Habitat
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Figure 4-20.  1991 Lake Murray Discharge Temperature
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Figure 4-21.  1992 Lake Murray Discharge Temperature
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Figure 4-22.  1996 Lake Murray Discharge Temperature
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Figure 4-23.  1997 Lake Murray Discharge Temperature



[image: image53]

Figure 4-24.  1998 Lake Murray Discharge Temperature
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Figure 4-25.  2000 Lake Murray Discharge Temperature
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Figure 4-26.  2001 Lake Murray Discharge Temperature
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Figure 4-27.  2005 Lake Murray Discharge Temperature
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Figure 4-28.  1991 Lake Murray Discharge DO 
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Figure 4-29.  1992 Lake Murray Discharge DO 
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Figure 4-30.  1996 Lake Murray Discharge DO 
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Figure 4-31.  1997 Lake Murray Discharge DO 



[image: image61]

Figure 4-32.  1998 Lake Murray Discharge DO 
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Figure 4-33.  2000 Lake Murray Discharge DO 
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Figure 4-34.  2001 Lake Murray Discharge DO 
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Figure 4-35.  2005 Lake Murray Discharge DO 
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Figure 4-36.  1991 Lake Murray Striped Bass Habitat
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Figure 4-37.  1992 Lake Murray Striped Bass Habitat
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Figure 4-38.  1996 Lake Murray Striped Bass Habitat
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Figure 4-39.  1997 Lake Murray Striped Bass Habitat
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Figure 4-40.  1998 Lake Murray Striped Bass Habitat
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Figure 4-41.  2000 Lake Murray Striped Bass Habitat
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Figure 4-42.  2001 Lake Murray Striped Bass Habitat
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Figure 4-43.  2005 Lake Murray Striped Bass Habitat
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Figure 4-44.  1991 Release Temperature

[image: image74.emf]1991 Release Temperature % Exceedence.  Based on 6-hour Model Predictions
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Figure 4-45.  1991 Release Temperature Exceedence


[image: image75.emf]1992 Model Predicted Discharge Temperature


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


1/12/13/44/45/66/67/88/89/910/1011/1112/12


Date


Temperature 


o


C


Current


Elev 350 Scenario


Elev 350-U5 on first


Elev 350-U5 on first until June 15




Figure 4-46.  1992 Release Temperature
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Figure 4-47.  1992 Release Temperature Exceedence
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Figure 4-48.  1996 Release Temperature
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Figure 4-49.  1996 Release Temperature Exceedence
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Figure 4-50.  1997 Release Temperature
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Figure 4-51.  1997 Release Temperature Exceedence
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Figure 4-52.  1998 Release Temperature
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Figure 4-53.  1998 Release Temperature Exceedence
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Figure 4-54.  2000 Release Temperature
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Figure 4-55.  2000 Release Temperature Exceedence
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Figure 4-56.  2001 Release Temperature
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Figure 4-57.  2001 Release Temperature Exceedence
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Figure 4-58.  2005 Release Temperature
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Figure 4-59.  2005 Release Temperature Exceedence
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Figure 4-60.  1991 Release DO  
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Figure 4-61.  1992 Release DO  
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Figure 4-62.  1996 Release DO  
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Figure 4-63.  1997 Release DO  
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Figure 4-64.  1998 Release DO  
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Figure 4-65.  2000 Release DO  
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Figure 4-66.  2001 Release DO  
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Figure 4-67.  2005 Release DO  
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Figure 4-68.  1991 Lake Murray Striped Bass Habitat
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Figure 4-69.  1992 Lake Murray Striped Bass Habitat
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Figure 4-70.  1996 Lake Murray Striped Bass Habitat
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Figure 4-71.  1997 Lake Murray Striped Bass Habitat
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Figure 4-72.  1998 Lake Murray Striped Bass Habitat
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Figure 4-73.  2000 Lake Murray Striped Bass Habitat
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Figure 4-74.  2001 Lake Murray Striped Bass Habitat
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Figure 4-75.  2005 Lake Murray Striped Bass Habitat
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Figure 4-76.  Comparison of Striped Bass Habitat Showing Sensitivity to Meteorology.  The red line is 2005 Actual (2005 flow and meteorology) and the blue line is 2005 flows with 1992 Meteorology.

5. Minimum Winter Pool Level Considerations


As part of the relicensing process, SCE&G is considering raising the winter minimum pool elevation.  This could affect water quality and fish habitat.  Also, it is likely not needed to attain the target summer pool level of 358’.

Water quality considerations.  The CE-QUAL-W2 model was used in the previous section to evaluate dropping the winter minimum pool elevation to 350 and 354 ft msl to determine the effects on release water quality and fish habitat.  The model was setup using existing water quality settings for wet years, normal years, and low flow years to see how water quality was affected by setting the minimum pool elevation to that being evaluated by SCE&G.  The evaluation assessed striped bass habitat and temperature and DO in the releases.  The evaluation showed that there was no apparent impact of either minimum pool level to the issues on the main body of the lake.


Another impact on water quality that was expected to occur due to changing the minimum winter pool level to 354’ was in the Little Saluda River embayment, especially upstream from the bridge on SC Hwy 391.  This is a relatively large embayment with a small watershed; therefore, the residence time of water in this embayment is relatively long.  If minimum pool elevation is raised, there would be less water exchange between this embayment and the main body of Lake Murray, especially in low flow years.  This would lead to increased “internal cycling” of nutrients in this embayment to the point that it may become insensitive to nutrient loads from the watershed because the release of nutrients from the sediments of the embayment could be sufficient to support eutrophic conditions in the embayment.  One factor that also was assessed was the potential impact of SOD (sediment oxygen demand) increasing up to levels seen at other projects in the SE USA.  This was supported by seasonal SOD dynamics measured at Douglas Reservoir (TVA).  In some cases this condition can lead to the formation of algal mats on the water, and these mats of algae are known to significantly affect water quality and water uses.  To assess this potential water quality problem, the model was used to assess the changes that might occur in the embayment.  


The results of modeling water quality in the Little Saluda embayment are presented in Figures 5-1 through 5-10.  Figure 5-1 shows the model segments along the length of the embayment.  Figures 5-2 through 5-5 show the phosphorus and chlorophyll a levels at two locations in the embayment for four cases: current conditions with the minimum pool at 350’ and 354’, one case with the SOD doubled to account for an anticipated increase in organic matter if minimum pool level is set to 354’, and one case with the inflow phosphorus reduced to zero.  The plots show that phosphorus was reduced when the inflow phosphorus is reduced to zero, but this action did not dramatically reduce phosphorus in the embayment especially under summer conditions.  Under summer conditions it appears that two-thirds of the phosphorus was caused by internal phosphorus cycling.  This finding indicates that the phosphorus cycling in Little Saluda embayment is sensitive to organic matter that is formed and settles to the bottom sediments in the embayment.  It is also interesting to note for the case where phosphorus loads are reduced to zero that chlorophyll a is reduced for the early part of the summer but not for the latter part of the summer. [Note: it should be mentioned that data were insufficient to calibrate the CE-QUAL-W2 model for the Little Saluda embayment, so these model results are useful only for sensitivity analyses.]

Figures 5-6 through 5-9 show the potential effects of increased organic matter in the Little Saluda embayment on DO in the water column.  These model runs were made by increasing the SOD in the embayment as well as reducing the phosphorus inputs to zero from the local tributaries to the Little Saluda embayment.  The results indicate the DO in the embayment would be reduced primarily by the increased SOD.  Figure 5-10 shows the DO in the main body of Lake Murray at Rocky Creek and indicates that DO would be marginally impacted by the increased SOD scenario.  

There is a potential for the internal cycling of phosphorus in the Little Saluda embayment to impact SCDHEC’s TMDL considerations on the Little Saluda River embayment.

Other parts of the lake are likely to be impacted by raising the minimum pool level to elevation 354:


1. Sediments and suspended solids that enter the lake from tributaries settle and accumulate near the inflow region to the lake.  Dropping the pool level periodically on a regular basis causes these sediments to be resuspended and redeposited to deeper locations in the lake where they do little harm.


2. Dropping the pool level also causes aquatic plants to be killed or “die back” by freezing conditions.  Exposure of plants to dry and freezing conditions causes plants to be reduced.  This process is likely controlling weeds in Lake Murray to some extent, especially in the Little Saluda embayment.

3. Raising the pool level causes sediments to accumulate where aquatic weeds can grow and take root.  After they establish roots, the plants cause even more sediment to accumulate.  Once such sediment complexes get established, normal periodic scouring action (i.e., scouring flows every few years like every other year or annually) is not sufficient to re-suspend these sediments.  So in some ways this is practically an irreversible impact.


4. The phenomena of sediment accumulation in reservoirs at their inflow areas is a complex process dependent on many factors: watershed size, land uses in watershed, hydrology of watershed, types of soil, frequency of high runoff, location within/without channel (velocity, erosion is important), and minimum pool level.  The frequency/duration of minimum pool level occurring increases opportunity for sediment to be moved to lower depths of the lake and avoid build up that is difficult to be moved.

Hydrologic and Reservoir Operations Assessment to develop recommended minimum pool operations policy.  Available inflow data and reservoir operations data were evaluated to determine current practices and hydrologic characteristics.  Table 5-1 summarizes inflow data for the period 1927 through 2007 and reservoir operations data for the period 1980 through 2007.  To protect water quality concerning the operating policy for the minimum winter pool level, it is recommended that the current practices be reviewed so that the frequency of dropping the pool level down to 350’ can be continued without impacting the objectives of those who wish to set the minimum winter pool level at 354’.  

Following are the results of the assessment and recommendations for the winter minimum pool level policy:


1. Based on data for 1980 through 2007 (excluding 2003 and 2004), the winter pool level was down to about 350 ± 2’ about half the time (i.e., 13 of 26 years as shown in Table 5-1).  It would be best to maintain this frequency of drawing the lake down to this level each year or risk poorer water quality (sediment accumulation, weeds, increased nutrient cycling from the sediments especially in embayments, and greater potential TMDL designation by DHEC that could lead to very expensive sediment treatments) compared to current conditions.  


2. The data in Table 5-1 indicate that maintaining this frequency of drawing the lake down to this level for an average of every two years should not be difficult based on historical inflows and pool level data as well as taking advantage of using November flows to predict the years when Jan-Apr flows would likely be sufficient.


3. One interesting observation is that it appears that the minimum winter pool level has very little to do with attaining and maintaining a target summer pool level at elevation 358 ± 1’.  Over the period 1980-2007 (26 years when 2003 and 2004 are excluded), 358 ± 1’ was attained in 24 years during the months of April-June.  It appears that it is the lack of sufficient inflows during the summer period that causes the pool elevation to drop like it did in 2007 as well as in other years with low flows.


4. The months with highest average flows are Jan-April (i.e., the flow for these four months averages 77% greater flow than for the other months of the year), and based on data from 1927-2007 (81 years), only 9 years had what appeared to be “challenging” low flows that might prevent the lake from being filled to 358’; however, for the years where pool level data were available (1980-2007) there was only 1 year when the 358 ± 1’ was not attained: 2006.  During 1980-2007, there were 8 years with “challenging” low flows available to fill the pool to 358 ± 1’, but 2006 was the only year that this goal was not attained.


5. Based on data from 1927-2007, when Nov mean flows were 1200 cfs or greater at Chappells (see Figure 5-11), the Jan-Apr flows were sufficient to safely attain the 358 ± 1’ goal.  The Nov mean flow of 1200 cfs was equaled or exceeded for 41 of the 81 years of record.  Using this approach, the pool level in the winter could be dropped to 350’ on an average frequency of every 2 years.  Considering these 41 years, 3 of the years had “challenging” low flows that might prevent the lake from being filled to 358 but 2 of these years occurred during the period 1980-2007 when pool level data were available and in both of these years the 358 ± 1’ goal was attained.


6. Although there is more likelihood of having greater flows for the period Jan-Apr when flows are high for the previous Nov, the consequence of dropping the winter pool elevation to 350 every year and not attaining the 358 ± 1’ goal is not great: the estimated maximum number of years when the goal would not be attained is about 1 in 10 years, but based on experience between 1980 and 2007 it would likely be closer to 1 in 25-50 years.  Again, when the summer pool drops after the 358 ± 1’ goal is attained, it is because of low summer inflows, minimum flow provision, and high evaporation.
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Figure 5-1.  Model Segmentation for the Little Saluda River Arm of Lake Murray
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Figure 5-2.  Little Saluda Embayment Km 7.6, Total Phosphorus at the Surface
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Figure 5-3.  Little Saluda Embayment Km 7.6, Chlorophyll a at the Surface


[image: image109.png]Total phosphorus (mg/L)

2001 Litlle Saluda Embayment Km 4.7 Surface

Elev 350 Depth: 1
Elev 354 Depth: 1

Elev 354, 2x S0D Depth: 1
Elev 354, 2x 50D, No P input Depth: 1

a0

120

270 300 330






Figure 5-4.  Little Saluda Embayment Km 4.7, Total Phosphorus at the Surface
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Figure 5-5.  Little Saluda Embayment Km 4.7, Chlorophyll a at the Surface
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Figure 5-6.  DO profiles from the Little Saluda Embayment Km 7.6
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Figure 5-7.  DO profiles from the Little Saluda Embayment Km 4.7
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Figure 5-8.  DO Profiles from the Little Saluda Embayment Km 2
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Figure 5-9.  DO Profiles from the Little Saluda Embayment Km 0 
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Figure 5-10.  DO profiles on main branch, 26 km upstream of dam (near Rocky Creek) 
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Figure 5-11.  Comparison between November and Jan-April inflows to Lake Murray from Chappells.  When November inflows are greater than 1200 cfs, the Jan-April inflows are sufficient to fill Lake Murray from elevation 350 to 358 93% of the time.


Table 5-1.  Data used to develop recommended policy for winter pool level operations
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6. Conclusions 


· Nutrients loads to Lake Murray are the dominant factor, the relative quantities and/or control of which can and do have the greatest impact on striped bass habitat.

· High inflow and outflows, especially during March-June, are a primary cause for fish kills.

· Higher outflows cause the bottom of the lake to warm, and low DO levels are associated with this warmer water. 

· While flow is a dominant factor, it cannot be controlled in a manner effectively to avoid fish kills


· Meteorological conditions can affect striper habitat, but cannot be used to drive operating policies

· Model results indicate that the temperature and DO ranges of tolerable striper habitat in Lake Murray are approximately:  T < 27 oC and DO > 2.5 mg/l


· Model results show that a preferential use of Unit 5 would help to preserve cooler bottom water, resulting in improved DO and increased striper habitat in some years

· Maintaining the target summer (May – August) pool level at 358 either increases or has no effect on striped bass habitat.  Of the eight years modeled, there was noticeable improvement in the volume of striped bass habitat in four years.  The other four years showed either slight improvement or no change.  One of the years that showed no change was 2005, which stands to reason since in 2005 the pool level was held up until September 1.

· The combination of Unit 5 preferential operations and maintaining the target summer (May – August) pool level at 358 can further increase striped bass habitat.  Of the eight years modeled, there was noticeable improvement in the volume of striped bass habitat in three years.  The other five years showed either slight improvement or no change.

· The combination of Unit 5 preferential operations and maintaining the target summer (May – August) pool level at 358 can improve water quality in the releases.  There was noticeable improvement in temperature in the releases in five of the eight years that were modeled.


· Unit 5 operations after August or September do not affect striped bass habitat. 


· The following protocol for unit operations was developed: for minimum flows, use units 1, 3, or 4 June 15 thru Dec 1 and U5 for Dec 1 to June 15.  For generation flows (i.e., flows > minimum flow), use Unit 5 preferentially for 11 months of the year: November 1 until October 1 of the following year, and use Units 1-4 preferentially in October.  


· These results of using the proposed unit operations protocol showed the following:


1. Temperature in the releases was improved for all years, compared to other unit operational procedures.  The temperature at the 5 to 20% levels of exceedence frequency was usually cooler, and at the 80% levels of exceedence frequency was usually warmer.  This characteristic for temperature exposure for fish is best for trout fish growth rates.  The maximum temperatures for the proposed protocol were usually about the same as the next-best alternatives for this consideration, but temperature results for near-maximum levels was much better for the proposed protocol.


2. The proposed protocol for turbine unit operations for minimum flows and generation flows had very little or no effect on striped bass habitat enhancements achieved previously by increasing summer pool levels and using Unit 5 preferentially for 1991, 1992, 1996, 2000, 2001, and 2005.  For 1997 and 1998, striped bass habitat was marginally impacted by the proposed protocol for turbine unit operations and the impacts were considerably less than the improvements provided by the higher summer pool level and Unit 5 preferential operations in the months preceding June 15.   


· Regarding the assessment of setting the minimum winter pool level at elevation 354’, under summer conditions it appears that two-thirds of the phosphorus in the water column was caused by internal phosphorus cycling.  This finding indicates that the phosphorus cycling in Little Saluda embayment is sensitive to organic matter that is formed and settles to the bottom sediments in the embayment.  It is also interesting to note for the case where phosphorus loads are reduced to zero that chlorophyll a is reduced for the early part of the summer but not for the latter part of the summer.


· There is a potential for the internal cycling of phosphorus in the Little Saluda embayment to impact SCDHEC’s TMDL considerations on the Little Saluda River embayment.

· Other parts of the lake are likely to be impacted by raising the minimum pool level to elevation 354:


1. Sediments and suspended solids that enter the lake from tributaries, and they settle and accumulate near the inflow region to the lake.  Dropping the pool level periodically on a regular basis causes these sediments to be resuspended and redeposited to deeper locations in the lake where they do little harm.


2. Dropping the pool level also causes aquatic plants to be killed or “die back” by freezing conditions.  Exposure of plants to dry and freezing conditions causes plants to be reduced.  This process is likely controlling weeds in Lake Murray to some extent, especially in the Little Saluda embayment.

3. Raising the pool level causes sediments to accumulate where aquatic weeds can grow and take root.  After they establish roots, the plants cause even more sediment to accumulate.  Once such sediment complexes get established, normal periodic scouring action (i.e., scouring flows every few years like every other year or annually) is not sufficient to re-suspend these sediments.  So in some ways this is practically an irreversible impact.


4. The phenomena of sediment accumulation in reservoirs at their inflow areas is a complex process dependent on many factors: watershed size, land uses in watershed, hydrology of watershed, types of soil, frequency of high runoff, location within/without channel (velocity, erosion is important), and minimum pool level.  The frequency/duration of minimum pool level occurring increases opportunity for sediment to be moved to lower depths of the lake and avoid build up that is difficult to be moved.

· Regarding considerations for developing a policy for winter minimum pool levels, based on data for 1980 through 2007, the winter pool level was down to about 350 ± 2’ about half the time.  It would be best to maintain this frequency of drawing the lake down to this level each year or risk poorer water quality (sediment accumulation, weeds, increased nutrient cycling from the sediments especially in embayments, and greater potential TMDL designation by DHEC that could lead to very expensive sediment treatments) compared to current conditions.  


· Maintaining the frequency of drawing the lake down to 350’ for an average of every two years should not be difficult based on historical inflows and pool level data as well as taking advantage of using November flows to predict the years when Jan-Apr flows would likely be sufficient.


· One interesting observation is that it appears that the minimum winter pool level has very little to do with attaining and maintaining a target summer pool level at elevation 358 ± 1’.  It appears that it is the lack of sufficient inflows during the summer period that causes the pool elevation to drop like it did in 2007 as well as in other years with low flows.


· The months with highest average flows are Jan-April (i.e., the flow for these four months averages 77% greater flow than for the other months of the year), and based on data from 1927-2007 (81 years), only 9 years had what appeared to be “challenging” low flows that might prevent the lake from being filled to 358’; however, for the years where pool level data were available (1980-2007) there was only 1 year when the 358 ± 1’ was not attained: 2006.  During 1980-2007, there were 8 years with “challenging” low flows available to fill the pool to 358 ± 1’, but 2006 was the only year that this goal was not attained.


· Based on data from 1927-2007, when Nov mean flows were 1200 cfs or greater at Chappells (see Figure 5-11), the Jan-Apr flows were sufficient to safely attain the 358 ± 1’ goal.  The Nov mean flow of 1200 cfs was equaled or exceeded for 41 of the 81 years of record.  Using this approach, the pool level in the winter could be dropped to 350’ on an average frequency of every 2 years.  Considering these 41 years, 3 of the years had “challenging” low flows that might prevent the lake from being filled to 358 but 2 of these years occurred during the period 1980-2007 when pool level data were available and in both of these years the 358 ± 1’ goal was attained.


· Although there is more likelihood of having greater flows for the period Jan-Apr when flows are high for the previous Nov, the consequence of dropping the winter pool elevation to 350 every year and not attaining the 358 ± 1’ goal is not great: the estimated maximum number of years when the goal would not be attained is about 1 in 10 years, but based on experience between 1980 and 2007 it would likely be closer to 1 in 25-50 years.  Again, when the summer pool drops after the 358 ± 1’ goal is attained, it is because of low summer inflows, minimum flow provision, and high evaporation.
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[image: image135.wmf]2005 Surface Elevation
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[image: image136.wmf]2001 Surface Elevation
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[image: image137.wmf]2000 Surface Elevation
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[image: image139.wmf]2005 Model Predicted Discharge DO
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[image: image140.wmf]2001 Model Predicted Discharge DO
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[image: image141.wmf]2000 Model Predicted Discharge DO
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[image: image142.wmf]1998 Model Predicted Discharge DO
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[image: image143.wmf]2005 Model Predicted Discharge Temperature
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[image: image144.wmf]2001 Model Predicted Discharge Temperature
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[image: image145.wmf]2000 Model Predicted Discharge Temperature
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[image: image146.wmf]1998 Model Predicted Discharge Temperature
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[image: image147.wmf]2005 Zone Volume, T<27 and DO>2.5
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[image: image148.wmf]2001 Zone Volume, T<27 and DO>2.5
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[image: image149.wmf]2000 Zone Volume, T<27 and DO>2.5
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[image: image150.wmf]1998 Zone Volume, T<27 and DO>2.5
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[image: image151.wmf]1992 Zone Volume, T<27 and DO>2.5
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[image: image152.wmf]1997 Model Predicted Discharge Temperature
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[image: image153.wmf]1996 Model Predicted Discharge Temperature
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[image: image154.wmf]1992 Model Predicted Discharge Temperature
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[image: image155.wmf]1991 Model Predicted Release Temperature
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[image: image156.wmf]1997 Zone Volume, T<27 and DO>2.5
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[image: image157.wmf]1996 Zone Volume, T<27 and DO>2.5
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[image: image158.wmf]1997 Surface Elevation
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[image: image160.wmf]1992 Surface Elevation
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[image: image161.wmf]2005 Zone Volume, T<27 and DO>2.5
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[image: image162.wmf]2001 Zone Volume, T<27 and DO>2.5
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[image: image163.wmf]2000 Zone Volume, T<27 and DO>2.5
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[image: image164.wmf]1998 Zone Volume, T<27 and DO>2.5


0


200


400


600


800


1000


1200


1400


1600


1800


2000


5/1


6/1


7/2


8/2


9/2


10/3


11/3


Volume Mm3


Original Q Assumption


Elev 350 Scenario


Elev 350 Scenario-Unit 5 on first


[image: image165.wmf]1997 Zone Volume, T<27 and DO>2.5
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[image: image166.wmf]1996 Zone Volume, T<27 and DO>2.5
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[image: image167.wmf]1992 Zone Volume, T<27 and DO>2.5
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[image: image168.wmf]1991 Zone Volume, T<27 and DO>2.5
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[image: image169.wmf]1997 Model Predicted Discharge DO
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[image: image170.wmf]1996 Model Predicted Discharge DO
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[image: image171.wmf]1992 Model Predicted Discharge DO
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[image: image172.wmf]1991 Model Predicted Release DO
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[image: image173.wmf]1991 Zone Volume, T<27 and DO>2.5
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[image: image174.wmf]1991 Surface Elevation
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[image: image175.png]Saluda River Flow Below Lake Murray Cumulative Flow
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[image: image176.png]Saluda River Flow Below Lake Murray Cumulative Flow
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Saluda River Flow Below Lake Murray Cumulative Flow
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[image: image179.wmf]Flow Frequency - Based on Daily Average Flow in Saluda Tailrace, March-June Only
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[image: image180.wmf]Flow Frequency - Based on Daily Average Flow in Saluda Tailrace, March-June Only
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[image: image181.png]Lake Murray Surface Elevation
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[image: image183.png]Lake Murray Surface Elevation
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Project.
 
Have a very Happy and Safe Holiday season !
Alan
 
 
Alan Stuart  
Senior Licensing Coordinator  
Kleinschmidt Energy and Water Resources  
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077  
Cell 803.640.8765 

 



From: Alison Guth
To: Alison Guth; "biser@windstream.net"; "Van Hoffman"; Alan Stuart; 

Alison Guth; "Amanda Hill"; "Bill Argentieri"; "Carl Sundius"; 
"David Hancock"; "Dick Christie (dchristie@comporium.net)"; 
"Jennifer O"Rourke"; "Jim Cumberland "; "John Frick"; "Joy Downs"; 
"Randy Mahan"; "Rhett Bickley"; "Ron Ahle"; "Ronald Scott"; "Roy Parker"; 
"Steve Bell"; "Suzanne Rhodes"; "Tom Ruple"; "Tommy Boozer"; 
"Tony Bebber"; "Wendy0815@sc.rr.com"; 

Subject:  October 16, final notes
Date: Tuesday, February 05, 2008 1:55:30 PM
Attachments: 2007-10-16 final Meeting Minutes -  LLM.pdf 

 
Hello all, 
Attached are the final Lake and Land Management TWC notes from October 16th, 2007.  These will also 
be posted to the website.  Thanks for all of your comments.  Alison 
  
 
Alison Guth 
Licensing Coordinator  
Kleinschmidt Associates 
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
Phone 803-951-2077 
Fax 803-951-2124 

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=ALISON.GUTH
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alison.Guth
mailto:biser@windstream.net
mailto:vhoffman@scana.com
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alan Stuart
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alison.Guth
mailto:amanda_hill@fws.gov
mailto:bargentieri@scana.com
mailto:csundius@sc.rr.com
mailto:dhancock@scana.com
mailto:dchristie@comporium.net
mailto:jenno@scwf.org
mailto:jimc@scccl.org
mailto:jsfrick@mindspring.com
mailto:elymay2@aol.com
mailto:rmahan@scana.com
mailto:rbickley@lex-co.com
mailto:ahler@dnr.sc.gov
mailto:rscott@lex-co.com
mailto:royparker38@earthlink.net
mailto:bellsteve9339@bellsouth.net
mailto:suzrhodes@juno.com
mailto:truple@sc.rr.com
mailto:tboozer@scana.com
mailto:tbebber@scprt.com
mailto:Wendy0815@sc.rr.com



MEETING NOTES 
 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 
SALUDA HYDRO PROJECT RELICENSING 


LAKE AND LAND MANAGEMENT RESOURCE GROUP 
 


SCE&G Training Center 
October 16, 2007 


final ACG 2-5-08 
 


 
 


Page 1 of 5 


 
ATTENDEES: 
 
Alan Stuart, Kleinschmidt Associates 
Alison Guth, Kleinschmidt Associates 
Tommy Boozer, SCE&G 
David Hancock, SCE&G 
Ron Ahle, SCDNR 
Randy Mahan, SCANA Services 
Dick Christie, SCDNR 
Bertina Floyd, LMHOC 
John Frick, Landowner 
Bob Perry, SCDNR 
Rhett Bickley, Lexington County 
Jim Cumberland, SCCCL 
Suzanne Rhodes, SCWF 
 


 
 
Joy Downs, LMA 
Ellis Harmon, Landowner 
Linda Schneider, Landowner 
Ron Scott, Lexington County 
Steve Bell, LW 
Amanda Hill, USFWS 
Bill Argentieri, SCE&G 
Tony Bebber, SCPRT 
Van Hoffman, SCANA 
Carl Sundius, CALM 
Nevin Biser, Landowner 
Jenn Taraskiewicz, SCWF 
Carl Shealy, Landowner 


 
 


DATE:  October 16, 2007 
 
 
 
DATE OF NEXT MEETING:  November 8, 2007 at 9:30 a.m.    
     Located at the CRP 
 
 
INTRODUCTIONS  AND DISCUSSION 
 
 
Alan Stuart opened the meeting and introductions were made.  Alan explained that the purpose of 
the day’s meeting would be to discuss several issues that had been brought up by stakeholders.  In 
particular there were items that Steve Bell with Lake Watch and Bertina Floyd with the Lake 
Murray Homeowners Coalition had requested time to discuss. 
 
Discussions began with a presentation from Bertina Floyd.  She explained that the LMHOC wanted 
to provide information on their perspective for developing the new land use plan.  She added that 
the members of the LMHOC utilize Lake Murray’s resources much more than the casual visitor and 
feel that their input is valuable as the committee develops the land use plan.  Bertina explained that 
as lake residents, their organization is not against private development, but is interested in the 
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protection of boater safety, water quality, and has congestion concerns.  She also noted that they 
concur with the findings of the Natural Resource committee on the high resource value areas for 
rebalancing.  The entire discussion by LMHOC can be viewed below (in final notes).     
 
Alan then redirected the group to discuss the items that Steve Bell had requested discussion on via 
email.  These items included: 
 


• Dock Policies and Fringeland Purchase Requirements 
• Forest and Game Management Lands for areas that may be suitable for access 
• Review of Newberry and Saluda Shorelines to Determine the Percentage and Location of 


Development 
• Review of Issues Related to Shoreline Uses and Rebalancing 


 
Steve Bell began the discussions.  He addressed Randy Mahan and asked how SCE&G had the legal 
authority to require individuals to buy fringeland in order to obtain a dock.  Mahan replied that on a 
purely legal basis, it is because SCE&G owned the property.  Mahan continued to explain that 
instead of having to manage small strips of property, they would rather the back property owner 
purchase the land.  Bell explained that some property owners had expressed that they didn’t want to 
purchase the fringelands in order to receive a dock.  Tommy Boozer added that there is a financial 
element to the selling of fringelands; when they sell a piece of property SCE&G then uses the 
resources for a 10-31 exchange.  In support of his argument that SCE&G should not be allowed to 
sell any of the property acquired by the Lexington Water Power Company for the Saluda Project, 
 John Frick expressed the opinion that property acquired by a utility for utility purposes through 
eminent domain must always and forevermore be used only for the utility purposes for which it 
originally was acquired.       
 
The next item that the group discussed was in reference to the Forest and Game Management areas.  
Bell inquired as to whether the forest and game maps were available and if there were many areas 
that were shallow and did not provide much in the way of wildlife habitat.  Boozer replied that they 
have reviewed this data and estimated that there are roughly 44 tracts of land where there are back 
property owners behind forest and game management property.  Boozer continued to note that this 
information gave them some idea of how many people they were dealing with if they decided to 
change the policy to allow them some sort of access.  Boozer further clarified that SCE&G was not 
sure if this was something they wanted to do; they simply looked at the areas because it was an 
issue brought up by the TWC.  David Hancock noted that this issue would be best addressed after 
rebalancing had taken place.  Mahan pointed out that the group needs to be sure they include in the 
final program the flexibility to address issues, like this, that arise.   
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The group then reviewed Newberry and Saluda shoreline mileage.  Boozer passed out information 
to the group that listed the shoreline miles and acreage for all four counties (attached below, in final 
notes).  Bell noted that he believed this information would be helpful during land rebalancing.   
 
The next item that the group discussed was the issues matrix.  As the group reviewed each of the 
items identified on the issues matrix, there was some discussion on the item concerning a review of 
federal regulations.  Bell noted that he believed the group had a fairly comprehensive list of these 
regulations and if there was any need to review these regulations than he could email a copy to the 
group.   
 
Another item on the issues matrix that the group addressed dealt with updated shoreline 
classifications.  Boozer noted that they have consolidated the classifications and they are available 
in the draft SMP.  Stuart added that they have been consolidated in a way that the FERC typically 
prefers to see.   
 
With respect to buffer zone restoration, Bell proposed that the group take a field survey of all of 
future development lands to determine if there is a need for restoration.  Boozer noted that SCE&G 
will identify the most severe areas and work with the back property owners in a replanting process.   
 
Ron Ahle reemphasized that as shoreline management is an issue that is ongoing, the group should 
meet periodically after relicensing to further review the program and how it is being implemented.   
Stuart explained that SCE&G is requesting that a 10 year review of the SMP take place with annual 
group meetings to discuss any issues that have arisen.   
 
The issue of Two Bird Cove and Hurricane Hole cove (designated by the FERC as special 
recreation areas) was brought up during discussions.  Carl Shealy, a property owner in Hurricane 
Hole cove explained that he hoped this committee could address the FERC on this matter.  Shealy 
continued to note that as property owners in this area, they have had continued problems with 
boaters trespassing onto their land, etc.  Stuart pointed out that even if the special recreation area 
designation were lifted, it would not change how the boaters are currently using the area.  Hancock 
noted that in both of these areas, there were places where the homeowners owned down to the 360’ 
and areas where there were 75’ setbacks.  He continued to explain that the privately owned lands 
could be posted by the landowners, but they needed to yet discuss the use of the fringelands.  Stuart 
noted that one possibility was to make a recommendation on these areas in the license application.  
Ahle added that the committee could recommend that the designation be lifted, or alternatives, but 
the easiest way to reverse the designation would be to reach a compromise with the sail-boating 
groups. 
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Shealy pointed out that as far as he understood, the FERC designated this area without fully 
understanding the situation.  He continued to note that if the group is unable to remove the 
designation fully, then maybe they could further define the designation.      
 
Dick Christie further reiterated that to simply approach the FERC and ask them to remove the 
designation would be difficult, unless some sort of compromise was made with the sail-boaters.   
Amanda Hill added that if there was some type of resolution that the group could submit to the 
FERC, it may be possible.  She explained that the FERC prefers the agencies and utilities to find 
solutions to their problems themselves.   
 
The group concluded that after land rebalancing was completed, the group would convene a small 
technical committee to work through this issue.  Once options had been discussed the technical 
committee would then bring results to the land-owners and sail-boaters.  The technical committee 
could possibly include individuals such as Jim Leslie, Regis Parsons, representatives from DNR, 
PRT, and SCE&G, among others.   
 
After lunch, Stuart noted that they would like to briefly review the new proposed land use 
classifications.  Stuart noted to please email in any comments on these classifications before the 
group reviewed the SMP (November 9th).      
 
Ahle noted that he had developed a presentation on the results of the rebalancing work done by the 
natural resources committee.  He explained that the presentation includes potential 
recommendations for rebalancing and provides a summary of the work the groups did (economics 
and natural resources).  The group decided to meet on November 8th to view the presentation and 
share ideas.    
 
Group adjourned.
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The following comments were provided prior to the meeting: 
 
From John Frick: 
Received: 1-15-08 
 
There are a couple of key issues discussed during this meeting that should be reflected in the meeting notes. 


First,  The land owned by SCE&G was taken under "Imminent Domain" for the purpose of electric power production. The 
land needed for this purpose is the land at and below the 360 elevation. Land above this  elevation was routinely resold  
to the back property owners because it was not needed.  


The power of "Imminent Domain" was not granted to allow  SCE&G a monopolized pathway into the real estate business. 
It may not be legal, and  certainly does not seem ethical, for SCE&G to require repurchase of land  previously taken (at 
prices determined by SCE&G)in order for the descendents of the original property owners to have boating access to the 
lake.   


Second, SCE&G's position with regard to lands designated as "Game and Wild life Management" does not conform to 
the current Shoreline Management Plan in that NONE of the 44 back property owners have their property in the 
DNR Game Management program. As a result, the fringe land so designated does not provide the wild life habitat , 
Forrest management, hunting opportunities or wilderness protection originally intended. In fact, these lands have no 
more protection from development than any other lake property. The only difference in  property currently designated as 
noted above and other undeveloped property on the lake is that the  back property owners are denied the same boating 
access to the lake that all the other back property owners enjoy. 


It is also interesting to note that much of the property designated by SCE&G as Game and Wildlife Management is NOT 
designated as such by DNR on their maps. Therefore the narrow strips of fringe land are unknown and primarily unused 
by the public even if isolated small sections are suitable for hunting or other outdoor activities. 


It was discussed during this meeting that  to meet the intent of Game and Wildlife Management/ Forrest Management , 
large tracts of land would have to be put into some type of "Conservation Easement" in order for the original intent to be 
fulfilled. The primary reason for "Rebalancing" is to address this flaw in the current Shoreline management plan. 


Response to above comment: 
 
In response to the above last paragraph, the actual “primary reason” for the rebalancing requested in the 
June 6th SMP order by the FERC, was to address future development properties inside the PBL, not Forest 
and Game management lands as it is above implied.   



































From: Jennifer Summerlin
To: "Steve Bell"; Alan Stuart; Alison Guth; "Amanda Hill"; "Bill Argentieri"; 

"Columbia Individual (jdjaco@columbiasc.net)"; "Dee Bennett "; 
"Dick Christie"; "Harold Moxley"; Jennifer Hand; "Prescott Brownell"; 
Shane Boring; 

Subject: Saluda Relicensing: 2007 American Shad Telemetry Study Plan
Date: Monday, January 08, 2007 10:06:55 AM
Attachments: American Shad Telemetry Study Plan 01-8-2007 (jms_csb_aws).doc 

All: 
Attached for your review is the 2007 American Shad Telemetry Study Plan.  Please review and have 
comments back to me by January 29, 2007. 
  
Thanks, 
Jennifer Summerlin 
Scientist Technician 
Kleinschmidt Associates 
101 Trade Zone Drive, Suite 21A 
West Columbia, SC 29170 
P:803.822.3177 
F:803.822.3183 
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Saluda Hydro Project (FERC No. 516)

Study Plan:  2007 Diadromous Fish Studies


 American Shad Telemetry Study for the Lower Saluda, Congaree and Broad Rivers

Diadromous Fish Technical Working Committee


Draft – January 8, 2007

I. Study Objective


The objective of this study will be to characterize the movements of migrating American shad (Alosa sappadissima) in the Lower Saluda (LSR), Congaree, and Broad Rivers for purposes of determining: 

· usage of the lower Saluda River (LSR) downstream of Saluda Hydro dam;   

· potential usage of the Columbia Hydro tailrace; 


· potential usage of the Columbia fish passage facility on the Broad River; and 


· migration upstream of the Columbia Hydro Project to the base of Parr Hydro

II. Basis

Enhancement and restoration of anadromous Alosids to South Carolina waters has become an important objective of resource agencies.  Each spring, efforts to pass migrating American shad and blueback herring are undertaken at the first barriers to migration in the Santee-Cooper system.  Once passed, these fish have several migration pathways from which to choose.  One potential pathway could result in these fish entering the LSR near Columbia.  The relative abundance and potential spawning of this segment of the population is of particular interest to managers.  

Another pathway would result in fish entering the Broad River, also located near Columbia.  Recently, South Carolina Electric and Gas (SCE&G) installed a fish passage facility at the Columbia Hydro diversion dam.  The fish passage facility was constructed to allow target fish species, such as American shad and blueback herring, to migrate upstream over the diversion dam to reach spawning grounds.  The success of passing diadromous species through the Columbia fish passage facility is of importance to resource agencies and interested stakeholders.


During the relicensing process of Columbia Hydro, resource agencies expressed interest in the potential for American shad to utilize the tailwaters of the project. Agencies were concerned that during times of high power generation, American shad may be influenced and be attracted to the tailrace as opposed to migrating up the bypass reach towards the fish way.  Further, the agencies indicated that if significant numbers of Alosids utilize the Columbia tailrace then reductions in project operations may be necessary to re-direct shad in the tailrace to the bypass reach.  


III. Geographic and Temporal Scope

The telemetry study will focus on the Congaree River near the downstream extent of the Congaree National Park, upstream of Highway 601 Bridge; the LSR from downstream of the Saluda Hydro Dam to its confluence with the Broad River; and the Broad River from the Parr Shoals Dam to its confluence with the LSR.

The study will be conducted during Spring 2007, when American shad would be expected to undertake their upstream spawning migrations.  Study timing will be based on passage numbers at the St Stephens Fish Ladder located downstream at the Santee Cooper Project (FERC Project No. 299).  Duration of the study may be adjusted based on battery life of transmitters, mortality of target species and/or consultation with resource agencies and interested stakeholders.  It is anticipated the study will last through August 2007.

IV. Methodology


Tagging

Approximately 40 - 50 American shad will be collected from the Congaree River in the vicinity of the Highway 601 Bridge during the 2007 inmigrating spawning season. Both male and female will be captured depending on availability.  To facilitate collections, the SCDNR will notify Kleinschmidt Associates and/or SCE&G when significant numbers of Alosids begin to move through St. Stephens Fish Lift at Pineopolis Dam.  Collections will be by standard boat electrofishing methods, and captured fish will be dip netted and placed in a live well.  Each captured fish will be measured (mm) and a VemcoV-9 coded acoustic transmitter will be inserted through the esophagus into the upper alimentary canal via a slender wooden probe (Olney et al. 2006).   Each transmitter will be coated with glycerin to reduce abrasion of the esophagus (Beasley et al. 2000). Dry weight of acoustic transmitters will not exceed 2% of fish wet weight.  Tagged American shad will be placed in a holding pen for a short observation period to ensure recovery and then released.


Monitoring


The SCNDR has installed an array of receivers in the lower Saluda and Congaree Rivers.  To expand the current SCDNR study and conduct the scope of this study, additional receivers will be installed at locations in the Broad River and below the Columbia Hydro Powerhouse.  Acoustic equipment for this study will include Vemco V-9 coded acoustic transmitters (69 kHz) and Vemco VR2 ultrasonic receivers (Vemco, Shad Bay, Nova Scotia).  The transmitters will relay an acoustic ping to the Vemco receiver(s), which will be programmed to record the transmitter code, time of passage, depth, and location of each shad.  Data will be downloaded from receivers on a bi-monthly basis.  

Locational data will be recorded from an array of Vemco receivers deployed (or will be deployed prior to tagging) at the following locations (Attachment A): 

· Congaree River near Highway 601 Bridge;


· Congaree River at the upstream extent of the Congaree National Park;


· Congaree River near Carolina Eastman;

· Congaree River in the vicinity of the Rosewood Boat Landing;

· LSR below Lake Murray Dam;


· LSR near Corley Mill Island;


· LSR adjacent to the Radio Towers;


· LSR adjacent to Riverbanks Zoo;


· Broad River in the vicinity of Columbia Hydro tailrace;

· Broad River below the diversion dam;


· Broad River in the vicinity of Harbison State Park; and 


· Broad River below Parr Shoals Dam.


Data Retrieval

Data will be retrieved from the receivers on a bi-monthly basis by SCDNR, SCE&G or Kleinschmidt personnel.  Data retrieved from the receivers will be given a unique file name which includes receiver location and date.  


V. Schedule and Required Conditions


Sampling for American shad in the lower Saluda, Broad, and Congaree Rivers will be conducted during spring 2007 when significant number of American shad reaches the St. Stephens fish lift at Pineopolis Dam.  A draft report summarizing the results will be issued in October 2007.  The report will contain information on spatial and temporal movements of tagged fish and contain any appropriate maps or GIS information.  

VI. Use of Study Results


Results of the telemetry study will be used as an information resource during discussion of relicensing issues with the SCDNR, NMFS, USFWS, relicensing issue working groups, and other relicensing stakeholders. 

VI. Study Participants


		

		NAME

		ORGANIZATION

		PHONE

		E-MAIL



		Applicant Leads

		Stephen  Summer

Milton Quattlebaum

Alan Stuart


Shane Boring


Jennifer Summerlin

		SCANA Services

SCANA Services


Kleinschmidt


Kleinschmidt


Kleinschmidt

		803.217.7357

803.608.6296


803.822.3177


803.822.3177


803.822.3177

		ssummer@scana.com

mquattlebaum@scana.com

alan.stuart@kleinschmidtusa.com

shane.boring@kleinschmidtusa.com

jennifer.summerlin@kleinschmidtusa.com



		Agency Leads

		Dick Christie


Jason Bettinger


Amanda Hill


Prescott Brownell

		SCDNR


SCDNR


USFWS


NOAA Fisheries

		803.289.7022

803.353.8232

843.727.4707


843.762.8591

		dchristie@infoave.net

BettingerJ@dnr.sc.gov

Amanda-hill@fws.gov

Prescott.brownell@noaa.gov



		Other Participants

		William Argentieri

Randy Mahan

		SCE&G


SCANA Services

		803.217.9162

803.217.9538

		bargentieri@scana.com

rmahan@scana.com





VII. List of Attachments


ATTACHMENT A:
Map of receiver monitoring stations on the lower Saluda, Broad, and Congaree rivers.
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Attachment A:  Receiver monitoring stations on the lower Saluda, Broad, and Congaree Rivers



From: Jennifer Hand
To: "Steve Summer"; Alan Stuart; "Amanda Hill"; "Bill Argentieri"; 

"Dick Christie"; "Gerrit Jobsis (American Rivers)"; "Jim Glover"; 
"Prescott Brownell"; "Randy Mahan"; Shane Boring; "Steve Leach"; 

Subject: Saluda Relicensing: 2007 Shortnose Sturgeon Final Report
Date: Monday, October 01, 2007 9:54:30 AM
Attachments: 2007 Shortnose Sturgeon Final Report _JMS_ 2007-09-28.pdf 

Dear Diadromous Fish TWC Members: 
Attached for your records is the 2007 Shortnose Sturgeon Final Report for the Saluda Hydro Project.  As 
always the document will be posted to the Saluda relicensing website.  Thanks for your continued 
participation in the Saluda relicensing process. 
  
Jennifer S. Hand 
Biologist 
Kleinschmidt Associates 
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
P:803.951.2077 
F:803.951.2124 
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1.0 INTRODUCTION 


 


The shortnose sturgeon is an anadromous species that inhabits estuaries and rivers along 


the eastern coast of North America (NMFS, 1998).  Once adults reach sexual maturity, they 


migrate to upper reaches of rivers to spawn from late winter to early spring.  The shortnose 


sturgeon was federally listed as endangered on March 11, 1967.  Since that time, the National 


Marine Fisheries Service (NMFS) has recognized South Carolina as one of the 19 distinct 


population segments of shortnose sturgeon (NMFS, 1998).  Much of the Santee River Basin is 


thought to be within the historic range of the shortnose sturgeon (Welch 2000, Newcomb and 


Fuller 2001).  Within the basin, shortnose sturgeon have been documented downstream of the 


dams associated with the Santee-Cooper Lakes (Marion and Moultrie) and in the lower reaches 


of both the Santee and Cooper Rivers (Collins et al. 2003; Cooke et al. 2002, 2004). 


 


There are many reasons that shortnose sturgeon are at risk.  From the early colonial 


times, both shortnose and Atlantic sturgeon populations were extensively overharvested; further 


pollution and the construction of dams over time have also played a role in depleting 


populations, with declines attributed primarily to degradation of habitat.  Currently, the Cooper 


River shortnose sturgeon population is believed to be one of the most significant, with 


population estimates over a three-year period yielding an average of approximately 200 fish 


migrating upstream to the base of the Pinopolis Dam annually (Cooke et al. in press).   In 


addition to this river population, a “dam-locked” population of shortnose sturgeon has also been 


documented within and upstream of the Santee-Cooper Lakes (Collins et al. 2003).  While 


research to date suggests that Lake Marion and its tributaries harbor the most significant 


population (Collins et al. 2003), no population estimates are currently available for the Santee-


Cooper Lakes and their tributaries. 
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As noted above, the shortnose sturgeon is federally listed as endangered under the 


Endangered Species Act (ESA) and falls under jurisdiction of the National Oceanographic and 


Atmospheric Administration – National Marine Fisheries Service (NMFS).  Under Section 18 of 


the Federal Power Act, the NMFS also has mandatory conditioning authority for fishway 


prescription at all FERC licensed hydro projects when diadromous species, such as shortnose 


sturgeon, are involved.  In addition, the shortnose sturgeon is among the species identified by the 


NMFS, South Carolina Department of Natural Resources (SCDNR), and U.S. Fish and Wildlife 


Service (USFWS) as a target species in the “Santee Cooper Basin Diadromous Fish Passage 


Restoration Plan” (USFWS et al. 2001), which was submitted to and accepted by FERC as a 


Comprehensive Plan under Section 10 (a)(2)(a) of the Federal Power Act.  In response to 


comments and study requests provided by NMFS and the SCDNR during the initial stages of the 


Saluda Relicensing Project, SCE&G conducted sampling in the Saluda-Upper Congaree Sub-


basin.  Specific study objectives include: 


 


• To document whether or not shortnose sturgeon are utilizing areas of the Saluda 


and Congaree rivers downstream of the Saluda Hydro Project; 


• If sturgeon are found to be present, to document their relative abundance and 


spatial and temporal patterns; 


• If shortnose sturgeon are present, determine whether or not spawning is taking 


place downstream of the Saluda Hydro Project; 


• If possible, characterize usage of this reach of the Saluda and Congaree relative to 


water quality and habitat data; and 


• Cooperate, to the extent feasible, with population genetics and other studies being 


conducted by the SCDNR to determine the status of shortnose sturgeon in the 


Santee River Basin. 
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2.0 METHODS 


 


Upstream spawning migrations of shortnose sturgeon are triggered when water 


temperatures increase to 8-9°C.   Sampling was conducted during late-winter and spring of 2007 


(approximately the first week of February through the end of April) when shortnose sturgeon 


would be expected to migrate into the Piedmont rivers to spawn. 


 


Typical spawning habitat includes gravel, rubble, large rock, sand, logs and cobble with 


moderate river flow (Duncan et al. 2004).  Shortnose sturgeon primarily feed on mollusks, 


crustaceans, insect larvae and worms (NMFS, 1998).  Based on this information and consultation 


with NMFS and SCDNR, it was determined that sampling would focus on the Saluda-Upper 


Congaree Sub-basin, from the vicinity of the Rosewood Boat Landing adjacent to downtown 


Columbia, upstream to the Saluda Hydro Project Dam on the Saluda River and the Columbia 


Canal Diversion Dam on the lower Broad River.  Specifically, the following sites were sampled: 


 


• Downstream of the Saluda Hydro Dam in the vicinity of the USGS gage; 


• The vicinity of SCE&G’s Gardendale canoe landing on the lower Saluda River; 


• Upstream of the old Granby Lock and Dam on the Congaree River; and 


• The vicinity of the Rosewood Boat Landing on the Congaree River. 


 
2.1 Sampling for Adult/Juvenile Shortnose Sturgeon 


 


The four sites were sampled weekly (one day per week) for adult and juvenile 


shortnose sturgeon from the first week of February through the end of April using 


standard gillnetting techniques.  Specifically, 100 ft-long monofilament nets, with 


alternating 25 foot-long panels of 5-inch and 7-inch stretch mesh.  Gillnets were set 


beginning at daybreak of each sampling day and were fished for approximately eight 


hours.  To meet necessary precautions to ensure that sturgeon were not harmed, gillnets 


were checked every two hours.  To keep sampling consistent, gillnets were set in the 


same location at each site during the three month sample period. 
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2.2 Sampling for Shortnose Sturgeon Larvae and Eggs 


 


Ichthyoplankton nets were fished in conjunction with the gillnets to sample for the 


presence of shortnose sturgeon larvae and eggs.  Specifically, one 2mm “D-shaped” drift 


net fitted with a General Oceanic flowmeter, was fished in the general vicinity of each 


gillnet location.  Revolution counter data from the flow meter was recorded before and 


after each net set to determine the volume of water sampled through each net at each 


location.  Nets were anchored upstream in sufficient flow to sample effectively.  Samples 


from egg nets were preserved in ethyl alcohol and were returned to the laboratory for 


identification.  Water temperature, dissolved oxygen, and specific conductivity levels 


were recorded after each egg net was pulled.  Bycatch was identified, measured and 


released upon catch. 


 







 


 
- 5 - 


3.0 RESULTS 


 


Gillnets were fished (on average) eight hours a day with a total of 344 net hours.  No 


adult shortnose sturgeon were captured during the three month study period from February 


through April 2007 in the lower Saluda and Congaree Rivers.  A total of 29 fish representing 


nine different species were collected during netting (Table 1) which yielded a 0.08 fish/hour 


catch per unit of effort.  Bycatch species (including total length) are also presented in Table 1 by 


date and location. 


 


No eggs or juvenile shortnose sturgeon were captured while sampling with the 


ichthyoplankton nets.   A total of  37,054 m3 of water was sampled during the three month study 


period.  Total volume of water sampled for each net set by location is presented in Table 2.  


Water quality measurements for each sampling period are presented in Table 3. 
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Table 1: Fish Collected During the Saluda – Shortnose Sturgeon Study Presented by 


Date and Location 


 


DATE LOCATION SPECIES COMMON 
NAME 


TOTAL 
LENGTH 


(MM) 


2/20/2007 Rosewood Boat 
Landing Dorosoma cepedianum Gizzard Shad 46.7 


2/20/2007 Rosewood Boat 
Landing Dorosoma cepedianum Gizzard Shad 48.8 


2/27/2007 Saluda Hydro Dam Micropterus salmoides Largemouth Bass 55 


2/27/2007 Saluda Hydro Dam Hypentelium nigricans Northern 
Hogsucker 43 


3/1/2007 Rosewood Boat 
Landing Morone saxatilis Striped Bass 44.5 


3/8/2007 Saluda Hydro Dam Hypentelium nigricans Northern 
Hogsucker 44.4 


3/8/2007 Gardendale Moxostoma collapsum Notchlip Redhorse 49.8 
3/8/2007 Gardendale Minytrema melanops Spotted Sucker 58.8 


3/14/2007 Rosewood Boat 
Landing Morone saxatilis Striped Bass 62.3 


3/21/2007 Granby Lock and Dam Cyprinus carpio Common Carp 71 
3/21/2007 Granby Lock and Dam Minytrema melanops Spotted Sucker 53.7 
3/22/2007 Saluda Hydro Dam Dorosoma cepedianum Gizzard Shad 38.4 
3/26/2007 Granby Lock and Dam Ictalurus furcatus Blue Catfish 65.4 
3/26/2007 Granby Lock and Dam Micropterus salmoides Largemouth Bass 46.5 
3/26/2007 Granby Lock and Dam Carpiodes cyprinus Quillback 45.1 
4/11/2007 Saluda Hydro Dam Minytrema melanops Spotted Sucker 52.9 
4/17/2007 Granby Lock and Dam Cyprinus carpio Common Carp 67.9 
4/17/2007 Granby Lock and Dam Carpiodes cyprinus Quillback 44.4 


4/17/2007 Rosewood Boat 
Landing Morone saxatilis Striped Bass 68 


4/17/2007 Rosewood Boat 
Landing Morone saxatilis Striped Bass 50.7 


4/17/2007 Rosewood Boat 
Landing Morone saxatilis Striped Bass 57.5 


4/25/2007 Rosewood Boat 
Landing Carpiodes cyprinus Quillback 44.6 


4/25/2007 Granby Lock and Dam Carpiodes cyprinus Quillback 34.9 
4/25/2007 Granby Lock and Dam Carpiodes cyprinus Quillback 34.5 
4/25/2007 Granby Lock and Dam Ictalurus punctatus Channel Catfish 54.5 
4/25/2007 Granby Lock and Dam Cyprinus carpio Common Carp 67 
4/25/2007 Granby Lock and Dam Carpiodes cyprinus Quillback 42.5 
4/25/2007 Granby Lock and Dam Carpiodes cyprinus Quillback 39.5 
4/26/2007 Saluda Hydro Dam Micropterus salmoides Largemouth Bass 84.2 
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Table 2: Total Volume of Water Sampled Through Each Ichthyoplankton Nets by 


Location 


 


DATE LOCATION 
TOTAL 


VOLUME 
(M3) 


2/6/2007 Granby Lock and Dam 99.5 
2/6/2007 Rosewood Boat Landing 5.4 
2/7/2007 Gardendale 0.2 
2/7/2007 Saluda Hydro Dam 0.4 


2/14/2007 Gardendale 6.8 
2/14/2007 Saluda Hydro Dam 0.1 
2/15/2007 Rosewood Boat Landing 793.8 
2/15/2007 Granby Lock and Dam 30.2 
2/20/2007 Rosewood Boat Landing 17749.9 
2/20/2007 Granby Lock and Dam 223.5 
2/22/2007 Gardendale 0.09 
2/22/2007 Saluda Hydro Dam 0.7 
2/27/2007 Saluda Hydro Dam 90.2 
2/27/2007 Gardendale 0.6 
3/1/2007 Rosewood Boat Landing 2347.8 
3/1/2007 Granby Lock and Dam 258.8 
3/8/2007 Saluda Hydro Dam 14.8 
3/8/2007 Gardendale 3601.6 


3/14/2007 Granby Lock and Dam 0.4 
3/14/2007 Rosewood Boat Landing 775.3 
3/15/2007 Saluda Hydro Dam 0.6 
3/21/2007 Rosewood Boat Landing 1217.7 
3/21/2007 Granby Lock and Dam 1539.9 
3/22/2007 Saluda Hydro Dam 1.3 
3/22/2007 Gardendale 10.2 
3/26/2007 Granby Lock and Dam 1875.4 
3/26/2007 Rosewood Boat Landing 701.1 
3/29/2007 Saluda Hydro Dam 19.4 
3/29/2007 Gardendale 0.6 
4/5/2007 Saluda Hydro Dam 0.9 
4/5/2007 Gardendale 1.0 
4/6/2007 Rosewood Boat Landing 728.9 


4/10/2007 Rosewood Boat Landing 1570.2 
4/10/2007 Granby Lock and Dam 255.2 
4/11/2007 Saluda Hydro Dam 311.1 
4/11/2007 Gardendale 1.7 
4/17/2007 Granby Lock and Dam 78.6 
4/17/2007 Rosewood Boat Landing 105.2 
4/18/2007 Gardendale 11.2 
4/18/2007 Saluda Hydro Dam 27.5 
4/25/2007 Rosewood Boat Landing 652.5 
4/25/2007 Granby Lock and Dam 1489.8 
4/26/2007 Gardendale 1.0 
4/26/2007 Saluda Hydro Dam 450.5 
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Table 3: Water Quality Measurements by Date and Location 


DATE LOCATION TIME 
WATER 


TEMPERATURE 
(˚C) 


DISSOLVED 
OXYGEN 


(mg/L) 


SPECIFIC 
CONDUCTIVITY 


(µS) 


MEAN 
DAILY 
FLOW 


(cfs) 
2/6/2007 Granby Lock and Dam 9:15 AM 6.7 12.3 80.3 9,080 
2/6/2007 Rosewood Boat Landing 9:50 AM 6.7 12.3 80.3 9,080 
2/7/2007 Gardendale 1:30 PM 10.2 9.8  805 
2/7/2007 Saluda Hydro Dam 2:00 PM 11.1 10.5  805 
2/14/2007 Gardendale 3:10 PM 11.4 8.0 63.7 973 
2/14/2007 Saluda Hydro Dam 4:45 PM 11 8.7 62.9 973 
2/15/2007 Rosewood Boat Landing 3:20 PM 9.2 10.1 53 10,200 
2/15/2007 Granby Lock and Dam 3:50 PM 10.1 10.1 53 10,200 
2/20/2007 Rosewood Boat Landing 12:45 PM 9.7 10.3 59.7 5,390 
2/20/2007 Granby Lock and Dam 12:45 PM 9.7 10.3 59.7 5,390 
2/22/2007 Gardendale 3:05 PM 11.9 9.8 63 596 
2/22/2007 Saluda Hydro Dam 4:25 PM 10.8 9.4 84 596 
2/27/2007 Saluda Hydro Dam 3:10 PM 11 10.6 84 601 
2/27/2007 Gardendale 4:00 PM 11.3 10.8 86 601 
3/1/2007 Rosewood Boat Landing 3:30 PM 12 7.1 86.6 8,650 
3/1/2007 Granby Lock and Dam 11:35 AM 11.9 7.5 84 8,650 
3/8/2007 Saluda Hydro Dam 3:24 PM 11.2 10.4 82.6 4,120 
3/8/2007 Gardendale 4:30 PM 12.9 10.2 86.4 4,120 
3/14/2007 Granby Lock and Dam 5:20 PM 11.3 9.1 84.1 6,360 
3/14/2007 Rosewood Boat Landing 4:35 PM 14 9.1 83 6,360 
3/15/2007 Saluda Hydro Dam 2:40 PM 11.7 6.3 84.3 550 
3/15/2007 Gardendale 4:36 PM 12.8 9.2 84.8 550 
3/21/2007 Rosewood Boat Landing 3:14 PM 16.4 17.7 -     4,460 
3/21/2007 Granby Lock and Dam 3:14 PM 16.4 17.7 - 4,460 
3/22/2007 Saluda Hydro Dam 3:15 PM 11.5 9.6 87.5 551 
3/22/2007 Gardendale 3:54 PM 13 9.5 86.7 551 
3/26/2007 Granby Lock and Dam 4:00 PM 17.8 9.4 88 6,960 
3/26/2007 Rosewood Boat Landing 2:45 PM 17.6 9.2 88 6,960 
3/29/2007 Saluda Hydro Dam 2:40 PM 11.2 8.4 87 523 
3/29/2007 Gardendale 4:00 PM 9.8 11.6 88.2 523 
4/5/2007 Saluda Hydro Dam 3:10 PM 12 11.2  566 
4/5/2007 Gardendale 5:15 PM 13.6 10.7 88.4 566 
4/6/2007 Rosewood Boat Landing 1:29 PM 19.4 10.8 -            4,390 
4/6/2007 Granby Lock and Dam 2:26 PM 16.6 11.9 - 4,390 
4/10/2007 Rosewood Boat Landing 3:45 PM 15.6 9.9 92.1 4,210 
4/10/2007 Granby Lock and Dam 3:05 PM 15.5 11.6 91 4,210 
4/11/2007 Saluda Hydro Dam 3:05 PM 11.4 10.1 84.5 473 
4/11/2007 Gardendale 4:15 PM 11.7 9.9 - 473 
4/17/2007 Granby Lock and Dam 1:30 PM 17.3 10 -      4,800 
4/17/2007 Rosewood Boat Landing 1:15 PM 17.3 10.3 - 4,800 
4/18/2007 Gardendale 3:00 PM 12.6 11.0 - 660 
4/18/2007 Saluda Hydro Dam 1:56 PM 12 10.8 - 660 
4/25/2007 Rosewood Boat Landing 1:40 PM 21.8 9.4 84 3,890 
4/25/2007 Granby Lock and Dam 12:59 PM 20.8 10.7 88.4 3,890 
4/26/2007 Gardendale 2:35 PM 14.2 11.1 85.2 495 
4/26/2007 Saluda Hydro Dam 7:33 PM 12.4 11.8 85.4 495 
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4.0 DISCUSSION 


 


Adult shortnose sturgeon are known to occur in the Santee River Basin.  However, to 


date no shortnose sturgeon have been documented in the Lower Saluda River (LSR).  Gillnet 


collections indicate that shortnose sturgeon likely did not use the LSR for spawning during the 


2007 sampling period.  Radio-telemetry studies conducted by the SCDNR have provided 


significant insight into the movements and habitat use of the Santee-Cooper Lakes shortnose 


sturgeon.  Collins et al. (2003) documented migration of Lake Marion shortnose sturgeon to a 


spawning site on the Congaree River just south of the city of Columbia (approximately 15 miles 


downstream of the Saluda Hydro Project).  Other telemetry studies, in which Cooper River 


sturgeon were captured, radio-tagged, and released upstream in the Santee-Cooper Lakes, 


documented migration as far upstream as the old Granby Lock and Dam on the Congaree River 


and near the town of Wateree, SC on the Wateree River (Isely 2002; Doug Cooke, SCDNR, Pers. 


Comm.). 


 


The two locations sampled on the Congaree River for this study were located above and 


below the old Granby Lock and Dam, which is four miles upstream of the most recent upstream 


migration documented by Collins et al. (2003).  Presence of shortnose sturgeon in the vicinity of 


Granby Lock and Dam was also confirmed by collection of a single specimen during sampling 


related to relicensing of Duke Power’s Catawba-Wateree Project in March 2004 (Duke Power, 


2004).  These studies suggest that shortnose sturgeon have the ability to migrate into Piedmont 


reaches of the Santee Basin downstream of the Saluda Project; however, no shortnose sturgeon 


were captured in the lower Saluda and Congaree Rivers during the 2007 study. 


 


Lack of presence of shortnose sturgeon in the LSR seems to be consistent with their 


spawning requirements.  Adult shortnose sturgeon  are known to commence spawning when 


temperatures increase to 15˚C.  The maximum water temperature recorded during the course of 


this study was 14˚C and this occurred during late April near the end of the sampling period and 


near the end of when sturgeon would be expected to spawn.  These data suggest that water 


temperature conditions in the LSR are likely not suitable for shortnose sturgeon spawning. 
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APPENDIX A 
 


STUDY PLAN:  STATUS OF THE SHORTNOSE STURGEON IN THE LOWER SALUDA 
RIVER AND UPPER CONGAREE RIVER 
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SALUDA HYDRO PROJECT (FERC NO. 516) 
STUDY PLAN 


 
 


Study Plan Name: Status of the Shortnose Sturgeon in the Lower Saluda and Upper 
Congaree Rivers 


Applicable Hydro Projects: Saluda Hydro FERC No. 516 


 
 
I. Study Objective 
 


The purpose of this study will be to document shortnose sturgeon (Acipenser 
brevirostrum) usage downstream of the Saluda Hydroelectric Project as part of efforts by 
SCE&G to acquire a new Federal Energy Regulatory Commission (FERC) operating license for 
the project.  This study responds directly to comments and study requests provided by National 
Oceanographic and Atmospheric Administration - National Marine Fisheries Service (NMFS) 
and the South Carolina Department of Natural Resources (SCDNR) during the initial stages of 
the Saluda Project relicensing. 
 


The objectives of this proposed study are as follows: 
 


• To document whether or not shortnose sturgeon are utilizing areas of the Saluda 
and Congaree rivers downstream of the Saluda Hydroelectric Project; 


• If sturgeon are found to be present, to document their relative abundance and 
spatial and temporal patterns (i.e., how many there are, where they are located, 
and at what times of the year); 


• If shortnose sturgeon are present, determine whether or not spawning is taking 
place downstream of the Saluda Hydroelectric Project; 


• If possible, to characterize usage of this reach of the Saluda and Congaree relative 
to water quality and habitat data; and 


• Cooperate, to the extent feasible, with population genetics and other studies being 
conducted by the SCDNR to determine the status of shortnose sturgeon in the 
Santee River Basin. 


 
 
II. Basis 
 


The shortnose sturgeon is federally listed as endangered under the Endangered Species 
Act (ESA) and falls under the jurisdiction of the National Oceanographic and Atmospheric 
Administration - National Marine Fisheries Service (NMFS).  Under Section 18 of the Federal 
Power Act, the NMFS also has mandatory conditioning authority for fishway prescription at all 
FERC licensed hydro projects when diadromous species, such as shortnose sturgeon, are 
involved.  In addition, the shortnose sturgeon is among the target species identified by the 
NMFS, SCDNR, and U.S. Fish and Wildlife Service (USFWS) as target species in the Santee 
Cooper Basin Diadromous Fish Passage Restoration Plan (USFWS et al. 2001), which has been 
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submitted to and accepted by FERC as a Comprehensive Plan under Section 10(a)(2)(a) of the 
Federal Power Act.  In addition to providing the baseline information needed to address such 
regulatory requirements, this study will likely provide valuable information regarding the status 
of the shortnose sturgeon in a portion of its historic range that has not been sampled in recent 
history.  Sampling directed towards “areas where shortnose sturgeon historically occurred but 
have not been recorded in recent time” has been cited as an important recovery goal for the 
species (NMFS 1998). 
 
 
III. Geographic and Temporal Scope 
 


Temporal Scope: The study is scheduled to begin in February 2006 and continue through 
2007 (2 years of study).  Based on the findings of the initial 2 years of study and consultation 
with NMFS and the SCDNR, additional work may be scheduled. 


 
On an annual basis, sampling will be conducted during late-winter and spring 


(Approximately February 1 through the end of April) when shortnose sturgeon would be 
expected to migrate into Piedmont rivers to spawn. 


 
Geographic Scope: In consultation with NMFS and SCNDR, it has been determined that 


sampling likely should focus on the Saluda-Upper Congaree Sub-basin, from the vicinity of the 
Rosewood Boat Landing (also known as Barney Jordan Landing) adjacent to downtown 
Columbia,  upstream to the Saluda Project Dam on the Saluda River and the Columbia Canal 
Diversion Dam on the lower Broad River.  Within this area, the following potential sampling 
sites have been identified (Figure1): 
 


1. Downstream and in the vicinity of the Saluda Project dam; 


2. The vicinity of SCE&G’s Gardendale canoe landing on the Saluda River; 


3. Upstream of the old Granby Lock and Dam on the Congaree River; and 


4. The vicinity of the Rosewood Boat Landing on the Congaree River. 


 
 
IV. Summary of Existing Data 
 


Much of the Santee Basin, including the portion of the Saluda Basin encompassed by the 
Saluda Project, is thought to be within the historic range of the shortnose sturgeon (Welch 2000, 
Newcomb and Fuller 2001).  Within the basin, shortnose sturgeon have been documented 
downstream of the dams associated with the Santee-Cooper Lakes (Marion and Moultrie) in the 
lower reaches of both the Santee and Cooper rivers (Collins et al. 2003; Cooke et al. 2002, 
2004).  The Cooper River population is believed to be the most significant, with population 
estimates over a three-year period yielding an average of approximately 200 fish migrating 
upstream to the base of the Pinopolis Dam annually (Cooke et al. in press).  An additional dam-
locked population of shortnose sturgeon has been documented within and upstream of the 
Santee-Cooper Lakes (Collins et al. 2003).  While research to date suggests that Lake Marion 
and its tributaries harbor the most significant population (Collins et al. 2003), no population 
estimates are currently available for the Santee-Cooper Lakes and its tributaries. 
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Radio-telemetry studies conducted by the SCDNR have provided significant insight into 
the movements and habitat use of Santee-Cooper Lakes shortnose sturgeon.  Collins et al. (2003) 
documented migration of Lake Marion shortnose sturgeon to a spawning site on the Congaree 
River just south of the city of Columbia (approximately 15 miles downstream of the Saluda 
Project).  Further telemetry studies, in which Cooper River sturgeon were captured, radio-tagged, 
and released upstream in the Santee-Cooper Lakes, documented migration as far upstream as 
upstream of the old Granby Lock and Dam on the Congaree River and near the town of Wateree, 
SC on the Wateree River (Isely 2002; Doug Cooke, SCDNR, Pers. Comm.).  The old Granby 
Lock and Dam is located adjacent to downtown Columbia, approximately 11 miles downstream 
of the Saluda Project and an additional 4 miles upstream of the most upstream migration 
documented by Collins et al. (2003).  Presence of shortnose sturgeon in the vicinity of Granby 
Lock and Dam was also confirmed by collection of a single specimen during sampling related to 
relicensing of Duke Power’s Catawba-Wateree Project in March 2004 (Duke Power 2004).  
These studies suggest that shortnose sturgeon have the ability to migrate into Piedmont reaches 
of the Santee Basin downstream of the Saluda Project; however, no directed sampling effort has 
been undertaken within recent history to document the species. 
 


The SCDNR has and continues to conduct population genetics studies aimed at 
delineating distinct population segments and estimated emigration and colonization rates.  
Collins et al. (2003) found significant genetic differences between Santee-Cooper lakes 
shortnose sturgeon and samples from three nearby rivers (Ogeechee, Savannah, and Edisto).  
Although not statistically significant, the study also observed appreciable differences in 
haplotype frequency between samples collected from reservoir shortnose sturgeon and those 
collected below the dam in the Cooper River.  The authors noted that these results suggest that 
there may be some degree of genetic isolation between the shortnose sturgeon residing above and 
below the Santee-Cooper dams, but additional samples are needed from upstream areas. 
 
 
V. Methodology 
 
Sampling for Adult/Juvenile Shortnose Sturgeon 
 


Adult and juvenile shortnose sturgeon will be sampled weekly (one day per week) during 
the sampling period using standard gillnetting techniques.  Gillnetting will utilize one 
approximately 100 ft-long monofilament net at each sampling location (Figure 1), with 
alternating 25 foot-long panels of 5 inch (12.7 cm) and 7-inch (17.8 cm) stretch mesh.  Nets will 
be set beginning at daybreak of each sampling day and fished for approximately 8 hours.  During 
the initial phase of the study, gillnets will be checked every 2 hours.  Gillnet soak times may be 
adjusted based on field experience, but will always fall within the guidelines described by in ‘A 
Protocol for Use of Shortnose and Atlantic Sturgeons’ (Protocol, Moser et al. 2000).  Individual 
sturgeon will not be targeted for recapture on an annual basis.  As such, gillnets may be 
repositioned within the general area of each sampling location (i.e. moved 100 to 150 yards) to 
minimize risk of exposure to the gear. 


 
All captured sturgeon will be examined, measured for total length (mm), weighed (0.1 


kg), and scanned for presence of a Passive Integrated Transponder (PIT) tag.  If untagged, each 
fish will be tagged with a PIT tag as recommended in the Protocol.  The PIT tags will be injected 
just under the skin on the left side of the fish, posterior to the dorsal fin, using a syringe equipped 
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with a 12 to 8-gauge needle.  PIT tags will not exceed 32 mm x 3.1 mm, and generally will be 
smaller (e.g., Biomark model TX1405L, 14 mm x 2.1 mm).  In addition, external streamer dart 
tags (e.g. Floy Tag model FT-1-94) may be attached in the dorsal musculature by puncturing the 
skin and muscle with an 8-gauge needle.  In some instances, a small (1 cm2 or less) non-
deleterious tissue sample, clipped with surgical scissors from the pelvic fin, may be taken from 
captured sturgeon to contribute to the SCDNR’s population genetics studies (i.e. to determine 
population of origin).  Tissue collection will follow the Protocol, with all samples stored in ethyl 
alcohol.  Any tissue collections will be closely coordinated with the SCDNR, with all tissues 
archived by: 
 


Julie Carter 
NOAA 
219 Fort Johnson Rd. 
Charleston, SC 29412 


 
All adult and juvenile sturgeon captured will be placed in a live car (or equivalent device 


as recommended in the Protocol) and processed one at a time before making additional capture 
attempts.  The live car will be constructed as specified in the Protocol, with bilge pumps used for 
water exchange and an external oxygen supply.  The water supply to fill the live car will be taken 
from the ambient river system and all water quality criteria for the live car will follow NMFS 
guidelines, as established in the Protocol.  Fish will be handled as little as possible and will 
always be supported in at least two places while out of the water to avoid stress to the vertebral 
column (as recommended in the Protocol).  Processing time for each fish is expected to be 10 
minutes or less.  Maximum holding time for captured shortnose sturgeon will follow the 
Protocol, and will not exceed 30 minutes when water temperatures exceed 27ºC and 2 hours 
when water temperatures are 27ºC or less.  After processing, all captured shortnose sturgeon will 
be released at the point of capture.  A measurement of water temperature (ºC) and dissolved 
oxygen (mg/L) will also be taken at each location. 


 
Results of gillnet sampling, including estimates of relative abundance and Catch per Unit 


Effort (number of fish/net hours fished), will be compared by date and location and presented in 
the final report.  In addition, a species list will be compiled of all species encountered during the 
study. 
 
Sampling for Shortnose Sturgeon Larvae and Eggs 
 


Ichthyoplankton nets will be fished in conjunction with gillnets, whenever possible, to 
sample for the presence of shortnose sturgeon eggs and larvae.  Specifically, one D-shaped or 
rectangular drift net (maximum mesh size 2mm), equipped with flowmeter, will be fished in the 
general vicinity of each gillnetting location (Figure 1).  Nets will be anchored facing upstream in 
sufficient flow to sample effectively and will be deployed for a maximum of 24 hours (as 
recommended in the Protocol). 


 
Samples from egg nets will be preserved in ethyl alcohol and returned to the laboratory 


for identification.  All eggs collected will be examined to determine stage and all larval 
specimens will be measured for standard length (0.1 mm).  Larval densities (number / cm3) will 
be calculated, compared by date and location, and presented in the final report. 
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VI. Schedule and Required Conditions 
 


Sampling for adult, juvenile, and larval shortnose sturgeon will begin in February 2006.  
A brief report summarizing the 2006 sampling results will be issued by November 1, 2006, with 
a more comprehensive final report issued by December 31, 2006.  The final report will include 
all sampling results and conclusions regarding presence and population status of shortnose 
sturgeon. 


 
 


VII. Use of Study Results 
 


Results of the shortnose sturgeon sampling will be used as an information resource 
during discussion of relicensing issues with the SCDNR, NMFS, USFWS, relicensing issue 
working groups, and other relicensing stakeholders. 
 
 
VIII. Study Participants 
 


 NAME ORGANIZAT
ION 


PHONE E-MAIL 


Applicant 
Leads 


Stephen E. Summer SCANA 
Services 


(803)217-7357 ssummer@scana.com 


 Milton Quattlebaum SCANA 
Services 


(803)217-8262 mquattlebaum@scana.com 


 Alan W. Stuart Kleinschmidt (803)822-3177 alan.stuart@kleinschmidtusa.com 
 Shane Boring Kleinschmidt (803)822-3177 shane.boring@kleinschmidtusa.com 
 Jennifer Summerlin Kleinschmidt (803)822-3177  
Agency Leads Dick Christie  SCDNR (803)289-7022 dchristie@infoave.net 
 Amanda Hill USFWS (843)727-4707 


x24 
Amanda_hill@fws.gov 


 Prescott Brownell NOAA 
Fisheries 


(843)762-8591 Prescott.brownell@noaa.gov 


William Argentieri SCE&G (803)217-9162 bargentieri@scana.com Other 
Participants Randy Mahan SCANA 


Services 
(803)217-9538 rmahan@scana.com 


 
 
IX. List of Attachments 
 
ATTACHMENT A: Map of Shortnose Sturgeon Sampling Locations on the Lower Saluda and 


Upper Congaree Rivers 
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Attachment A: Preliminary Shortnose Sturgeon Sampling Area 


 







From: Jennifer Summerlin
To: "Bill Argentieri"; "Milton Quattlebaum (mquattlebaum@scana.com)"; 

"Randy Mahan"; "Steve Summer"; 
cc: Alan Stuart; Shane Boring; 
Subject: Saluda Relicensing: 2007 Shortnose Sturgeon Draft Report
Date: Monday, July 30, 2007 2:45:10 PM
Attachments: 2007 Shortnose Sturgeon Draft Report (JMS) 2007-07-30.doc 

All; 
Attached for your review is the 2007 Shortnose Sturgeon Draft Report.  Please have comments back to 
me by August 13, 2007.  If you finish reviewing the report before August 13th, then go ahead and send 
it to me.  Thanks and hope everyone has a wonderful day! 
   
Jennifer Summerlin 
Scientist Technician 
Kleinschmidt Associates 
101 Trade Zone Drive, Suite 21A 
West Columbia, SC 29170 
P:803.822.3177 
F:803.822.3183 
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1.0 introduction

The shortnose sturgeon is an anadromous species that inhabits estuaries and rivers along the eastern coast of North America (NMFS, 1998).  Once adults reach sexual maturity, they migrate to upper reaches of rivers to spawn from late winter to early spring.  The shortnose sturgeon was federally listed as endangered on March 11, 1967.  Since that time, the National Marine Fisheries Service (NMFS) has recognized South Carolina as one of the 19 distinct population segments of shortnose sturgeon (NMFS, 1998).  Much of the Santee River Basin is thought to be within the historic range of the shortnose sturgeon (Welch 2000, Newcomb and Fuller 2001).  Within the basin, shortnose sturgeon have been documented downstream of the dams associated with the Santee-Cooper Lakes (Marion and Moultrie) and in the lower reaches of both the Santee and Cooper Rivers (Collins et al. 2003; Cooke et al. 2002, 2004).

There are many reasons that shortnose sturgeon are at risk.  From the early colonial times, both shortnose and Atlantic sturgeon populations were extensively overharvested; further pollution and the construction of dams over time have also played a role in depleting populations, with declines attributed primarily to degradation of habitat.  Currently, the Cooper River shortnose sturgeon population is believed to be one of the most significant, with population estimates over a three-year period yielding an average of approximately 200 fish migrating upstream to the base of the Pinopolis Dam annually (Cooke et al. in press).   In addition to this river population, a “dam-locked” population of shortnose sturgeon has also been documented within and upstream of the Santee-Cooper Lakes (Collins et al. 2003).  While research to date suggests that Lake Marion and its tributaries harbor the most significant population (Collins et al. 2003), no population estimates are currently available for the Santee-Cooper Lakes and its tributaries.

As noted above, the shortnose sturgeon is federally listed as endangered under the Endangered Species Act (ESA) and falls under jurisdiction of the National Oceanographic and Atmospheric Administration – National Marine Fisheries Service (NMFS).  Under Section 18 of the Federal Power Act, the NMFS also has mandatory conditioning authority for fishway prescription at all FERC licensed hydro projects when diadromous species, such as shortnose sturgeon, are involved.  In addition, the shortnose sturgeon is among the target species identified by the NMFS, South Carolina Department of Natural Resources (SCDNR), and U.S. Fish and Wildlife Service (USFWS) as a target species in the “Santee Cooper Basin Diadromous Fish Passage Restoration Plan” (USFWS et al. 2001), which was submitted to and accepted by FERC as a Comprehensive Plan under Section 10 (a)(2)(a) of the Federal Power Act.  In response to comments and study requests provided by NMFS and the SCDNR during the initial stages of the Saluda Relicensing Project, SCE&G conducted sampling in the Saluda-Upper Congaree Sub-basin.  Specific study objectives include:


· To document whether or not shortnose sturgeon are utilizing areas of the Saluda and Congaree rivers downstream of the Saluda Hydro Project;

· If sturgeon are found to be present, to document their relative abundance and spatial and temporal patterns;


· If shortnose sturgeon are present, determine whether or not spawning is taking place downstream of the Saluda Hydro Project;


· If possible, characterize usage of this reach of the Saluda and Congaree relative to water quality and habitat data; and


· Cooperate, to the extent feasible, with population genetics and other studies being conducted by the SCDNR to determine the status of shortnose sturgeon in the Santee River Basin.


2.0 methods

Since, upstream spawning migrations of shortnose sturgeon are triggered when water temperatures increase to 8-9(C.   Sampling was conducted during late-winter and spring of 2007 (approximately the first week of February through the end of April) when shortnose sturgeon would be expected to migrate into the Piedmont rivers to spawn.


Typical spawning habitat includes gravel, rubble, large rock, sand, logs and cobble with moderate river flow (Duncan et al. 2004).  Shortnose sturgeon primarily feed on mollusks, crustaceans, insect larvae and worms (NMFS, 1998).  Based on this information and consultation with NMFS and SCDNR, it was determined that sampling would focus on the Saluda-Upper Congaree Sub-basin, from the vicinity of the Rosewood Boat Landing adjacent to downtown Columbia, upstream to the Saluda Hydro Project Dam on the Saluda River and the Columbia Canal Diversion Dam on the lower Broad River.  Specifically, the following sites were sampled:

· Downstream of the Saluda Hydro Dam in the vicinity of the USGS gage;

· The vicinity of SCE&G’s Gardendale canoe landing on the lower Saluda River;


· Upstream of the old Granby Lock and Dam on the Congaree River; and


· The vicinity of the Rosewood Boat Landing on the Congaree River.


2.1 Sampling for Adult/Juvenile Shortnose Sturgeon


The four sites were sampled weekly (one day per week) for adult and juvenile shortnose sturgeon from the first week of February through the end of April using standard gillnetting techniques.  Specifically, 100 ft-long monofilament nets, with alternating 25 foot-long panels of 5-inch and 7-inch stretch mesh.  Gillnets were set beginning at daybreak of each sampling day and were fished for approximately eight hours.  To meet necessary precautions to ensure that sturgeon were not harmed, gillnets were checked every two hours.  To keep sampling consistent, gillnets were set in the same location at each site during the three month sample period.

2.2 Sampling for Shortnose Sturgeon Larvae and Eggs

Ichthyoplankton nets were fished in conjunction with the gillnets to sample for the presence of shortnose sturgeon larvae and eggs.  Specifically, one 2mm “D-shaped” drift net fitted with a General Oceanic flowmeter, was fished in the general vicinity of each gillnet location.  Revolution counter data from the flow meter was recorded before and after each net set to determine the volume of water sampled through each net at each location.  Nets were anchored upstream in sufficient flow to sample effectively.  Samples from egg nets were preserved in ethyl alcohol and were returned to the laboratory for identification.  Water temperature, dissolved oxygen,  and conductivity levels were recorded after each egg net was pulled.  Bycatch was identified, measured and released upon catch.

3.0 results

Gillnets were fished (on average) eight hours a day with a total of 344 net hours.  No adult shortnose sturgeon were captured during the three month study period from February through April 2007 in the lower Saluda and Congaree Rivers.  A total of 29 fish representing nine different species were collected during netting (Table 1) which yielded a 0.08 fish/hour catch per unit of effort.  Total length of bycatch are also presented in Table 1 by date and location.

No eggs or juvenile shortnose sturgeon were captured while sampling with the ichthyoplankton nets.   A total of  37,054 m3 of water was sampled during the three month study period.  Total volume of water sampled for each net set by location is presented in Table 2.  Water quality measurements for each sampling period are presented in Table 3.

Table 1:
Fish Collected During the Saluda – Shortnose Sturgeon Study Presented by Date and Location

		DATE

		LOCATION

		SPECIES

		COMMON NAME

		TOTAL LENGTH (MM)



		2/20/2007

		Rosewood Boat Landing

		Dorosoma cepedianum

		Gizzard Shad

		46.7



		2/20/2007

		Rosewood Boat Landing

		Dorosoma cepedianum

		Gizzard Shad

		48.8



		2/27/2007

		Saluda Hydro Dam

		Micropterus salmoides

		Largemouth Bass

		55



		2/27/2007

		Saluda Hydro Dam

		Hypentelium nigricans

		Northern Hogsucker

		43



		3/1/2007

		Rosewood Boat Landing

		Morone saxatilis

		Striped Bass

		44.5



		3/8/2007

		Saluda Hydro Dam

		Hypentelium nigricans

		Northern Hogsucker

		44.4



		3/8/2007

		Gardendale

		Moxostoma collapsum

		Notchlip Redhorse

		49.8



		3/8/2007

		Gardendale

		Minytrema melanops

		Spotted Sucker

		58.8



		3/14/2007

		Rosewood Boat Landing

		Morone saxatilis

		Striped Bass

		62.3



		3/21/2007

		Granby Lock and Dam

		Cyprinus carpio

		Common Carp

		71



		3/21/2007

		Granby Lock and Dam

		Minytrema melanops

		Spotted Sucker

		53.7



		3/22/2007

		Saluda Hydro Dam

		Dorosoma cepedianum

		Gizzard Shad

		38.4



		3/26/2007

		Granby Lock and Dam

		Ictalurus furcatus

		Blue Catfish

		65.4



		3/26/2007

		Granby Lock and Dam

		Micropterus salmoides

		Largemouth Bass

		46.5



		3/26/2007

		Granby Lock and Dam

		Carpiodes cyprinus

		Quillback

		45.1



		4/11/2007

		Saluda Hydro Dam

		Minytrema melanops

		Spotted Sucker

		52.9



		4/17/2007

		Granby Lock and Dam

		Cyprinus carpio

		Common Carp

		67.9



		4/17/2007

		Granby Lock and Dam

		Carpiodes cyprinus

		Quillback

		44.4



		4/17/2007

		Rosewood Boat Landing

		Morone saxatilis

		Striped Bass

		68



		4/17/2007

		Rosewood Boat Landing

		Morone saxatilis

		Striped Bass

		50.7



		4/17/2007

		Rosewood Boat Landing

		Morone saxatilis

		Striped Bass

		57.5



		4/25/2007

		Rosewood Boat Landing

		Carpiodes cyprinus

		Quillback

		44.6



		4/25/2007

		Granby Lock and Dam

		Carpiodes cyprinus

		Quillback

		34.9



		4/25/2007

		Granby Lock and Dam

		Carpiodes cyprinus

		Quillback

		34.5



		4/25/2007

		Granby Lock and Dam

		Ictalurus punctatus

		Channel Catfish

		54.5



		4/25/2007

		Granby Lock and Dam

		Cyprinus carpio

		Common Carp

		67



		4/25/2007

		Granby Lock and Dam

		Carpiodes cyprinus

		Quillback

		42.5



		4/25/2007

		Granby Lock and Dam

		Carpiodes cyprinus

		Quillback

		39.5



		4/26/2007

		Saluda Hydro Dam

		Micropterus salmoides

		Largemouth Bass

		84.2





Table 2:
Total Volume of Water Sampled Through Each Ichthyoplankton Nets by Location

		DATE

		LOCATION

		TOTAL VOLUME (M3)



		2/6/2007

		Granby Lock and Dam

		99.5



		2/6/2007

		Rosewood Boat Landing

		5.4



		2/7/2007

		Gardendale

		0.2



		2/7/2007

		Saluda Hydro Dam

		0.4



		2/14/2007

		Gardendale

		6.8



		2/14/2007

		Saluda Hydro Dam

		0.1



		2/15/2007

		Rosewood Boat Landing

		793.8



		2/15/2007

		Granby Lock and Dam

		30.2



		2/20/2007

		Rosewood Boat Landing

		17749.9



		2/20/2007

		Granby Lock and Dam

		223.5



		2/22/2007

		Gardendale

		0.09



		2/22/2007

		Saluda Hydro Dam

		0.7



		2/27/2007

		Saluda Hydro Dam

		90.2



		2/27/2007

		Gardendale

		0.6



		3/1/2007

		Rosewood Boat Landing

		2347.8



		3/1/2007

		Granby Lock and Dam

		258.8



		3/8/2007

		Saluda Hydro Dam

		14.8



		3/8/2007

		Gardendale

		3601.6



		3/14/2007

		Granby Lock and Dam

		0.4



		3/14/2007

		Rosewood Boat Landing

		775.3



		3/15/2007

		Saluda Hydro Dam

		0.6



		3/21/2007

		Rosewood Boat Landing

		1217.7



		3/21/2007

		Granby Lock and Dam

		1539.9



		3/22/2007

		Saluda Hydro Dam

		1.3



		3/22/2007

		Gardendale

		10.2



		3/26/2007

		Granby Lock and Dam

		1875.4



		3/26/2007

		Rosewood Boat Landing

		701.1



		3/29/2007

		Saluda Hydro Dam

		19.4



		3/29/2007

		Gardendale

		0.6



		4/5/2007

		Saluda Hydro Dam

		0.9



		4/5/2007

		Gardendale

		1.0



		4/6/2007

		Rosewood Boat Landing

		728.9



		4/10/2007

		Rosewood Boat Landing

		1570.2



		4/10/2007

		Granby Lock and Dam

		255.2



		4/11/2007

		Saluda Hydro Dam

		311.1



		4/11/2007

		Gardendale

		1.7



		4/17/2007

		Granby Lock and Dam

		78.6



		4/17/2007

		Rosewood Boat Landing

		105.2



		4/18/2007

		Gardendale

		11.2



		4/18/2007

		Saluda Hydro Dam

		27.5



		4/25/2007

		Rosewood Boat Landing

		652.5



		4/25/2007

		Granby Lock and Dam

		1489.8



		4/26/2007

		Gardendale

		1.0



		4/26/2007

		Saluda Hydro Dam

		450.5





Table 3:
Water Quality Measurements by Date and Location


		DATE

		LOCATION

		TIME

		WATER TEMPERATURE (˚C)

		DISSOLVED OXYGEN (Mg/L)

		CONDUCTIVITY (µS)



		2/6/2007

		Granby Lock and Dam

		

		6.7

		12.3

		80.3



		2/6/2007

		Rosewood Boat Landing

		

		6.7

		12.3

		80.3



		2/7/2007

		Gardendale

		1:30 PM

		10.2

		9.8

		



		2/7/2007

		Saluda Hydro Dam

		2:00 PM

		11.1

		10.5

		



		2/14/2007

		Gardendale

		3:10 PM

		11.4

		8.0

		63.7



		2/14/2007

		Saluda Hydro Dam

		4:45 PM

		11

		8.7

		62.9



		2/15/2007

		Rosewood Boat Landing

		3:20 PM

		9.2

		10.1

		53



		2/15/2007

		Granby Lock and Dam

		3:50 PM

		10.1

		10.1

		53



		2/20/2007

		Rosewood Boat Landing

		12:45 PM

		9.7

		10.3

		59.7



		2/20/2007

		Granby Lock and Dam

		12:45 PM

		9.7

		10.3

		59.7



		2/22/2007

		Gardendale

		3:05 PM

		11.9

		9.8

		63



		2/22/2007

		Saluda Hydro Dam

		4:25 PM

		10.8

		9.4

		84



		2/27/2007

		Saluda Hydro Dam

		3:10 PM

		11

		10.6

		84



		2/27/2007

		Gardendale

		4:00 PM

		11.3

		10.8

		86



		3/1/2007

		Rosewood Boat Landing

		3:30 PM

		12

		7.1

		86.6



		3/1/2007

		Granby Lock and Dam

		11:35 AM

		11.9

		7.5

		84



		3/8/2007

		Saluda Hydro Dam

		3:24 PM

		11.2

		10.4

		82.6



		3/8/2007

		Gardendale

		4:30 PM

		12.9

		10.2

		86.4



		3/14/2007

		Granby Lock and Dam

		5:20 PM

		11.3

		9.1

		84.1



		3/14/2007

		Rosewood Boat Landing

		4:35 PM

		14

		9.1

		83



		3/15/2007

		Saluda Hydro Dam

		2:40 PM

		11.7

		6.3

		84.3



		3/15/2007

		Gardendale

		4:36 PM

		12.8

		9.2

		84.8



		3/21/2007

		Rosewood Boat Landing

		3:14 PM

		16.4

		17.7

		



		3/21/2007

		Granby Lock and Dam

		3:14 PM

		16.4

		17.7

		



		3/22/2007

		Saluda Hydro Dam

		3:15 PM

		11.5

		9.6

		87.5



		3/22/2007

		Gardendale

		3:54 PM

		13

		9.5

		86.7



		3/26/2007

		Granby Lock and Dam

		4:00 PM

		17.8

		9.4

		88



		3/26/2007

		Rosewood Boat Landing

		2:45 PM

		17.6

		9.2

		88



		3/29/2007

		Saluda Hydro Dam

		2:40 PM

		11.2

		8.4

		87



		3/29/2007

		Gardendale

		4:00 PM

		9.8

		11.6

		88.2



		4/5/2007

		Saluda Hydro Dam

		3:10 PM

		12

		11.2

		



		4/5/2007

		Gardendale

		5:15 PM

		13.6

		10.7

		88.4



		4/6/2007

		Rosewood Boat Landing

		1:29 PM

		19.4

		10.8

		



		4/6/2007

		Granby Lock and Dam

		2:26 PM

		16.6

		11.9

		



		4/10/2007

		Rosewood Boat Landing

		3:45 PM

		15.6

		9.9

		92.1



		4/10/2007

		Granby Lock and Dam

		3:05 PM

		15.5

		11.6

		91



		4/11/2007

		Saluda Hydro Dam

		3:05 PM

		11.4

		10.1

		84.5



		4/11/2007

		Gardendale

		4:15 PM

		11.7

		9.9

		



		4/17/2007

		Granby Lock and Dam

		1:30 PM

		17.3

		10

		



		4/17/2007

		Rosewood Boat Landing

		1:15 PM

		17.3

		10.3

		



		4/18/2007

		Gardendale

		3:00 PM

		12.6

		11.0

		



		4/18/2007

		Saluda Hydro Dam

		1:56 PM

		12

		10.8

		



		4/25/2007

		Rosewood Boat Landing

		1:40 PM

		21.8

		9.4

		84



		4/25/2007

		Granby Lock and Dam

		12:59 PM

		20.8

		10.7

		88.4



		4/26/2007

		Gardendale

		2:35 PM

		14.2

		11.1

		85.2



		4/26/2007

		Saluda Hydro Dam

		7:33 PM

		12.4

		11.8

		85.4





4.0 discussion

Adult shortnose sturgeon are known to occur in the Santee River Basin.  However, to date no shortnose sturgeon have been documented in the Lower Saluda River (LSR).  Gillnet collections indicate that shortnose sturgeon likely did not use the LSR for spawning during the 2007 sampling period.  Radio-telemetry studies conducted by the SCDNR have provided significant insight into the movements and habitat use of the Santee-Cooper Lakes shortnose sturgeon.  Collins et al. (2003) documented migration of Lake Marion shortnose sturgeon to a spawning site on the Congaree River just south of the city of Columbia (approximately 15 miles downstream of the Saluda Hydro Project).  Other telemetry studies, in which Cooper River sturgeon were captured, radio-tagged, and released upstream in the Santee-Cooper Lakes, documented migration as far upstream as the old Granby Lock and Dam on the Congaree River and near the town of Wateree, SC on the Wateree River (Isely 2002; Doug Cooke, SCDNR, Pers. Comm.).

The two locations sampled on the Congaree River for this study, were located above and below the old Granby Lock and Dam, which is four miles upstream of the most recent upstream migration documented by Collins et al. (2003).  Presence of shortnose sturgeon in the vicinity of Granby Lock and Dam was also confirmed by collection of a single specimen during sampling related to relicensing of Duke Power’s Catawba-Wateree Project in March 2004 (Duke Power, 2004).  These studies suggest that shortnose sturgeon have the ability to migrate into Piedmont reaches of the Santee Basin downstream of the Saluda Project; however, no shortnose sturgeon were captured in the lower Saluda and Congaree Rivers during the 2007 study.

Lack of presence of shortnose sturgeon in the LSR seems to be consistent with their spawning requirements.  Adult shortnose sturgeon exhibit upriver migrations once water temperatures increase to 22 ˚C.  During the course of this study, water temperatures in the LSR did not exceed 15˚C, suggesting that shortnose sturgeon likely do not use the LSR for spawning.

5.0 literature cited


Collins, M. R., D. Cooke, B. Post, J. Crane, J. Bulak, T. I. J. Smith, T. W. Greig, J. M. Quattro.  2003.  Shortnose Sturgeon in the Santee-Cooper Reservoir System, South Carolina. Transactions of the American Fisheries Society 132:1244-1250.


Cooke, D. W. and S. D. Leach. 2004.  Implications of a Migration Impediment on Shortnose Sturgeon Spawning.  North American Journal of Fisheries Management 24: 1460-1468.


Cooke, D. W., J. P. Kirk, J. J.V. Morrow and S. D. Leach.  In Press.  Population Dynamics of a Migration Limited Shortnose Sturgeon Population.  Proceedings of the Southeastern Association of Fish and Wildlife Agencies.

Cooke, D. W., S. D. Leach and J. J. Isely. 2002.  Behavior and lack of upstream passage of shortnose sturgeon at a hydroelectric facility/navigation lock complex.  American Fisheries Society Symposium 28: 101-110. 


Duke Power.  2004.  Catawba – Wateree Hydro Project Study Plan: Diadromous Fish Studies.  Available at http://www.dukepower.com/community/lakes/cw/library/plans/aquatics3.pdf Last accessed August 31, 2005.


Duncan, M.S., J. J. Isely and D. W. Cooke.  2004.  Evaluation of Shortnose Sturgeon Spawning in the Pinopolis Dam Tailrace, South Carolina.  North American Journal of Fisheries Management 24: 932-938.


Isely, J. J. 2002. Final Report: Shortnose Sturgeon Movement and Spawning in the Santee Cooper System.  South Carolina Cooperative Fish and Wildlife Research Unit, USGS Biological Resources.  Division, Clemson, SC: 37 pp.

Moser, M.L., M. Bain, M.R. Collins, H. Haley, B. Kynard, J.C. O’Herron II, G. Rogers, and T.S. Squires.  2000.  A Protocol for Use of Shortnose and Atlantic Sturgeons.  NOAA Technical Memorandum NMFS-OPR-18.


National Marine Fisheries Service (NMFS) 1998.  Final Recovery Plan for the Shortnose Sturgeon (Acipenser brevirostrum). National Oceanic and Atmospheric Administration Report. 104 pp.


Newcomb, T.J. and J.S. Fuller.  2001.  Anadromous and Catadromous Fish Survey of Santee/Cooper Basin in North Carolina and South Carolina.  Department of Fisheries and Wildlife Sciences, Virginia Polytechnic Institute and State University, Blacksburg, VA.  Final Report, Prepared for Duke Power, June 25, 2001. 25 pp.


United States Fish and Wildlife Service, National Marine Fisheries Service, and South Carolina Department of Natural Resources.  2001.  Santee-Cooper Basin Diadromous Fish Passage Restoration Plan.

Welch, S.M.  2000.  A Report on the Historical Inland Migrations of Several Diadromous Fishes in South Carolina Rivers.  Department of Aquaculture, Fisheries and Wildlife, Clemson University, Clemson, SC.  Report prepared for Mr. Douglas W. Cook, South Carolina Department of Natural Resources.  December 4, 2000.  19 pp.


APPENDIX A

STUDY PLAN:  STATUS OF THE SHORTNOSE STURGEON IN THE LOWER SALUDA RIVER AND UPPER CONGAREE RIVER

SALUDA HYDRO PROJECT (FERC NO. 516)


STUDY PLAN


Study Plan Name:
Status of the Shortnose Sturgeon in the Lower Saluda and Upper Congaree Rivers


Applicable Hydro Projects:
Saluda Hydro FERC No. 516


I. Study Objective


The purpose of this study will be to document shortnose sturgeon (Acipenser brevirostrum) usage downstream of the Saluda Hydroelectric Project as part of efforts by SCE&G to acquire a new Federal Energy Regulatory Commission (FERC) operating license for the project.  This study responds directly to comments and study requests provided by National Oceanographic and Atmospheric Administration - National Marine Fisheries Service (NMFS) and the South Carolina Department of Natural Resources (SCDNR) during the initial stages of the Saluda Project relicensing.


The objectives of this proposed study are as follows:


· To document whether or not shortnose sturgeon are utilizing areas of the Saluda and Congaree rivers downstream of the Saluda Hydroelectric Project;


· If sturgeon are found to be present, to document their relative abundance and spatial and temporal patterns (i.e., how many there are, where they are located, and at what times of the year);


· If shortnose sturgeon are present, determine whether or not spawning is taking place downstream of the Saluda Hydroelectric Project;


· If possible, to characterize usage of this reach of the Saluda and Congaree relative to water quality and habitat data; and


· Cooperate, to the extent feasible, with population genetics and other studies being conducted by the SCDNR to determine the status of shortnose sturgeon in the Santee River Basin.


II. Basis


The shortnose sturgeon is federally listed as endangered under the Endangered Species Act (ESA) and falls under the jurisdiction of the National Oceanographic and Atmospheric Administration - National Marine Fisheries Service (NMFS).  Under Section 18 of the Federal Power Act, the NMFS also has mandatory conditioning authority for fishway prescription at all FERC licensed hydro projects when diadromous species, such as shortnose sturgeon, are involved.  In addition, the shortnose sturgeon is among the target species identified by the NMFS, SCDNR, and U.S. Fish and Wildlife Service (USFWS) as target species in the Santee Cooper Basin Diadromous Fish Passage Restoration Plan (USFWS et al. 2001), which has been submitted to and accepted by FERC as a Comprehensive Plan under Section 10(a)(2)(a) of the Federal Power Act.  In addition to providing the baseline information needed to address such regulatory requirements, this study will likely provide valuable information regarding the status of the shortnose sturgeon in a portion of its historic range that has not been sampled in recent history.  Sampling directed towards “areas where shortnose sturgeon historically occurred but have not been recorded in recent time” has been cited as an important recovery goal for the species (NMFS 1998).


III. Geographic and Temporal Scope


Temporal Scope: The study is scheduled to begin in February 2006 and continue through 2007 (2 years of study).  Based on the findings of the initial 2 years of study and consultation with NMFS and the SCDNR, additional work may be scheduled.


On an annual basis, sampling will be conducted during late-winter and spring (Approximately February 1 through the end of April) when shortnose sturgeon would be expected to migrate into Piedmont rivers to spawn.

Geographic Scope: In consultation with NMFS and SCNDR, it has been determined that sampling likely should focus on the Saluda-Upper Congaree Sub-basin, from the vicinity of the Rosewood Boat Landing (also known as Barney Jordan Landing) adjacent to downtown Columbia,  upstream to the Saluda Project Dam on the Saluda River and the Columbia Canal Diversion Dam on the lower Broad River.  Within this area, the following potential sampling sites have been identified (Figure1):


1. Downstream and in the vicinity of the Saluda Project dam;


2. The vicinity of SCE&G’s Gardendale canoe landing on the Saluda River;


3. Upstream of the old Granby Lock and Dam on the Congaree River; and


4. The vicinity of the Rosewood Boat Landing on the Congaree River.


IV. Summary of Existing Data


Much of the Santee Basin, including the portion of the Saluda Basin encompassed by the Saluda Project, is thought to be within the historic range of the shortnose sturgeon (Welch 2000, Newcomb and Fuller 2001).  Within the basin, shortnose sturgeon have been documented downstream of the dams associated with the Santee-Cooper Lakes (Marion and Moultrie) in the lower reaches of both the Santee and Cooper rivers (Collins et al. 2003; Cooke et al. 2002, 2004).  The Cooper River population is believed to be the most significant, with population estimates over a three-year period yielding an average of approximately 200 fish migrating upstream to the base of the Pinopolis Dam annually (Cooke et al. in press).  An additional dam-locked population of shortnose sturgeon has been documented within and upstream of the Santee-Cooper Lakes (Collins et al. 2003).  While research to date suggests that Lake Marion and its tributaries harbor the most significant population (Collins et al. 2003), no population estimates are currently available for the Santee-Cooper Lakes and its tributaries.


Radio-telemetry studies conducted by the SCDNR have provided significant insight into the movements and habitat use of Santee-Cooper Lakes shortnose sturgeon.  Collins et al. (2003) documented migration of Lake Marion shortnose sturgeon to a spawning site on the Congaree River just south of the city of Columbia (approximately 15 miles downstream of the Saluda Project).  Further telemetry studies, in which Cooper River sturgeon were captured, radio-tagged, and released upstream in the Santee-Cooper Lakes, documented migration as far upstream as upstream of the old Granby Lock and Dam on the Congaree River and near the town of Wateree, SC on the Wateree River (Isely 2002; Doug Cooke, SCDNR, Pers. Comm.).  The old Granby Lock and Dam is located adjacent to downtown Columbia, approximately 11 miles downstream of the Saluda Project and an additional 4 miles upstream of the most upstream migration documented by Collins et al. (2003).  Presence of shortnose sturgeon in the vicinity of Granby Lock and Dam was also confirmed by collection of a single specimen during sampling related to relicensing of Duke Power’s Catawba-Wateree Project in March 2004 (Duke Power 2004).  These studies suggest that shortnose sturgeon have the ability to migrate into Piedmont reaches of the Santee Basin downstream of the Saluda Project; however, no directed sampling effort has been undertaken within recent history to document the species.


The SCDNR has and continues to conduct population genetics studies aimed at delineating distinct population segments and estimated emigration and colonization rates.  Collins et al. (2003) found significant genetic differences between Santee-Cooper lakes shortnose sturgeon and samples from three nearby rivers (Ogeechee, Savannah, and Edisto).  Although not statistically significant, the study also observed appreciable differences in haplotype frequency between samples collected from reservoir shortnose sturgeon and those collected below the dam in the Cooper River.  The authors noted that these results suggest that there may be some degree of genetic isolation between the shortnose sturgeon residing above and below the Santee-Cooper dams, but additional samples are needed from upstream areas.


V. Methodology


Sampling for Adult/Juvenile Shortnose Sturgeon


Adult and juvenile shortnose sturgeon will be sampled weekly (one day per week) during the sampling period using standard gillnetting techniques.  Gillnetting will utilize one approximately 100 ft-long monofilament net at each sampling location (Figure 1), with alternating 25 foot-long panels of 5 inch (12.7 cm) and 7-inch (17.8 cm) stretch mesh.  Nets will be set beginning at daybreak of each sampling day and fished for approximately 8 hours.  During the initial phase of the study, gillnets will be checked every 2 hours.  Gillnet soak times may be adjusted based on field experience, but will always fall within the guidelines described by in ‘A Protocol for Use of Shortnose and Atlantic Sturgeons’ (Protocol, Moser et al. 2000).  Individual sturgeon will not be targeted for recapture on an annual basis.  As such, gillnets may be repositioned within the general area of each sampling location (i.e. moved 100 to 150 yards) to minimize risk of exposure to the gear.


All captured sturgeon will be examined, measured for total length (mm), weighed (0.1 kg), and scanned for presence of a Passive Integrated Transponder (PIT) tag.  If untagged, each fish will be tagged with a PIT tag as recommended in the Protocol.  The PIT tags will be injected just under the skin on the left side of the fish, posterior to the dorsal fin, using a syringe equipped with a 12 to 8-gauge needle.  PIT tags will not exceed 32 mm x 3.1 mm, and generally will be smaller (e.g., Biomark model TX1405L, 14 mm x 2.1 mm).  In addition, external streamer dart tags (e.g. Floy Tag model FT-1-94) may be attached in the dorsal musculature by puncturing the skin and muscle with an 8-gauge needle.  In some instances, a small (1 cm2 or less) non-deleterious tissue sample, clipped with surgical scissors from the pelvic fin, may be taken from captured sturgeon to contribute to the SCDNR’s population genetics studies (i.e. to determine population of origin).  Tissue collection will follow the Protocol, with all samples stored in ethyl alcohol.  Any tissue collections will be closely coordinated with the SCDNR, with all tissues archived by:

Julie Carter


NOAA


219 Fort Johnson Rd.


Charleston, SC 29412


All adult and juvenile sturgeon captured will be placed in a live car (or equivalent device as recommended in the Protocol) and processed one at a time before making additional capture attempts.  The live car will be constructed as specified in the Protocol, with bilge pumps used for water exchange and an external oxygen supply.  The water supply to fill the live car will be taken from the ambient river system and all water quality criteria for the live car will follow NMFS guidelines, as established in the Protocol.  Fish will be handled as little as possible and will always be supported in at least two places while out of the water to avoid stress to the vertebral column (as recommended in the Protocol).  Processing time for each fish is expected to be 10 minutes or less.  Maximum holding time for captured shortnose sturgeon will follow the Protocol, and will not exceed 30 minutes when water temperatures exceed 27ºC and 2 hours when water temperatures are 27ºC or less.  After processing, all captured shortnose sturgeon will be released at the point of capture.  A measurement of water temperature (ºC) and dissolved oxygen (mg/L) will also be taken at each location.


Results of gillnet sampling, including estimates of relative abundance and Catch per Unit Effort (number of fish/net hours fished), will be compared by date and location and presented in the final report.  In addition, a species list will be compiled of all species encountered during the study.


Sampling for Shortnose Sturgeon Larvae and Eggs


Ichthyoplankton nets will be fished in conjunction with gillnets, whenever possible, to sample for the presence of shortnose sturgeon eggs and larvae.  Specifically, one D-shaped or rectangular drift net (maximum mesh size 2mm), equipped with flowmeter, will be fished in the general vicinity of each gillnetting location (Figure 1).  Nets will be anchored facing upstream in sufficient flow to sample effectively and will be deployed for a maximum of 24 hours (as recommended in the Protocol).


Samples from egg nets will be preserved in ethyl alcohol and returned to the laboratory for identification.  All eggs collected will be examined to determine stage and all larval specimens will be measured for standard length (0.1 mm).  Larval densities (number / cm3) will be calculated, compared by date and location, and presented in the final report.


VI. Schedule and Required Conditions


Sampling for adult, juvenile, and larval shortnose sturgeon will begin in February 2006.  A brief report summarizing the 2006 sampling results will be issued by November 1, 2006, with a more comprehensive final report issued by December 31, 2006.  The final report will include all sampling results and conclusions regarding presence and population status of shortnose sturgeon.


VII. Use of Study Results


Results of the shortnose sturgeon sampling will be used as an information resource during discussion of relicensing issues with the SCDNR, NMFS, USFWS, relicensing issue working groups, and other relicensing stakeholders.


VIII. Study Participants


		

		NAME

		ORGANIZATION

		PHONE

		E-MAIL



		Applicant Leads

		Stephen E. Summer

		SCANA Services

		(803)217-7357

		ssummer@scana.com



		

		Milton Quattlebaum

		SCANA Services

		(803)217-8262

		mquattlebaum@scana.com



		

		Alan W. Stuart

		Kleinschmidt

		(803)822-3177

		alan.stuart@kleinschmidtusa.com



		

		Shane Boring

		Kleinschmidt

		(803)822-3177

		shane.boring@kleinschmidtusa.com



		

		Jennifer Summerlin

		Kleinschmidt

		(803)822-3177

		



		Agency Leads

		Dick Christie 

		SCDNR

		(803)289-7022

		dchristie@infoave.net



		

		Amanda Hill

		USFWS

		(843)727-4707 x24

		Amanda_hill@fws.gov



		

		Prescott Brownell

		NOAA Fisheries

		(843)762-8591

		Prescott.brownell@noaa.gov



		Other Participants

		William Argentieri

		SCE&G

		(803)217-9162

		bargentieri@scana.com



		

		Randy Mahan

		SCANA Services

		(803)217-9538

		rmahan@scana.com





IX. List of Attachments


ATTACHMENT A:
Map of Shortnose Sturgeon Sampling Locations on the Lower Saluda and Upper Congaree Rivers
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Attachment A:
Preliminary Shortnose Sturgeon Sampling Area
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From: Shane Boring
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; 

Bob Seibels (bseibels@yahoo.com); Gerrit Jobsis (American Rivers); 
J. Hamilton Hagood; Jennifer Hand; Jim Glover; Randy Mahan; Ron Ahle; 

Subject: Saluda Relicensing: Draft Rare, Threatened and Endangered Species Assessment
Date: Monday, October 08, 2007 9:10:22 AM

All: 
Just a reminder that comments on the draft Rare, Threatened and Endangered Species Assessment for 
Saluda Hydro Relicensing were due this past Thursday, October 4th.  For those still wishing to provide 
comments, please have those to me by this Friday, October 12th.  Many thanks to those who have provided 
comments thus far.  
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

Subject: FW: Charts
Date: Wednesday, December 12, 2007 9:33:48 PM
Attachments: RAINBOW TROUT.xls 

BROWN TROUT.xls 

 
Here are the trout lifestage and WUA tables that Kevin prepared for tomorrow's session.  Thanks for all 
of your input. 
Shane 
 -----Original Message----- 
From:  Kevin Nebiolo   
Sent: Wednesday, December 12, 2007 6:34 PM 
To: Shane Boring 
Cc: Brandon Kulik 
Subject: Charts 
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				RBT Adult				RBT Juvenile				RBT Fry				RBT Spawning

				Flow Range		Max WUA		Flow Range		Max WUA		Flow Range		Max WUA		Flow Range		Max WUA

		Corley		800 - 2000		163,917		X		X		X		X		X		X

		Ocean Blvd/Oh Brother		700 - 3000		170,438		500 - 2000		106,985		400 - 800		49,688		1400 - 10000		121,181

		Point Bar		600 - 2000		238,512		X		X		X		X		X		X

		Reach 2 Run		300 - 3000		208,599		300 - 1400		111,017		X		X		X		X

		Reach 4 Run		400 - 1200		168,840		X		X		X		X		X		X

		Shandon		400 - 2000		353,770		300 - 3000		252,081		300 - 800		198,784		1200 - 3000		139,375

		Toenail		700 - 2000		164,735		X		X		500 - 1000		46,521		800 - 2000		99,462
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		Toenail		1600 - 4000		86,119		800 - 2000		103,115		X		X		800 - 2000		14,584
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From: Kustafik, Karen
To: Alison Guth; 
Subject: RE: Aquatic Studies Next Week
Date: Friday, June 01, 2007 1:00:10 PM

Aaaah, studies.  We just concluded the Rocky Shoals Spider Lily survey 
this week.  Yay!
 
I want to let you know that Andy Grizzell and I will be on the water 1-5 
Tuesday -Friday with kids from summer camp.  We will certainly stay alert 
for cables and survey staff.  Tuesday and Wednesday will be Millrace 1 & 
2 areas, probably downsteam to Gervias Thursday & Friday.
 
Happy Weekend, Karen

-----Original Message----- 
From: Alison Guth [mailto:Alison.Guth@KleinschmidtUSA.com] 
Sent: Friday, June 01, 2007 12:44 PM 
To: Winward point Yacht Club ; Aaron Small; Axson, William; Alan 
Stuart; aharmon@lpagroup.com; Alison Guth; Amanda Hill; Amy 
Bennett; Andy Miller; Bertina Floyd; Bill Argentieri; Bill Brebner ; 
Bill East; BGreen@smeinc.com; Bill Hulslander; Bill Marshall; Bill 
Mathias; Bob Olsen; bseibels@yahoo.com; Brandon Stutts ; Bret 
Hoffman; Brett Bursey; btrump@scana.com; Bud Badr; Buddy 
Baker ; Charlene Coleman; Charles Floyd; Charlie Compton; 
Charlie Rentz; Chris Page; ccantley@scdah.state.sc.us; Daniel 
Tufford; Dave Anderson; Dave Landis; David Allen; David 
Hancock; David Jones; David Price; Dee Dee Simmons ; Dick 
Christie; Don Tyler; Donald Eng; Ed Diebold; duncane@mrd.dnr.
state.sc.us; Edward Schnepel; aregaf@dnr.sc.gov; George Duke; 
Gerrit Jobsis (American Rivers); Gina Kirkland; Guy Jones; Hal 
Beard; Hank McKellar; ipitts@scprt.com; J. Hamilton Hagood; Jay 
Schabacher ; Jeff Duncan; Jennifer O'Rourke; Jennifer Price ; Jerry 
Wise; Jim Devereaux; Jim Glover; Jim Goller; Jim Ruane ; JoAnn 
Butler; Joe Logan; Joel Huggins ; John and Rob Altenberg; 
johned44@bellsouth.net; John Frick; Jon Leader; Joy Downs; 
Kustafik, Karen; Keith Ganz-Sarto; Ken Styer ; Ken Uschelbec; 
Kenneth Fox; Kim Westbury; Kristina Massey; turnerle@dhec.sc.
gov; Lee Barber; Linda Lester ; Linda Schneider ; Malcolm 
Leaphart; Mary Kelly; Michael Murrell; Mike Duffy; Mike Sloan; 
msummer@scana.com; Mike Waddell; Miriam Atria; Norm 
Nicholson; Norman Ferris; Parkin Hunter; Patricia Wendling; 
Patrick Moore; Phil Hamby ; Prescott Brownell; Randal Shealy; 

mailto:kakustafik@columbiasc.net
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Randy Mahan; Ray Ammarell; Rebekah Dobrasko; rbull@davisfloyd.
com; Rhett Bickley; Richard Kidder; Richard Mikell; SKEENER@sc.rr.
com; Robert Lavisky; Roger Hovis ; Ron Ahle; Ronald Scott; Roy 
Parker; Russell Jernigan; ryanity@scana.com; Sandra Reinhardt; 
Sean Norris; Shane Boring; Sheri Armstrong ; Skeet Mills ; 
sjones@imichotels.net; Steve Bell; Steve Summer; Suzanne 
Rhodes; Synithia Williams; Theresa Powers; Theresa Thom; Tim 
Vinson; tbowles@scana.com; Tom Ruple; Tom Stonecypher; 
Tommy Boozer; Tony Bebber; tylehowe@nc-cherokee.com; Van 
Hoffman; balesw@dnr.sc.gov; Wenonah Haire 
Subject: Aquatic Studies Next Week 
 

Hello All, 

This is just a reminder regarding next week's IFIM (Instream Flow 
Incremental Methodology) Study on the lower Saluda River.  
SCE&G, Kleinschmidt and DNR will perform this detailed study of 
aquatic habitat in the lower Saluda Sunday, June 3, through Friday, 
June 8 from approximately 7 am to 6 pm each day.  As Alan has 
described in the past RCG/TWC and Quarterly Public Meetings, the 
study methodology requires scientists and biologists to establish 
approximately 20 transects across the lower Saluda River and 
collect information such as habitat types, water depth, water surface 
elevations and water velocity measurements at various flows 
released from the dam.

To collect data, field crews will establish Kevlar cables across the 
river at each transect where data is to be collected. The cables are 
used to stabilize the boats in which the scientists are collecting the 
required data. The cables will be marked with orange flagging and 
will be manned by a field crew at all times. The field crews will 
move across the cabled transects laterally collecting data which may 
present an obstacle to boaters and other river users.  

The location of the field scientists and transects where they are 
collecting data will vary from day to day. Locations of the transects 
range from just below the Saluda Dam to the confluence with the 
Broad River.   

We ask that you use caution during any river activities and watch 
for field crew members and cables.  Also, it is important that you 



pay attention to signage, sirens and changing water elevations.  
There will be a press release published in the local papers regarding 
this, as well.  Thanks, Alison    

Alison Guth  
Licensing Coordinator  
Kleinschmidt Associates  
101 Trade Zone Drive  
Suite 21A  
West Columbia, SC 29170  
P: (803) 822-3177  
F: (803) 822-3183 

 



From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

Subject: Saluda Hydro Relicense:  Draft Lower Saluda IFIM Report
Date: Monday, November 19, 2007 11:58:51 AM

Dear Instream Flow Technical Working Committee Members: 
In preparation for the upcoming Lower Saluda instream flow workshop on Dec 11 - 13, the draft Saluda 
IFIM Report is now available for download from the Kleinschmidt FTP site.  The report is being made 
available through the FTP site due to file size. Please not that Appendix A, the consultation history, is 
included as a separate document.  To access the files, visit the Kleinschmidt FTP site (link provided 
below). Once at the site, right click on each file and choose "copy to folder."  
ftp://ftp.kleinschmidtusa.com/455-058/Draft_Saluda_IFIM_Report/ 
This was a very challenging field study, so many thanks go out to those who helped out during its 
development and in the field.  Hope you all have a safe and happy holiday, and please do not hesitate to 
call or e-mail if you have problems accessing the files or if you have questions.  Thanks. 
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

Subject: FW: Charts
Date: Wednesday, December 12, 2007 9:31:29 PM
Attachments: Guild revisions.xls 

 
Hello folks.  Here are the additional PHABSIM runs we discussed at today's meeting. 
Shane 
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
 
 -----Original Message----- 
From:  Brandon Kulik   
Sent: Wednesday, December 12, 2007 8:29 PM 
To: Kevin Nebiolo; Shane Boring 
Cc: Alan Stuart 
Subject: RE: Charts 
 
 Shane, 
Attached are additional PHABSIM runs for the guild groups requested earlier today. Note that one of the 
requested species lifestages from the deep-fast guild (N Hogsucker juvenile) has some sort of bug in the 
SI curve I brought along that doesn't play well with the program. It is excluded for now I will try to 
debug it and revise tomorrow if at all possible but did not want to delay sending out these other data to 
the TWC 
 
I have not QC'd these comprehensively so they should be considered draft for now 
Brandon 
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Ocean BLVD

		140		140		140

		187		187		187

		234		234		234

		273		273		273

		281		281		281

		322		322		322

		328		328		328

		374		374		374

		421		421		421

		468		468		468

		562		562		562

		655		655		655

		749		749		749

		796		796		796

		842		842		842

		936		936		936

		1404		1404		1404

		1872		1872		1872

		2340		2340		2340

		2808		2808		2808

		3276		3276		3276

		3744		3744		3744

		4212		4212		4212

		4674		4674		4674

		5616		5616		5616

		6552		6552		6552

		7488		7488		7488

		8424		8424		8424

		9360		9360		9360



deep fast spawning

deep fast fry

shallow slow

cfs

WUA

ocean Blvd

7379.6

21288.09

29905.87

8717.9

24932.89

24933.73

10027.19

25013.33

18771.54

11119.07

25117.72

14173.66

11343.48

25011.64

13508.52

12427.08

24371.14

11215.62

12582.94

24271.44

11010.76

13693.86

22378.85

9721.32

14783.75

19458.3

6537.31

15796.16

17002.37

5712.72

18180.84

14395.59

5638.77

20504.31

13191.99

5446.86

22467.82

11420.09

4934.53

23554.55

9799.59

4604.53

24600

8594.08

4396.08

26349.42

6508.46

4014.98

33330.2

4911.12

2686.62

37858.91

3354.73

2027.58

39432.23

8426.67

1711.04

40422.26

1052.92

1955.87

39570.07

544.73

3316.19

37791.62

403.79

4968.1

35533.07

205.1

5556.19

33407.89

6.18

3994.1

28217.99

0

3907.38

24470.65

0

4369.9

21924.07

0

2772.65

20526.57

0

1607.8

20220.17

0

1039.93



Ocean BLVD data

		DISCHARGE		deep fast spawning		deep fast fry		shallow slow

		140		7379.6		21288.09		29905.87

		187		8717.9		24932.89		24933.73

		234		10027.19		25013.33		18771.54

		273		11119.07		25117.72		14173.66

		281		11343.48		25011.64		13508.52

		322		12427.08		24371.14		11215.62

		328		12582.94		24271.44		11010.76

		374		13693.86		22378.85		9721.32

		421		14783.75		19458.3		6537.31

		468		15796.16		17002.37		5712.72

		562		18180.84		14395.59		5638.77

		655		20504.31		13191.99		5446.86

		749		22467.82		11420.09		4934.53

		796		23554.55		9799.59		4604.53

		842		24600		8594.08		4396.08

		936		26349.42		6508.46		4014.98

		1404		33330.2		4911.12		2686.62

		1872		37858.91		3354.73		2027.58

		2340		39432.23		8426.67		1711.04

		2808		40422.26		1052.92		1955.87

		3276		39570.07		544.73		3316.19

		3744		37791.62		403.79		4968.1

		4212		35533.07		205.1		5556.19

		4674		33407.89		6.18		3994.1

		5616		28217.99		0		3907.38

		6552		24470.65		0		4369.9

		7488		21924.07		0		2772.65

		8424		20526.57		0		1607.8

		9360		20220.17		0		1039.93





Oh Brother

		160		160		160

		213		213		213

		266		266		266

		310		310		310

		319		319		319

		366		366		366

		372		372		372

		426		426		426

		479		479		479

		532		532		532

		638		638		638

		745		745		745

		851		851		851

		908		908		908

		958		958		958

		1064		1064		1064

		1596		1596		1596

		2128		2128		2128

		2660		2660		2660

		3192		3192		3192

		3724		3724		3724

		4256		4256		4256

		4788		4788		4788

		5326		5326		5326

		6384		6384		6384

		7448		7448		7448

		8512		8512		8512

		9576		9576		9576

		10640		10640		10640



deep fast spawning

deep fast fry

shallow slow

cfs

WUA

Oh Brother

1068.98

38191.12

10561.28

1524.98

38696.27

10324.72

1848.05

39195.23

6072.23

2026.25

37122.76

2114.95

2051.89

36250.4

2212.1

2218.07

31826.62

1305.44

2244.54

31458.6

1271.85

2554.55

25231.5

871.94

3130.6

25484.88

1007.29

3973.61

27399.53

648.54

4830.39

32801

10435.01

6693.07

25649.22

5666.96

8866.49

18550.95

3696

10297.17

14926.07

3492.63

11382.18

12477.89

3292.16

12589.09

9027.6

2764.9

15748.52

552.65

167.93

15858.85

397.58

39.07

14599.15

235.43

38.9

14217.22

245.1

36.36

14040.71

198.99

43.9

13512.94

209.87

25.76

12939.19

296.74

20.34

12440.68

460.96

104.79

11902.29

82.76

75.66

11312.66

88.91

26.28

10676.76

94.48

16.72

10258

99.57

16.96

10163.82

104.29

17.1



Oh Brother data

		DISCHARGE		deep fast spawning		deep fast fry		shallow slow

		160		1068.98		38191.12		10561.28

		213		1524.98		38696.27		10324.72

		266		1848.05		39195.23		6072.23

		310		2026.25		37122.76		2114.95

		319		2051.89		36250.4		2212.1

		366		2218.07		31826.62		1305.44

		372		2244.54		31458.6		1271.85

		426		2554.55		25231.5		871.94

		479		3130.6		25484.88		1007.29

		532		3973.61		27399.53		648.54

		638		4830.39		32801		10435.01

		745		6693.07		25649.22		5666.96

		851		8866.49		18550.95		3696

		908		10297.17		14926.07		3492.63

		958		11382.18		12477.89		3292.16

		1064		12589.09		9027.6		2764.9

		1596		15748.52		552.65		167.93

		2128		15858.85		397.58		39.07

		2660		14599.15		235.43		38.9

		3192		14217.22		245.1		36.36

		3724		14040.71		198.99		43.9

		4256		13512.94		209.87		25.76

		4788		12939.19		296.74		20.34

		5326		12440.68		460.96		104.79

		6384		11902.29		82.76		75.66

		7448		11312.66		88.91		26.28

		8512		10676.76		94.48		16.72

		9576		10258		99.57		16.96

		10640		10163.82		104.29		17.1





reach 4 run

		300

		400

		500

		600

		688

		700

		800

		900

		1000

		1200

		1316

		1400

		1600

		1800

		2000

		3000

		4000

		5000

		6000

		7000

		8000

		9000

		10000

		12000

		14000

		16000

		18000

		20000



upland inundation

edge habitat

shallow slow

cfs

WUA

Reach 4 Run

46247.29

27283.95

16637.6

13485.44

11186.99

10958.3

11257.26

12219.22

13479.42

14051.48

13801.26

12298.2

7662.15

4036.19

3728.49

1546.58

799.34

1997.28

2802.93

8484.76

35980.96

57281.36

66344.55

69499.39

6882.64

3717.35

4102.94

3654.78



reach 4 run data

		DISCHARGE		shallow slow

		300		46247.29

		400		27283.95

		500		16637.6

		600		13485.44

		688		11186.99

		700		10958.3

		800		11257.26

		900		12219.22

		1000		13479.42

		1200		14051.48

		1316		13801.26

		1400		12298.2

		1600		7662.15

		1800		4036.19

		2000		3728.49

		3000		1546.58

		4000		799.34

		5000		1997.28

		6000		2802.93

		7000		8484.76

		8000		35980.96

		9000		57281.36

		10000		66344.55

		12000		69499.39

		14000		6882.64

		16000		3717.35

		18000		4102.94

		20000		3654.78





Shandon

		300		300

		400		400

		500		500

		600		600

		688		688

		700		700

		800		800

		900		900

		1000		1000

		1200		1200

		1316		1316

		1400		1400

		1600		1600

		1800		1800

		2000		2000

		3000		3000

		4000		4000

		5000		5000

		6000		6000

		7000		7000

		8000		8000

		9000		9000

		10000		10000

		12000		12000

		14000		14000

		16000		16000

		18000		18000

		20000		20000



Spawning

shallow slow

cfs

WUA

Shandon

39234.81

157664.52

45203.97

135588.39

46934.18

103028.72

45547.97

76347.43

42491.19

58152.64

42186.69

56337.34

40080.32

41620.71

38380.54

37516.64

36586.14

34469.75

35082.99

26540.4

34286.45

22929.25

33557.61

21217.97

31640.46

18205.78

29801.29

10527.22

28029.45

3267.7

22798.68

1538.2

20858.88

1659.84

18706.54

1703.62

17185.75

5886.36

16738.81

10332.12

16266.26

12626.87

14499.83

12360.48

12682.82

10322.02

9537.99

5658.42

7877.43

4119.98

7156.09

4163.15

7196.77

3506.36

7336.38

2333.73



Shandon data

		DISCHARGE		Spawning		shallow slow

		300		39234.81		157664.52

		400		45203.97		135588.39

		500		46934.18		103028.72

		600		45547.97		76347.43

		688		42491.19		58152.64

		700		42186.69		56337.34

		800		40080.32		41620.71

		900		38380.54		37516.64

		1000		36586.14		34469.75

		1200		35082.99		26540.4

		1316		34286.45		22929.25

		1400		33557.61		21217.97

		1600		31640.46		18205.78

		1800		29801.29		10527.22

		2000		28029.45		3267.7

		3000		22798.68		1538.2

		4000		20858.88		1659.84

		5000		18706.54		1703.62

		6000		17185.75		5886.36

		7000		16738.81		10332.12

		8000		16266.26		12626.87

		9000		14499.83		12360.48

		10000		12682.82		10322.02

		12000		9537.99		5658.42

		14000		7877.43		4119.98

		16000		7156.09		4163.15

		18000		7196.77		3506.36

		20000		7336.38		2333.73





Corley main channel

		258		258		258

		344		344		344

		430		430		430

		470		470		470

		516		516		516

		602		602		602

		688		688		688

		774		774		774

		860		860		860

		1032		1032		1032

		1204		1204		1204

		1380		1380		1380

		1548		1548		1548

		1720		1720		1720

		2580		2580		2580

		3440		3440		3440

		4300		4300		4300

		5160		5160		5160

		6020		6020		6020

		6880		6880		6880

		7740		7740		7740

		8600		8600		8600

		10320		10320		10320

		12040		12040		12040

		13760		13760		13760

		15480		15480		15480

		17200		17200		17200



deep fast Spawning

deep fast fry

shallow slow

cfs

WUA

Corley main channel

3762.66

9045.92

2546.4

3762.66

17948.93

700.29

28458.81

14653.97

2832.99

31578.87

18925.89

4141.39

29842.26
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Corley MC data

		DISCHARGE		deep fast Spawning		deep fast fry		shallow slow

		258		3762.66		9045.92		2546.4

		344		3762.66		17948.93		700.29

		430		28458.81		14653.97		2832.99

		470		31578.87		18925.89		4141.39

		516		29842.26		21875.99		4283.52

		602		29842.26		20304.39		5377.34

		688		29842.26		17927.38		7827.91

		774		31578.87		17922.04		9902.14

		860		34445.03		18567.88		10452.71

		1032		31525.33		21509.93		5947.74

		1204		33261.94		20301.18		3874.49

		1380		31525.33		17804.33		4528.82

		1548		25112.23		10180.19		5448.4

		1720		22862.52		9790.19		6801.55

		2580		2547.03		1441.97		2612.05

		3440		810.42		1754.44		4722.73

		4300		810.42		145.44		1569.87

		5160		0		0		3331.38

		6020		0		0		3505.22

		6880		0		0		1757.15

		7740		0		0		3099.04

		8600		0		0		3840.91

		10320		0		0		825.57

		12040		0		0		25.7

		13760		0		0		2065.76

		15480		0		0		4661.03

		17200		0		0		1464.33
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edge habitat

inundation of upland and riparian zone
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8162.89



reach 2 run data

		DISCHARGE		shallow slow

		300		25986.7

		400		20072.97

		500		13582.1

		583		11601.12

		600		11980.38

		700		13253.64

		800		6712.64

		900		4383.84

		1000		3892.63

		1211		3236.63

		1400		2013.27

		1600		1131.19

		1800		1148.36

		2000		1698.87

		3000		3102.52

		4000		3238.96

		5000		1876.29

		6000		1783.05

		7000		1349.78

		8000		5396.1

		9000		9232.48

		10000		10103.49

		12000		11043.33

		14000		12756.36

		16000		4803.43

		18000		7756.28

		20000		8162.89
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Sandy Beach data

		DISCHARGE		deep fast Spawning		deep fast fry		shallow slow

		300		5800.34		19188.06		3749.13

		400		10208.28		17081.64		2987.93

		446		11509.8		16158.64		2053.44

		500		12290.89		14219.12		2458.7

		540		12749.87		12981.94		2124.74

		600		13142.81		11150.2		3321.21

		700		12927.22		7405.39		5999.22

		800		12437.75		4968.58		7143.89

		900		12039.59		3462.37		7876

		1000		11734.9		2418.33		6059.13

		1200		10548.88		1721.57		1741.81

		1400		9309.93		1055.07		2140.85

		1605		7805.66		2194.49		9370.27

		1800		6858.64		6193.12		13109.09

		2000		6042.82		11762.03		11890.47

		3000		4995.21		13129.53		877.08

		4000		13408.62		3973.84		697.13

		5000		15578.55		568.44		640.2

		6000		13360.78		581.39		998.88

		7000		7928.9		736.38		7487.01

		8000		4819.81		878.28		7796.98

		9000		3868.15		967.39		2532.13

		10000		3164.69		0		5104.76

		12000		2746.2		0		1887.96

		14000		1766.91		0		354.43

		16000		1365.71		0		9227.23

		18000		1191.04		0		108.97

		20000		1231.03		0		0
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Point bar run data

		DISCHARGE		shallow slow

		300		55981.07

		400		61379.36

		500		59433.78

		540		57826.05

		600		62461.94

		700		59314.44

		800		52842.85

		900		46960.1

		1000		44338.14

		1200		46068.14

		1400		50187.6

		1605		57774.23

		1800		48925.45

		2000		38073.34

		3000		11696.73

		4000		7734.46

		5000		5328.36

		6000		4413.32

		7000		4670.31

		8000		6404.19

		9000		7056.73

		10000		6856.2

		12000		4903.02

		14000		4588.94

		16000		3525.58

		18000		4276.63

		20000		4860.56





Toenail riffle
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Toenail data

		DISCHARGE		deep fast Spawning		deep fast fry		shallow slow

		300		3586.8		50710.76		28344

		400		4303.26		49761.34		17274.09

		446		4711.15		47118.7		13434.65

		500		4917.97		47497.76		9154.83

		600		4887.89		45520.88		11203.66

		700		6210.99		49192.6		11451.51

		800		9588.13		54635.26		6809.13

		900		13924.83		43835.45		5401.81

		1000		16512.9		34811.88		3929.07

		1200		19234.66		17101.49		1550.69

		1400		20324.52		8744.83		1934.81

		1605		21830.46		8669.51		2524.44

		1800		24745.4		8678.67		3099.5

		2000		27362.5		3811.55		3651.45

		3000		30410.59		417.36		1721.46

		4000		25261.47		324.16		16105.03

		5000		24257.18		0		22775.5

		6000		22624.82		0		7944.67

		7000		20981.84		0		4381.44

		8000		19712.62		0		4148.57

		9000		19341.92		0		3467.48

		10000		18938.61		0		232.66

		12000		18357.18		0		0

		14000		17849.18		0		0

		16000		17738.92		0		0

		18000		17633.85		0		0

		20000		17359.94		0		0
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From: LEAPHART,JR., MALCOLML
To: Shane Boring; Theresa Thom; Alison Guth; Amanda Hill; 

BARGENTIERI@scana.com; Bud Badr; dchristie@comporium.net; 
Gerrit Jobsis (American Rivers); Hal Beard; Jennifer Hand; Jim Glover; 
Mike Waddell; mquattlebaum@scana.com; Prescott Brownell; 
RMAHAN@scana.com; Ron Ahle; Scott Harder; Steve Summer; 
Brandon Kulik; Alan Stuart; ahler@dnr.sc.gov; selfr@dnr.sc.gov; 
marshallb@dnr.sc.gov; tbebber@scprt.com; Amanda_Hill@fws.gov; 

cc: rankind@dnr.sc.gov; 
Subject: RE: Saluda Hydro Relicense: Trout White Paper 
Date: Friday, October 26, 2007 6:29:54 PM

Shane and others: 
 
Thanks to SC DNR for suggesting, and to Kleinschmidt for preparing the white 
paper. The time and effort to scientifically measure, describe, and assess the 
lower Saluda River (LSR) is appreciative as such a study is the proper starting 
point for decision making, as long as the focus is accurate...
 
The first comment from Trout Unlimited (TU) however concerns the focus and 
scope of the white paper... I agreed at a past IFIM meeting and documented in 
writing that TU's main concern was for conditions needed for trout reproduction, 
not a 'self sustaining' trout fishery which is determined by too many factors 
outside of the utility company's operations. As I documented in my email to you 
for filing with the TWC minutes, I used the term 'self 
sustaining' synonomously with 'reproducing' in the TU ICD letter as is often done 
in the 'literature' and by fishery biologists all over the country. Clarifying 
that usage is important as it changes the scope of the white paper completely, 
certainly making the conclusions meaningless. If the 'self sustaining' response 
was necessary because of the TU ICD letter,,, fine; but, a further evaluation of 
reproduction potential as agreed on needs to be done too.  
 
Even with the unwanted 'self sustaining' focus, much of the report however has 
value in that it establishes the needs of rainbow and brown trout and attempts 
to evaluate how the LSR fares in meeting those needs (ie, recruitment potential).  
Specific comments regarding the white paper follow.  
 
-- We are not surprised that the temperature regime is satisfactory for trout 
reproduction and survival as that is consistent with the conclusions from the 1985 
USGS study that TU funded for $5,250 for SC DNR.  The note that the 
temperature range during brown trout spawning is marginal is somewhat 
surprising, but does provide a target for an important habitat improvement that 
should be closely evaluated for remedies.
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 -- According to Monte Seehorn, retired USFS Southeast Fisheries 
Biologist, experience has shown that pool to riffle ratios are not absolutes and 
that many trout streams with much less than ideal ratios have significant 
reproduction, often from relatively small areas suitable for spawning.  The point is 
that many other factors come to bear besides the ratio, or the size of the 
spawning area, and trout are quite resilient. Much of the documented brown trout 
spawn in the White River in Arkansas for example has been found to occur in 
stretches relatively short for the length of the river. And their resiliency has been 
shown there too as they adapted to huge fluctuations in release levels, including 
for spawning site selection. 
 
 -- The implication that the LSR only has a 100' x 300' suitable for trout spawning 
is misleading. Most of the entire stretch of river on both sides of the islands 
below I26 where the 'Oh Brother Rapids' and 'Ocean Boulevard Rapids' are has 
the potential for trout spawning.  Since the islands extend for nearly half a mile, 
that would mean over a mile of potential spawning sites alone exists there, 
counting both sides. Plus, the riffles at the spillway channel juncture, the rapids 
above Hopes Ferry Landing, the rapids at Corley Islands, and those below the 
islands below I26 extending all the way to the to the confluence would all have 
some potential. The .8 mile of riffle habitat is certainly a conservative estimate, 
and to infer that trout spawning would not occur anywhere else is questionable. 
That's not even consistent with the cited Raleigh conclusions that trout can 
spawn in up to 8.2 feet of water with suitable velocity and substrate which could 
certainly fall out of the observed riffle areas. Again, an empirical study apparently 
beyond the scope of the white paper is needed to be more definite here.   
 
 -- There appears to be a lack of comparison with many southern trout rivers that 
have more in common with the LSR than many in Maine. Tailrace trout fisheries 
in Arkansas for example were previously pointed out as examples that were very 
analagous and whose management could be looked at for guidance giving the 
hundreds of miles of those rivers and their longer history of research and 
management by both that state and the Corps of Engineers that built most of the 
dams. What other state has an 'Aquatic Habitats Manager' as Arkansas has in 
Larry Rider? But, apparently Mr. Ryder was not consulted after I shared his 
expertise and contact information with you as to trout habitat for this white 
paper. The success of their revetments to deepen channels (while providing 
handicap and other angler access), of gravel beds developed from anchored tree 
tops, and from root wads installed to provide holding areas (as we have done on 
the Eastatoe and other upstate streams) are all examples of tailrace habitat 
improvements for trout that should be considered as the LSR potential 
is evaluated for trout.  
 
In "The Future of Trout in South Carolina" (A Plan for the Management of South 
Carolina's Trout Resources" (Geddings, 1998), "Put, grow, and take" trout 



fisheries are described as having "various habitat deficiencies" that "do not 
permit successful reproduction" by trout. The LSR is essentially described 
as 'deficient habitat' in the white paper, though without any empirical studies or 
peer reviewed research to support that categorization, only observations and 
assumptions.  However, it's difficult to question that description as the Lake 
Murray dam transformed a warm water piedmont river into a cold water fishery in 
the late 1920's. That the aquatic habitat that once was a 'self sustaining' warm 
water fishery is out of sync with the coldwater fishery created is not a surprise to 
no on. Indeed, that transformation is the crux of the 'habitat deficiency' problem 
for trout in the LSR and should be acknowledged, with remedies to get the two 
better in sync as part of the new license.  
 
In summary: TU does not expect the utility company to develop a 'self 
sustaining' trout fishery as the white paper describes.  TU does expect the 
utility to document steps in their plan to foster trout reproduction through 
habitat improvements, such as through annual projects developed in 
concert with TU, US Fish & Wildlife, and SC DNR.  Those undertaken in 
upstate South Carolina in the SC DNR "Partners for Trout" program with 
the NRCS, and those in Arkansas as mentioned above would both be good 
starting points. While not totally replacing the need for trout stockings as 
the white paper indicates, the goal would be to improve the now 
coldwater habitat to the point where reproduction could at least occur, 
even if not in significant numbers to reduce stocking needs given the 
current fishing regs.  To not do that while the dissolved oxygen and flow 
problems are being remedied would be short-sighted to say the least for a 
state 'wild and scenic' river that is the heart of the extensive rivere 
greenways of the Columbia area.  
 
 
 
 
From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com] 
Sent: Mon 10/15/2007 9:05 AM 
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 
dchristie@comporium.net; Gerrit Jobsis (American Rivers); Hal Beard; Jennifer 
Summerlin; Jim Glover; LEAPHART,JR., MALCOLML; Mike Waddell; 
mquattlebaum@scana.com; Prescott Brownell; Randy Mahan; Ron Ahle; Scott 
Harder; Shane Boring; Steve Summer; Brandon Kulik; Alan Stuart 
Subject: Saluda Hydro Relicense: Trout White Paper  
 
Dear Instream Flow/Aquatic Habitat TWC Members:
 



Attached for your review is the updated draft of the white paper examining the 
potential for a self-sustaining trout fishery on the Lower Saluda River.  Many 
thanks to those who provided  comments on the previous draft.  Please provide 
us with your comments on the updated draft by Tuesday, October 31, 2007.  
Also, the paper will be an agenda item at our October 30th meeting of the Fish 
and Wildlife Technical Working Committees.  Thanks again for your continued 
participation in the Saluda relicensing process.  
 
Shane

C. Shane Boring  
Environmental Scientist  
Kleinschmidt Associates  
204 Caughman Farm Lane; Suite 301  
Lexington, SC 29072  
Phone: (803)951-2077  
Fax: (803)951-2124 

 

http://www.kleinschmidtusa.com/


From: Bill Marshall
To: Alison Guth; Tony Bebber; BARGENTIERI@scana.com; Charlene Coleman; 

Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer Hand; 
Jim Cumberland ; Karen Kustafik; Kelly Maloney; Malcolm Leaphart; 
Mike Waddell; 

cc: Alan Stuart; 
Subject: RE: Draft Flow Study Report
Date: Thursday, October 18, 2007 6:46:45 PM

 
Hello everyone – Here are my comments on the Draft Downstream Recreation 
Flow Assessment Report. Only wish I had a bit more time to process this and do a 
more thorough review but must get it out today.
 
 
General comment: I think this report provides much useful information and 
provides a helpful integration of Saluda River recreational information, which has 
been produced in various reports of the Saluda Relicensing Process.
 
Page 10: regarding the paragraph explaining the hydro operational scenarios that 
are demonstrated by the model. Comment:  Demonstrating typical hydro 
operational scenarios, as was done, is appropriate; however, because we are 
concerned with safety issues and risks from hydro operations to downstream river 
users, we should include analyses of maximum flow scenarios that create 
conditions that pose the greatest risks to downstream river users. Conditions that 
pose the greatest risks are probably those where the hydro operations produce the 
maximum rates of change in river stage at each downstream station. 
A reserve call of only 1.5-hour duration may have less affect (produce slower rates 
of rise) at the Zoo area than reserve calls of longer durations (three hours or more) 
because it takes roughly two hours for the “wave” to arrive at the zoo. While, the 
6-hour lake-level management scenarios provide adequate duration of flows to see 
a maximum effect at the zoo, another question arises (as presented in a following 
comment re. page-13): how would the incremental flow increase of 1,167 cfs per 
minute, versus 850 cfs, effect the results for rate of change?
                        
Page 11: The second and third paragraphs refer to matching calculated hydraulic 
results with the observed hydraulic results.  Comment: The report needs to include 
more information and discussion of accuracy. Is there some measure of error or 
accuracy that can be reported for matching the calculated results with those 
observed?   It would be helpful to have a graphical presentation of model 
calibration results comparing model predictions against observed data for 
important hydraulic features such as depth, time of arrival, and rates of stage 
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increase along the river reach.
 
Page 13: The first paragraph explains assumptions related to the analyses and 
reports that incremental flow increases were set at 850 cfs per minute (a median 
figure) regardless of operational scenario. Comment:  Because we are concerned 
with safety issues and risks to river users related to downstream flows resulting 
from hydro operations, shouldn’t we model flow scenarios using the maximum 
incremental flow of 1,167 cfs per minute, as this would give us information about 
the most rapid rates of change in the river. And if judged that there are only minor 
differences in results using the various incremental flow increases, then it would 
be useful to demonstrate and explain the differences.
 
Page 13-14: regarding the paragraph explaining “wave arrival.” Comment:  
Explanations about “initial rates of rise” and the transition to the “more steep rates 
of rise” and how much time is involved overall is important to understand. More 
graphical presentations would help improve the information.
        The last sentence of this paragraph mentions the importance of understanding 
the first 15 minutes following “wave arrival” compared to overall rate of change at 
each location on the river. Based on our knowledge of the lower Saluda, it would 
seem that the first 15 and 30-minute periods of time after wave arrival and the first 
1 to 4 feet in rise are the most important aspects to understand for dealing with 
river safety concerns. 
Overall, more graphical presentations in the report would be a welcomed addition 
to the many tables provided.
 
Page 14, second paragraph, last sentence may need clarification:  Sentence seems 
to say the greatest rate of change is between 75% and 90% of maximum. Should it 
say “between start of rise to 75% and 90% of maximum”?
 
Pages 13-14, discussion of assumptions:  Comment:  Please explain what 
boundary conditions were used in the downstream side. Does the downstream 
condition always include 500 cfs flow.
 
Page 17, second paragraph – Edit:  Cornerstone Presbyterian Church, located off 
of Old Bush River Road, owns waterfront property adjacent to the boat ramp at 
Saluda Shoals Park  (not Rawls Creek).
 
Page 21, one report bullet says:  “A hand-carry access site below the I-20 bridge 
(City of Columbia is currently working on this access site).” – this should be  “site 
below I-26 bridge” -- as this is where City of Columbia will be developing the 



Saluda River Walk with a boater access just below the bridge.
 
Pages 27-29 – Comment: The discussion of average daily flows (here and on page 
81) tends to misrepresent the flows that are realistically available to recreational 
users. Because flows fluctuate widely in any given day due to hydro operations, 
the statistical “average daily flow” (3,291 cfs for example) might only be available 
for 10 minutes in a given day as the river goes from 500 cfs to 18,000 cfs and back 
down again in one day.  
Perhaps a better way to characterize “available flows” for recreationist would be 
to look at hourly averages and describe when favorable flow ranges are 
maintained for some period of time (and not just a brief point on a dynamic 
hydrograph). For example, I’d suggest looking at favorable flow ranges that were 
maintained four hours during daylight hours, as this sort of timeframe better fits 
what recreational uses might really consider as a flow opportunity. 
 
Page 73, bullet item – I think the telephone ring-down (call-down) system was 
tested for a while but is not yet “in place” (or is it?)
 
Page 80, third paragraph -- I don’t think the River Alliance study evaluated flows 
for flatwater boating, as the report, on pp 22-23, says that the study “focused only 
on sections of the lower Saluda which had whitewater characteristics.”  The RA 
study does address “open tandem canoes” on the whitewater sections and two 
flows (roughly 2,000 cfs and 4500 cfs) were evaluated. On p. 45 a table RA 
reports flows as “recommended safety ranges” for “canoe” but does not 
distinguish between the “open tandem canoe” and “whitewater canoe” categories.
 
Page 81-82 – Comment:  Similar to comments, above, for page 10 and page 13, I 
think the rate of change analyses and conclusions about rate of change should 
address a maximum and sustained flow scenario from the hydro plant that 
produces the most rapid change effects downstream at all sites. I think that would 
be a 3-hour reserve call requiring 18,000 cfs released at maximum incremental 
flow rates (1,167 cfs?). Various scenarios are well analyzed and presented in this 
report but none of them of them seem to push the variables to their potential 
maximum limits.
Probably the most safety-relevant information to produce and report is the steepest 
rates of change within the first 15 and 30 minutes (or first 1 to 4 feet of rise) after 
“wave arrival” at each site.
 
 



From: Alison Guth
To: Tony Bebber; Alan Stuart; Alison Guth; Amanda Hill; Bill Argentieri; 

David Hancock; Dick Christie; Joy Downs; Ron Ahle; Steve Bell; 
Subject: RT&E tracking tool
Date: Tuesday, January 16, 2007 1:44:50 PM
Attachments: Section 7 Saluda Hydro Tracking Tool 1-15-07.xls 

Hello Folks, 
I had a homework item at the last meeting to acquire from Shane what has been accomplished so far for 
RT&E species.  Attached below is the tracking tool that has been developed to track RT&E species with 
their preferred habitat.  I will bring a copy of this tomorrow and we can discuss it more then.  Thanks!  
Alison 
  
Alison Guth 
Licensing Coordinator  
Kleinschmidt Associates  
101 Trade Zone Drive  
Suite 21A  
West Columbia, SC 29170  
P: (803) 822-3177  
F: (803) 822-3183  
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Sheet1

		Section 7 Species Tracking Tool: Saluda Relicensing Project

		Common Name		Scientific Name		Federal Status1		Population Status2		Critical Habitat Designated		Existing Restoration Plan (FWS or Other)		Counties		Habitat		Determination of effect		Data Needs/Comments

		Amphibians

		Southern Dusky Salamander		Desmognathus auriculatus		SC				N/A		N/A		Lexington (possible), Richland (possible)		Mucky areas near swamps, cypress heads, floodplain pools, and ravine streams where pockets of organic debris collect

		Birds

		American kestrel		Falco sparverius		SC				N/A		N/A		Lexington (possible), Newberry (possible), Richland, Saluda (possible)		Cliff, cropland/hedgerow, desert, grassland/herbaceous, old field, savanna, woodlands

		Bachman's sparrow		Aimophia aestivalis		SC				N/A		N/A		Newberry, Saluda, Richland, Lexington		Old field, savanna, coniferous and hardwood woodlands

		Bald eagle		Haliaeetus leucocephalus		T				No		FWS (Southeastern States)		Lexington, Newberry, Richland, Saluda		Cliff, woodlands, forest

		Henslow's sparrow		Ammodramus henslowii		SC				N/A		N/A		Newberry, Saluda, Richland, Lexington		Grassland, herbaceous

		Ivory-billed woodpecker		Campephilus principalis		E				No		N/A				Swampy forests, especially large bottomland river swamps of coastal plain and Mississippi Delta and cypress swamps of Florida

		Loggerhead shrike		Lanius ludovicianus		SC				N/A		N/A		Lexington (possible), Newberry (possible), Richland, Saluda (possible)		Cropland/hedgerow, desert, grassland/herbaceous, old field, savanna, shrubland/chaparral

		Painted bunting		Passerina ciris ciris		SC				N/A		N/A		Lexington (possible), Richland (possible)		Old field, savanna, shrubland/chaparral, suburban/orchard, hardwood woodland

		Red-cockaded woodpecker		Picoides borealis		E				No		FWS		Lexington, Richland, Saluda		Coniferous woodlands

		Wood stork		Mycteria americana		E				No		FWS		Newberry		estuarine-lagoon, scrub-shrub wetland, lacustrine- shallow water, palustrine- forested wetland, herbaceous wetland, scrub-shrub wetland, temporary pool

		Fish

		Carolina darter		Etheostoma collis		SC				N/A		N/A		Richland		Creek, low-moderate gradient, pool

		Robust Redhorse Sucker		Moxostoma robustum		SC				N/A		N/A		Lexington (possible)		Creek, medium river

		Saluda darter		Etheostoma saludae		SC				N/A		N/A		Lexington, Richland, Saluda, Newberry		Sluggish to calm areas in clear to slightly turbid small streams with substrate of mud, sand, gravel or bedrock

		Shortnose sturgeon		Acipenser brevirostrum*		E				No				Lexington (possible), Richland		Marine- near shore, estuarine- bay/ sound, lagoon, river mouth, riverine- big river with low gradient, medium river with moderate gradient, lacustrine- deep/ shallow water, palustrine- forested wetland

		Invertebrates

		Carolina heelsplitter		Lasmigona decorata		E				Yes, but not listed in project boundaries		FWS		Lexington (possible), Newberry (possible), Richland (possible), Saluda (possible)		Creek, low gradient, medium river, pool

		Saluda crayfish		Distocambarus youngineri		SC				N/A		N/A		Newberry		Forested wetlands

		Savannah lilliput		Toxolasma pullus		SC				N/A		N/A		Saluda		Riverine- creek, lacustrine- shallow water

		Mammals

		Rafinesque's big-eared bat		Corynorhinus rafinesquii		SC				N/A		N/A		Richland		Hardwood forest, suburban/orchard, urban/edificarian, hardwood woodlands

		Plants

		Algae-like pondweed		Potamogeton confervoides		SC				N/A		N/A		Richland

		Awned meadowbeauty		Rhexia aristosa		SC				N/A		N/A		Richland		Grass-sedge dominated Carolina Bays, vernal ponds, wet pinelands, acid bogs, pond-cypress savanna, dried soil of cypress bottoms

		Biltmore green briar		Smilax biltmoreana		SC				N/A		N/A		Newberry

		Bog spicebush		Lindera subcoriacea		SC				N/A		N/A		Richland		Permanently moist to wet shrub-dominated seepage wetlands

		Butternut		Juglans cinerea		SC				N/A		N/A		Newberry (possible)		Rich mesophytic forests, lower slopes, ravines and various types of bottomland

		Canby's dropwort		Oxypolis canbyi		E								Richland		Cypress ponds, grass-sedge dominated Carolina bays, wet pine savannahs, shallow pineland ponds, and cypress-pine swamps or sloughs

		Carolina bogmint		Macbridea caroliniana		SC				N/A		N/A		Richland		Wet longleaf pine or pond pine savannas and acidic swamp forests

		Creeping St. John's wort		Hypericum adpressum		SC				N/A		N/A		Richland, Saluda

		Dwarf aster		Aster mirabilis		SC				N/A		N/A		Lexington (possible)		Moist stream bluffs and slopes and nutrient-rich, somewhat acidic bottomland soils

		Dwarf burhead		Echinodorus parvulus		SC				N/A		N/A		Saluda

		False coco		Pteroglossaspis ecristata		SC				N/A		N/A		Richland		Scrub oak lands, pine rocklands, pine-palmetto flatwoods, and dry-mesic pine savannah

		Georgia aster		Aster georgianus		C						FWS		Richland		Dry open woods, roadsides, and other openings

		Little amphianthus		Amphianthus pusillus		T						FWS		Saluda		Vernal pools on granite outcrops of the Southeastern Piedmont

		Pickering's morning-glory		Stylisma pickeringii var. pickeringii		SC				N/A		N/A		Lexington

		Piedmont bishop-weed		Ptilimnium nodosum		E								Saluda		Rocky or gravelly shoals of clear, swift-flowing streams, the edges of intermittent pineland ponds, or low, wet savannah meadows on the Coastal Plain

		Piedmont cowbane		Oxypolis ternata		SC				N/A		N/A		Lexington

		Prairie birdsfoot-trefoil		Lotus purshianus var. helleri		SC				N/A		N/A		Lexington (possible), Newberry (possible), Richland (Possible), Saluda (possible)

		Purple balduina		Balduina atropurpurea		SC				N/A		N/A		Richland		Wet pine savannahs and peaty hillside seepage bogs

		Rayner's blueberry		Vaccinium crassifolium ssp sempervirens		SC				N/A		N/A		Lexington, Richland		Open seepage slopes in association with Atlantic White Cedar

		Reclined meadow-rue		Thalictrum subrotundum		SC				N/A		N/A		Richland

		Rough-leaved loosestrife		Lysimachia asperulaefolia		E						FWS		Richland

		Sandhills milk-vetch		Astragalus michauxii		SC				N/A		N/A		Richland

		Schweinitz's sunflower		Helianthus schweinitzii		E						FWS		Lexington

		Shoal's spider-lily		Hymenocallis coronaria		SC				N/A		N/A		Lexington, Richland

		Smooth coneflower		Echinacea laevigata		E						FWS		Lexington (possible), Richland		Openings in woods, along roadsides and utility line rights-of-way, dry limestone bluffs

		Sweet pinesap		Monotropsis odorata		SC				N/A		N/A		Newberry

		White false-asphodel		Tofieldia glabra		SC				N/A		N/A		Richland

		Wire-leaved dropseed		Sporobolus teretifolius		SC				N/A		N/A		Lexington		Permanently moist to wet savannahs on essentially flat terrain underlain by a clay layer

		Reptiles

		Southern hognose snake		Heterodon simus		SC				N/A		N/A		Lexington (possible), Richland, Saluda		Grassland/herbaceous, old field, savanna, woodlands

		1 E – Federally Listed as Endangered

		T - Federally Listed as Threatened

		SC - species is a Candidate for Federal Listing as Threatened or Endangered (species of concern)

		EDCH - Federally Listed as Endangered and has Designated Critical Habitat in the counties surrounding the project.

		TPDH - Federally Listed as Threatened and has Designated Critical Habitat in the counties surrounding the project.

		PE - Presumed extinct/no current status

		2  N - No recent records

		E - Extant; occurs within project boundaries

		EO - Extant; occurs outside project boundaries

		RD - Recently discovered

		3     NE - No Effect

		NL - Not likely to adversely affect

		LA - Likely to adversely affect
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From: Alison Guth
To: Steve Summer; Al Blott (al.blott@verizon.net); Alan Stuart; Alison Guth; 

Amanda Hill; Ben Rizzo (Ben_Rizzo@fws.gov); Bill Argentieri; Dee Bennett ; 
Dick Christie; GibbonsJ@dnr.sc.gov; Harold Moxley; Jennifer Hand; 
Joey Jaco; Milton Quattlebaum (mquattlebaum@scana.com); 
Prescott Brownell; Ross Self; Shane Boring; 

Subject: Columbia Fishway Evaluation Study Plan Addition
Date: Wednesday, February 21, 2007 3:55:44 PM
Attachments: Columbia Fishway Evaluation Plan 1-07.doc 

2007-1-23 Columbia Fishway-Saluda Relicensing final meeting notes.pdf 

Hello All, 
Attached is the Columbia Fishway Evaluation Plan with all of the changes discussed in the January 23 
meeting incorporated.  You will also notice that there is an additional footnote on the bottom of the 
second page of the document.  As previously written, the Evaluation Plan requires that we begin 
observations at the Columbia Fishway by March 1st regardless of whether or not American shad are 
being passed at St. Stephens.  Based on our current understanding, the American shad have not yet 
begun to move through the fish lift at St. Stephens this year, and spawning runs have been delayed due 
to temperatures.  A footnote has been added that states that fishway observations will begin on a 2-day-
per-week basis one week after notification that a cumulative total of 10,000 American shad are passed 
at the St. Stephens project or March 1st "Unless American Shad are not being passed at St. Stephens 
due to delays in spawning runs as a result of varying climate and/or mechanical problems at the fish 
lift".  Unless there are concerns expressed regarding the footnote, we will consider the Fishway 
Evaluation Plan final.  Thanks, and I have also included the final meeting notes for your records.  Alison 
   
  
Alison Guth 
Licensing Coordinator  
Kleinschmidt Associates  
101 Trade Zone Drive  
Suite 21A  
West Columbia, SC 29170  
P: (803) 822-3177  
F: (803) 822-3183  
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Columbia Hydroelectric Project (FERC No. 1895 - SC)

Study Plan


Study Plan Name: 2007 Columbia Fish Ladder Evaluation


Applicable Hydro Projects:  Columbia Hydroelectric Project FERC No. 1895 - SC

I.
Study Objective


The objectives of this study are to: document the usage of the Columbia fish ladder by target species during the 2007 passage season; estimate by visual counts the abundance of target species moving through the fish ladder; provide data regarding the temporal distributions of target species; document the usage of the fish ladder by resident fish species; and to document American shad movements with relation to Project operations in correlation with the 2007 American Shad Telemetry Study for the Lower Saluda, Congaree and Broad Rivers (Kleinschmidt, 2007) 

II.
Introduction

The fish passage facilities were constructed at the Columbia Hydroelectric Project in 2006 by South Carolina Electric & Gas Company per the terms of their agreement in the transfer of ownership of the Columbia Hydroelectric Project to the City of Columbia, and as a requirement of the Columbia Hydroelectric Project’s FERC License, Section 18 Fishway Prescriptions.  The fish ladder is designed to allow the target fish species, American shad and blueback herring, to migrate upstream over the Diversion Dam to reach areas suitable for spawning.  Striped bass, American eel, and other migratory and resident species may also utilize the ladder.  

Specifics to the evaluation of the Columbia Fishway have been determined through consultation with the U.S. Fish and Wildlife Service (USFWS), National Oceanic & Atmospheric Administration Fisheries (NOAA) and the SC Department of Natural Resources (SCDNR) (see Attachment A).  

III.
Methodology 


Commencement of Evaluation Activities:

Typically, upstream fish migrations in the Santee Cooper River Basin occur around February 1 until May 15.  However, in consultation with the above listed agencies, the actual date for the ladder to begin operation (releasing flow for fish passage) and for evaluation studies to commence may vary annually, depending primarily on responses of migrating fish to biotic factors affecting their movements.  

SCDNR has agreed to annually alert the Licensee, NOAA, and FWS when to begin operating the Columbia Fish Ladder.  SCDNR will notify the Licensee by email to start operating the ladder when a cumulative total of 10,000 American shad are being passed at the downstream St. Stephens project.  Visual fish counts will begin within one week after a cumulative total of 10,000 American shad are passed at the St. Stephens project.  


Visual Fish Counts (non-peak):


One week after SCDNR notification that a cumulative total of 10,000 American shad are passed at the St. Stephens project or March 1st (whichever comes first)
, visual fish counts will commence on a two-day per week basis.  A biological technician and/or biologist will view and estimate by species the number of fish that pass the ladder on an hourly basis. 


In order to provide data on diurnal periods of American shad movement, monitoring times will switch between two four-hour monitoring periods and one eight-hour monitoring period on alternating days.  The visual counts will take place from 6:00 am to 10:00 am and from 4:00 pm to 8:00 pm on the first day of monitoring and from 10:00 am to 6:00 pm on the second day of monitoring, alternating between the two schedules throughout the passage season.     

Visual Fish Counts (peak):


Once significant numbers of American shad are being seen at the Columbia Fish Ladder, in excess of 50 fish per daily counting period, fish counts will take place seven days per week, alternating between the two daily monitoring schedules described above.  Counts will resume to non-peak hours when American shad counts drop below 50 fish per daily counting period for two consecutive days.  

Data Collection:


Fish passage data will be entered onto field data track sheets and uploaded into a computer on a weekly basis.  Pertinent data, such as turbidity, DO, water temperature, river flows, and rain events, will be documented during the time of monitoring.  This data will be analyzed relative to fish passage data in order to provide information for decisions regarding future monitoring efforts.  


Data Analysis:


Subsequent to the fish passage season, fish passage data and other pertinent information will be examined and compiled.  

IV.
Schedule and Required Conditions

Visual fish counts will begin within one week after American shad passage reaches a cumulative total of 10,000 American shad at the St. Stephens project and will continue until May 15, 2007 or until the completion of the passage season as informed by resource agencies.

A final report summarizing the study findings will be issued within 90 days of the completion of field work during the 2007 sampling year.  A weekly email will be issued during the study season expressing any observations that occurred at the fishway that week.  Study methodology, timing and duration may be adjusted based on consultation with the resource agencies.  All data collected will be provided in electronic format to agencies.  


V.
Use of Study Results

The study results will be used in making baseline decisions in the operation of the fish ladder and to provide data on the use of the fish ladder by target anadromous species and resident fish species during the years following its construction.  

VI.
Study Participants

		NAME

		ORGANIZATION

		PHONE

		E-MAIL



		Applicant Leads



		Stephen E. Summer

		SCANA Services

		(803)217-7357



		ssummer@scana.com



		Alan W. Stuart

		Kleinschmidt

		(803)822-3177



		alan.stuart@kleinschmidtusa.com



		Shane Boring

Jeni Summerlin

		Kleinschmidt

Kleinschmidt

		(803)822-3177

(803) 640-5364

		shane.boring@kleinschmidtusa.com

Jennifer.Summerlin@Kleinschmidtusa.com





		Agency Leads



		Dick Christie 



		SCDNR

		(803)289-7022

		dchristie@infoave.net



		Amanda Hill



		USFWS

		(843)727-4707, x24

		Amanda_hill@fws.gov



		Prescott Brownell

		NOAA Fisheries

		(843)762-8591

		Prescott.brownell@noaa.gov



		Other Participants



		William Argentieri



		SCE&G

		(803)217-9162

		bargentieri@scana.com



		Harold Moxley

		SCE&G

		(803)217-9965

		hmoxley@scana.com





VII.
List of Attachments


ATTACHMENT A:
Columbia Hydro Fishway/Saluda Relicensing Joint 





Diadromous Fish Meeting Notes
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ATTACHMENT A

Columbia Hydro Fishway/Saluda Relicensing Joint Diadromous Fish Meeting

MEETING NOTES


SOUTH CAROLINA ELECTRIC & GAS COMPANY


SALUDA HYDRO PROJECT RELICENSING


Columbia Hydro Fishway/Saluda Relicensing Joint Diadromous Fish Meeting


SCE&G offices at Carolina Research Park


November 2, 2006
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ATTENDEES:


Alan Stuart, Kleinschmidt Associates

Shane Boring, Kleinschmidt Associates


Alison Guth, Kleinschmidt Associates
Jeni Summerlin, Kleinschmidt Associates


Bret Hoffman, Kleinschmidt Associates
Amanda Hill, USFWS


Harold Moxley, SCE&G


Dee Bennett, City of Columbia


Steve Summer, SCANA Services

Dick Christie, SCDNR
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ACTION ITEMS


· Email aerial photographs of the Columbia Hydro fish passage to all committee members


Bret Hoffman


· Research monitoring methods from other fish passage studies


Everyone


· Find out if fin clipping have been performed on all previously tagged shortnose sturgeon


Ross Self


· Provide a dozen PIT tags for Kleinschmidt’s shortnose sturgeon study


Ross Self


· Provide the locations of receivers located on the lower Saluda, Congaree, and Broad River’s


Ross Self


· Contact the company that the SCDNR orders their transmitters from and ask what type of coding system they use for the transmitters


Ross Self  


· Draft the Columbia and Operations Maintenance Plan for the Columbia Hydro fish passage and send out to committee members for review


Bret Hoffman 


· Draft a study plan for monitoring diadromous fish at the Columbia Hydro fish passage and send out to committee members for review


Shane Boring


· Reserve a room for the next meeting at Carolina Research Park for January 23, 2007


Harold Moxley


Next Meeting

January 23, 2007 at 9:30 AM





Location: SCE&G offices at Carolina Research Park


MEETING NOTES:

These notes serve to be a summary of the major points presented during the meeting and are not intended to be a transcript or analysis of the meeting.

Alan Stuart of Kleinschmidt Associates opened the meeting at approximately 9:30 PM and meeting attendees introduced themselves.  Alan noted that the focus of the meeting would be to discuss: (1) the Columbia Hydro Operations and Maintenance Plan, (2) sampling plans for Columbia Hydro fishway, (3) the 2007 lower Saluda River (LSR) sturgeon sampling, and (4) need/type of LSR diadromous fish sampling for 2007.


Columbia Hydro Operations and Maintenance Plan

Bret noted that Kleinschmidt is currently drafting an Operation and Maintenance Manual for the entire Columbia Hydro Project.  He explained that the first point of prevention for cleaning was relocation of the log boom.  The relocation of the log boom will enhance the inability of debris accumulation in the fish ladder.  Also, grizzly racks on the attraction flow and broad racks should be cleaned periodically.  He mentioned that there has been some algal growth on the viewing window and the best recommendation was to scrub the algae off.  He explained that floating debris that enters the fish ladder will usually work it’s way out.  He pointed out that there is a slush gate for the diffusion area.  He noted that currently they are planning to clean the ladder annually before the passage season begins.  Amanda noted that the ladder should be cleaned before the fish passage season, which would be sometime around February 1st.  Dick mentioned that the group should define some period of time prior to February 1st that cleaning of the fish passage should take place.  He specifically noted that it is important to establish an exact time frame, such as a four week window, which will provide flexibility for maintenance.  Harold noted that if manpower was available, it would take a week to clean the ladder.  The group agreed that there should be a window time frame for cleaning and the head gate should be installed during this time to keep the ladder clean until February 1st.  Bret mentioned that SCE&G should be notified when the passage season begins for operational purposes.


There was a discussion as to when the head gates should be opened and Prescott noted that for the first year, we should keep in contact with St. Stephen’s to discuss the out migrating season of shad.  Alan noted that small numbers of shad will start passing through St. Stephen’s early February and eventually the numbers of shad will increase to 5,000, which means spawning runs have begun.  Prescott noted that once the number of shad reach 5,000 at St. Stephen, then Columbia should open the gate.  He also noted that the fish ladder should be ready for passage by February 1st  at least for the first year, just in case something unusual happens, such as high flows.  Amanda noted that from a resource agencies perspective, they would like to run the fish passage year around.  Harold noted that the passage could be ran year around, but they would not have the personnel to clean it beyond the passage season.  Tentatively, for this year, the group agreed that the SCDNR should notify Kleinschmidt Associates when 5,000 shad have passed per day at St. Stephen’s and the head gates should be opened within a week of this time frame.  In summary, the group agreed on the following:


· annual cleaning;


· weekly maintenance during passage season;


· Columbia Hydro operational schedule;


· Notification for problems (contact list)


Dee from the City of Columbia noted that the plan seems reasonable.  Bret noted that he would have a draft of the Columbia Operations and Maintenance Plan by January 1st, 2007 and will be submitted to State Agencies and FERC.


Sampling Plans For The Columbia Hydro Fish Passage


Bret noted that in previous studies, Kleinschmidt has used video cameras for fishway monitoring.  He explained that a camera would be favorable if fish of concern are not constantly passing.  He then noted that it would be beneficial to have a person monitor during peak fish migration season.  Amanda noted that state agencies would like to video tape fish passage throughout the year.  Steve noted that if a camera is used for monitoring at the fish passage, it will have to be waterproof.  Steve explained during high flows, water is elevated 3 to 4 feet above the dam.    Alan noted and the group agreed to video tape the viewing window with a camcorder to examine the effectiveness of video taping.


Steve mentioned that turbidity in the spring may effect the visibility through the viewing window.  Amanda noted that turbidity, duration time of turbidity and rain events should be documented for future monitoring efforts.  Dee noted that the City of Columbia monitors turbidity and would find out the frequency of these turbidity readings.  The group discussed criteria for monitoring during the peak season and Steve noted that it may be beneficial to document diurnal movements.  Dick noted that it may be best to have short monitoring shifts for the random sampling.  Amanda explained that the peak season is defined as 100,000 shad passing through St. Stephens, which usually occurs in March/April time frame.  She added that there should be intense monitoring  during the peak season.  There was a brief discussion about monitoring fish downstream of the fish passage and the group agreed that backpack/boat shocking would be beneficial with knowing if the fish are present downstream of the fish passage.  Alan noted that Kleinschmidt would draft a study plan for sampling at the Columbia Hydro fish passage for the first year.  He added that this draft study plan would be out by the end of December.  Committee members agreed to research both diurnal movements of shad and electronic devices that can be used for monitoring at the Columbia Hydro fish passage.


2007 Lower Saluda River Shortnose Sturgeon Sampling

Shane noted that the purpose of the sturgeon study will be to document shortnose sturgeon usage downstream of the Saluda Hydro Project.  He noted that the temporal scope of the study is scheduled to begin in February 2007 and continue through 2008 (two years of study).  On an annual basis, sampling will be conducted during late-winter and spring (February 1 through the end of April) when shortnose sturgeon would be expected to migrate into the Piedmont rivers to spawn.  He explained that there are four potential sample sites:


1. Downstream and in the vicinity of the Saluda Hydro dam;


2. The vicinity of Gardendale canoe landing on the lower Saluda River;


3. Upstream of the old Granby Lock and Dam on the Congaree River; and


4. The vicinity of the Rosewood Boat Landing on the Congaree River.


Shane explained that the sampling permit states that we have authorization to capture, handle, weigh, measure, PIT and dart tag, tissue sample and release shortnose sturgeon that are caught.  Steve mentioned that they have had some problems with inserting streamer tags in shortnose sturgeon, that it seems to wound them and are considering not using these tags.  Shane noted that a tissue sample will be taken from the pelvic fin of the sturgeon for genetic testing.  Shane asked Ross if the SCDNR would donate a handful of PIT tags for the Saluda sturgeon sampling.  Shane explained it may be beneficial to keep the tag numbers consistent with the SCDNR, if possible.  


Need/Type lower Saluda River Diadromous Fish Sampling for 2007


Alan noted that no shad or herring were captured during the 2006 diadromous fish sampling on the lower Saluda and Congaree River’s.  Shane mentioned that river velocities combined with high amount of debris made sampling on the Congaree River problematic for gillnets.  However, Shane explained that these results were reflective of what was going on because Isely did not have sampling problems in the LSR.


The group then discussed ichthyoplankton sampling and Shane noted that the nets were deployed midway of the surface and the bottom of the water column for three minutes while gillnets were fished.  Amanda questioned whether the three minute duration time of the ichthyoplankton nets was a sufficient sampling time.  She explained that ichthyoplankton nets should be fished for at least 20 minutes.  Shane noted that ichthyoplankton sampling will be performed during sturgeon sampling next year, which is the peak migration season for shad/herring and the data will be applicable.  Prescott noted that ½ meter ichthyoplankton nets should be fished from the middle to the bottom of the water column for shad, herring, and sturgeon for approximately 15 to 20 minutes at each station.


Alan noted that because gillnetting does not prove to be an effective way to capture shad/herring in high velocity waters, we are thinking about conducting a telemetry study.  He mentioned that Isely captured a large number of shad around the 601 Bridge location by means of electrofishing.  We could sample this location and tag 50 to 100 shad.  Alan explained that the telemetry study would not only monitor movements of shad through the LSR, but it would also monitor shad moving through the Columbia Hydro fish passage.  Ross noted that instead of tagging 100 fish at once, we might want to consider tagging two batches of 50 fish.  Ross mentioned that the first step would be to find out the array of each receiver.  He also mentioned that he needs to find out the number of unique tags that are available for these receivers.  The group briefly discussed the locations of the receivers that are currently sampling in the lower Saluda, Congaree, and Broad river’s.  Ross noted that he would find out and provide the group with that information.  The group agreed that receivers for the telemetry study should potentially be placed in the vicinity of the Saluda tailrace, Harbison State Park, Parr Shoals, and Columbia fish passage.  Alan noted that a draft study plan will be sent out to all committee members by the end of January 2007.


Alan informed committee members that American eel sampling on the LSR by means of an eel ramp is currently being conducted and is expected to run through the end of October 2007.  He mentioned that the eel ramp located at the Saluda spillway will be taken out next week (November 7th), due to spillway testing and will be reinstalled as soon as possible.


Date/Location of Next Meeting


The group agreed that the next Columbia Hydro/Saluda Hydro Relicensing Joint Diadromous Fish meeting will tentatively occur on January 23rd, 2007 at the Carolina Research Park, starting at 9:30 AM.  Shane will send out an electronic meeting announcement confirming date, time and location.

� Unless American Shad are not being passed at St. Stephens due to delays in spawning runs as a result of varying climate and/or mechanical problems at the fish lift.
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ATTENDEES: 


Alan Stuart, Kleinschmidt Associates  Alison Guth, Kleinschmidt Associates 
Bret Hoffman, Kleinschmidt Associates  Amanda Hill, USFWS 
Harold Moxley, SCE&G  Joey Jaco, City of Columbia 
Steve Summer, SCANA Services  Dick Christie, SCDNR 
Ross Self, SCDNR  Prescott Brownell, NOAA Fisheries 
Milton Quattlebaum, SCANA Services  Bill Argentieri, SCE&G 
Ron Ahle, SCDNR  Steve Van Vlack, SCE&G 


ACTION ITEMS 


•  Prepare a study plan on the crosscalibration of the Columbia minimum flow gate to the 
Pace Gage on the Broad River Bridge 


Bret Hoffman 
•  Contact Columbia Parks and Recreation staff on possible coordination with the Fishway 


monitoring 
Joey Jaco 
•  Make revisions to Fishway Evaluation 
Alison Guth 
•  Coordinate with Jerrit Gibbons and Jason Bettenger on Telemetry Study 
Shane Boring 
•  Inform Al Crosby that Milton Quattlebaum will be in contact with him regarding shad 


passage at St. Stephens 
Ross Self 
•  Respond to Ben Rizzo’s comments on the O & M plan and Fishway Evaluation 
Paul Cyr, Harold Moxley, Alan Stuart 


MEETING NOTES: 


These notes serve to be a summary of the major points presented during the meeting and are not 
intended to be a transcript or analysis of the meeting. 


Alan Stuart opened the meeting at approximately 9:30 AM and the group began introductions for 
the benefit of the new individuals.  Alan noted that they would begin the day’s meeting with a 
discussion on the Operations and Maintenance Manual. 


Columbia Hydro Operations and Maintenance Manual:
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The group began the discussions by reviewing the comments provided in email format from Ben 
Rizzo of the Fish and Wildlife Service.  Prescott explained that Ben had provided a comment on 
page 25 of the report, the section entitled Intake Channel Bulkhead and on Table 2.1 Startup 
Procedures.  In this comment Ben had noted that all the debris and sediment accumulation needed to 
be removed from the upstream side of bulkhead gates at the upstream end of the Fishway prior to 
lifting.  His comment further pointed out that this action would minimize the passage of debris and 
sediment into the attraction water chamber and Fishway.  Harold Moxley noted that the debris had 
already been removed and explained that the Fishway would be clean prior to opening.  The group 
decided that clarification regarding this item may need to be included in the manual. 


The next comment that Ben had provided was regarding information on page 32 of the manual. 
Prescott read that Ben recommended the approach velocity at the attraction water intake racks 
should not exceed 2 fps in order to minimize impingement of fish and debris clogging.  Prescott 
continued to read that the resulting attraction flow at this intake with the pond at 153.5 should equal 
126 cfs.  Bret Hoffman and Harold discussed this with the group and Bret noted that the velocity 
had been calculated to the flow across the intake area with maximum gate openings.  Harold 
continued to explain that they would simply have to close the knife valves some to decrease 
velocity. 


Ben had also provided comments on page 18 and 39 of the document.  Ben had noted that during 
spill events, or other designated periods, the 4ft wide side entrance gate should be closed and the 
large 8ft wide main entrance gate should be opened.  Prescott explained that it was very difficult to 
predict how the fish will react to a circumstance and that it may be necessary to use a different 
combination of openings.  It was noted that many of these items will be cleared up upon the site 
visit. 


Ben noted in his comments that a dewatering inspection be performed every 2 years rather than 5. 
Steve Summer suggested that the group begin by dewatering every two years, however if nothing 
was seen, they would increase it to every 5 years.  The group agreed 


On page 39 of the document, there was discussion on the gate settings.  Ben had noted in his 
comments that the flow velocity at the bottom intake should not exceed 5 fps.  Harold noted that 
when the gate is lowered to 18 inches, the flows are most likely greater than 5 fps.  Prescott noted 
that there may be another way to resolve this during discussions with Ben. 


There were also questions that Ben had on Figure 2.1 – Rating Curve.  Prescott read that Ben had 
noted that they need to develop a field verified tailwater rating in the fish collection pool 
downstream from the spillway, Fishway entrances and at downstream end of the collection pool 
discharge channel for spillway flows up to 15k cfs.  Bret noted that these measurements had been 
field verified and more information will be included on this in the text.  Bill asked Harold and Bret 
to send an email back to Ben Rizzo addressing each of his questions.  Bret noted that they would 
have something out in the next two weeks.  Prescott noted that he was very pleased with the
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document.  Amanda Hill noted that she would review the document, but that she did not believe that 
she had any more comments than what Ben had provided.  Prescott noted that they could probably 
defer finalization of this document until after Ben had a chance to make a site visit.  Alan noted that 
they would try to have this document finalized by March. 


Discussion on the Fishway Compliance Monitoring Program Including Minimum Flows: 


Alan noted that in accordance with license articles they have to develop an operation compliance 
plan for minimum flow monitoring and headpond elevations.  Alan continued to explain that there 
were a couple of items in regards to this that the group needed to discuss.  Alan explained that 
Columbia has been using the Pace gage at the Broad River Bridge to verify flows provided by the 
gate.  Alan further noted that Kleinschmidt Associates has run a regression on the flow data, the 
results from which indicated that the gate accurately indicated flow to gage height with a R squared 
value of .95.  Harold noted that they were hoping to monitor minimum flows using the gate in the 
future.  Prescott agreed and noted that when the license article was written he did not believe there 
was a clear understanding on how calibrated the gate would be.  The group noted that this should be 
explained in detail in the compliance plan. 


Harold provided a little background on the Pace gage at the Broad River Bridge to the group.  He 
noted that after the DOT builds the new bridge, the cross section of river at that point will no longer 
be the same.  Bill Argentieri asked the group if they were satisfied with the proposal of calibrating 
the gate to the gage and then using the calibrated gate settings in the future.  The group expressed 
that they agreed.  Alan noted that they would develop a one to two page study scope on this and 
send it to the agencies.  Amanda and Prescott expressed that this would be acceptable. 


Bill explained that in order to proceed with the gate to gage calibration that they would have to pass 
flows lower than 900 cfs.  It was further noted that 900 cfs was the minimum flow for fish passage 
in the spring.  The group noted that this exercise would have to be postponed until June, after the 
fish passage season.  There was brief discussion on a possible electronic malfunction of flow data 
reporting.  Prescott noted that if the electronic reporting failed then it would probably be acceptable 
for SCE&G to provide photographic evidence that the flows are passing. 


Columbia Fishway Evaluation Plan: 


The next item of discussion was the Columbia Fishway Evaluation Plan.  The group went through 
the plan and Prescott noted that Ben had  provided comments on this document as well.  Prescott 
noted that they might want to observe the Columbia powerhouse discharges in order to see if any 
American shad are pooling in that area.  Alan and Steve noted that they did not see a significant 
number of American shad there during the electrofishing that was done as a result of the Columbia 
relicensing.  The group noted that the telemetry study would be taking some of this into account. 
Alison noted that she would include an item under objectives that noted that they would be 
coordinating with the telemetry study on this.
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There was some discussion on the counting periods and whether or not night counts were needed.  It 
was noted that there may be some technical difficulties with viewing the fish at night.  Prescott 
noted that at St. Stephens they had some initial experimentation with the lights and it did not appear 
that the bright lights slowed the fish down in any manner.  Steve Summer explained that the results 
of the telemetry study may show whether the fish are moving at night.  Dick Christie expressed that 
they have an interest in trying to understand shad movements through a 24 hour period.  There was 
some discussion on the employment of an underwater camera to film at the times when there was no 
observer.  Ross Self noted that the brand Accuview has put out a relatively inexpensive camera that 
has waterproof cables that feed to a recording device.  Alan noted that he would follow up on this 
item. 


Bill noted that it may be important to coordinate with SCDNR on a more frequent, perhaps weekly, 
basis.  Milton Quattlebaum was assigned as the contact person from SCE&G on this issue and it 
was noted that he would be in correspondence with Jerrit Gibbons or Al Crosby from SCDNR. 
Ross noted that he would talk to Al Crosby about being in contact with Milton.  Milton noted that 
he would email the committee when he heard word from DNR.  It was explained that a weekly 
report on passage at Columbia would also be developed and sent to the committee during passage 
season.  If there was a high flow event that rendered monitoring impossible, then this would be 
noted in the report. 


The group also discussed safety and security at the fish passage facility.  The group pointed out that 
Karen Kustafik and her staff at Columbia Parks and Recreation frequently patrolled that area.  The 
group noted that they would discuss with Karen whether or not it would be possible to have a ranger 
go to the observation window in the morning when they open and in the evening when they close in 
order to see if any fish were moving at that time.  Joey Jaco noted that he would contact Karen 
regarding this. 


Collectively, the group continued to progress through the report and a few edits were made to the 
fish observation numbers.  Ben Rizzo had suggested that the startup trigger for Fishway monitoring 
be changed to begin a week after a total of 10,000 American shad were passed at St. Stephens.  The 
suggestion was also made of switching to peak observation times when 50 American shad per day 
were being observed at the ladder.  A few other edits were made to the document and the draft with 
changes would be sent out to the group.  Alan clarified that during observations there may be 
periods that the observer had to leave his/her post for a few moments.  During that period the times 
and reason for leaving would be documented.  The group noted that this was understood.  It was 
also noted that the observer would only count the shad that were migrating upstream.  Dick 
explained that if the observer was seeing quite a few shad, then they should not hesitate to call 
USFWS or DNR.  It was noted that the agencies had in interest in seeing the fish ladder in use. 


The American Shad Telemetry Study:
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There was brief discussion on the American Shad Telemetry Study, although the group was 
generally pleased with the study report.  Dick pointed out that when tagged, the shad tend to swim 
downstream for some distance.  Because of this, Dick noted that the tagged fish should be placed 
upstream of a monitor. 


Alan noted that the Kleinschmidt team has been in close communication with Jason Bettenger of 
SCDNR during the study plan prep.  Alan continued to explain that they had decided to use 50 tags 
because that was the maximum amount that Jason felt comfortable deploying.  It was noted that the 
Kleinschmidt staff would have another meeting with Jason and Jerrit in early February.  The study 
will officially commence once 10,000 to 20,000 American shad are passed at St. Stephens.  Milton 
noted that he and other SCE&G staff would shock around the first week in March in order to see if 
shad were moving into the area. 


The group noted that with a few spelling corrections, the Telemetry Study could be issued as final. 


In conclusion, the group briefly reviewed homework assignments and the group adjourned.
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AGENDA 


§  9:30 to 9:35  Welcome and Introductions 


§  9:35 to 10:30  Discussion on Columbia Fishway O & M Manual 


§  10:30 to 10:35  Break 


§  10:35 to 11:45  Discussion on Fishway Compliance Monitoring Program  including 
Minimum Flows 


§  11:45 to 12:15  Lunch 


§  12:15 to 1:00  Discussion on the 2007 Columbia Fishway Evaluation Plan 


§  1:00 to 1:45  Discussion on the 2007 American Shad Telemetry Study Plan 


§  1:45 to 2:00  Review of any Homework Assignments/Action Items 


Adjourn







From: Mike Waddell
To: Kelly Maloney; 
Subject: RE: Down Stream Recreation Flow Assessment Report
Date: Tuesday, October 16, 2007 11:11:04 AM

Kelly:  On the calibrations curves all I have are river station numbers.  I would 
just like know what other constraints besides maximum rate of rise of 850 cfs.
 
Mike
 
 

From: Kelly Maloney [mailto:Kelly.Maloney@KleinschmidtUSA.com]  
Sent: Tuesday, October 16, 2007 10:54 AM 
To: Mike Waddell 
Cc: Jon Quebbeman; Alan Stuart 
Subject: RE: Down Stream Recreation Flow Assessment Report 
 
Mike,
 
Good morning.  Could you clarify what you mean by constraints on the model?  
 
I am unable to edit the pdf that shows the level logger locations in the report.  
Suffice it to say that the labels for the level loggers correspond to the locations 
on the river which are already labeled. 

●     Upstream of Hope Ferry is the most upstream location, just up from Hope 
Ferry. 

●     Corley Island, Gardendale, Oh Brother, Ocean Boulevard, Stacy's Ledge, 
and Shandon Rapids already have labels that correspond to the locations 
of the level loggers.  

●     Botanical Gardens is the level logger location at Mill Race Rapids in 
between Stacy's Ledge and Shandon Rapids - it has the 
label "Riverbanks Botanical Garden" right below it.    

Thanks,
Kelly

-----Original Message----- 
From: Mike Waddell [mailto:mwaddell@esri.sc.edu]  
Sent: Tuesday, October 16, 2007 10:28 AM 
To: Kelly Maloney 
Subject: RE: Down Stream Recreation Flow Assessment Report 

mailto:mwaddell@esri.sc.edu
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Kelly.O"Brien


{SpamScore: sss} {SpamScore: sss} {SpamScore: sss} 
 
Kelly: How many constraints were put on the model.  These calibrations 
are remarkable.  Would please send me a map with river stations label on 
it.  The only thing I can find on the calibrations is on Feb 14th and 15th the 
miss that event.  Base on the calibrations curves nobody can argue the 
model results.  I will be sending in the next few days my official 
comments, but now there will be very few.  Thank you for your patience.
 
Mike
 

From: Kelly Maloney [mailto:Kelly.Maloney@KleinschmidtUSA.com]  
Sent: Monday, October 15, 2007 3:26 PM 
To: Mike Waddell 
Cc: Alan Stuart; Jon Quebbeman 
Subject: RE: Down Stream Recreation Flow Assessment Report 
{SpamScore: sss} {SpamScore: sss} {SpamScore: sss} 
 
Mike,
 
My apologies...I intended to include the graphs with the last email.  Here 
they are for your review.  As discussed in the report, the maximum stage 
and rate of change comes from the model.  Actually, all of the results 
come from the model which was built using the level logger data.  It's not 
appropriate to use the actual level logger data for the analysis because it 
would be comparing apples and oranges.  For example, there were flows 
that were provided for such a short duration that the "maximum" stage 
was never actually achieved.  The flow did not have enough time to 
stabilize so analyzing the data for that flow directly would have 
underestimated the max and time to max.  Also as discussed in the 
report, the level loggers recorded water depths once per minute for 30 
days from January 22 through February 22, 2007.  The model likewise 
produces stage levels (in feet) for every minute of a 24-hour period for the 
reserve call scenario and the lake level management scenario and once 
every minute for 36 hours for the river stabilization scenario.
 
Thank you,
Kelly
 
 

-----Original Message----- 



From: Mike Waddell [mailto:mwaddell@esri.sc.edu]  
Sent: Monday, October 15, 2007 3:05 PM 
To: Kelly Maloney 
Subject: RE: Down Stream Recreation Flow Assessment Report 
{SpamScore: sss} {SpamScore: sss} 
 
Kelly:  I understand this a recreation flow assessment.  You talk 
about the modeling.  With that being said, and I am person who 
does modeling but not surface water, I want to see the calibration 
curves and rms errors between the model data and measure data.  
That give me an ideal on how reliable the results from the model 
are. You publish maximum stage and rate of change table in the 
report are those numbers from the data recorder or results from the 
modeling.  If the data is from the data recorders how often did the 
recorders punch data.  Your last paragraph explains a lot, because 
a year ago June one of our TU members was at Corley Island 
when one of those rare call up for reserved came and he saw a 
wall of water ~2 feet in height sweep him down stream.
Mike
 

From: Kelly Maloney [mailto:Kelly.Maloney@KleinschmidtUSA.
com]  
Sent: Monday, October 15, 2007 2:47 PM 
To: Mike Waddell 
Cc: Alan Stuart; Jon Quebbeman 
Subject: RE: Down Stream Recreation Flow Assessment Report 
{SpamScore: sss} {SpamScore: sss} 
 
Mike,
 
We identified the 850 cfs as a median release flow observed during 
the actual level logger deployments - which captured a full range of 
flow releases.  In addition, this release represents a balance 
between the higher release of 1,167 cfs experienced during 
reserve calls (which last about an hour and a half) and the lower 
release of 500 cfs during lake level management releases (which 
last about 6 hours).  The reality is (according to USGS hourly gage 
data provided by the SCDNR) that an hourly average of 18,000 cfs 
or greater has occurred only 18 days in the last 7 years; an 
average hourly of 12,000 cfs or greater has occurred only 6 
percent of the time (139 days) in the last 7 years; an average 
hourly of 8,000 cfs or greater has occurred only 13 percent of the 
time (301 days) in the last 7 years.  So, in reality, reserve call is not 



a frequent occurrence.
 
The limitation has to do with the fact that an assumption for 
operations had to be made within the scope and context of this 
study.  This is a recreational flow study - this study was never 
intended to be a full-blown operations model.  That is being 
handled by another TWC.  The purpose of this study was to 
characterize available recreation opportunities, understand the rate 
of change during operational flow scenarios, and identify public 
safety issues.
 
For a reserve call, the "rate of rise" is not 1,167 cfs, the release of 
water equates to 1,167 cfs every minute until the specified outflow 
is achieved.  For 18,000 cfs, a baseflow of 500 cfs is assumed, so 
a flow of 18,000 cfs from the dam would be achieved within 15 
minutes.  I agree that effect of this release is significant for the 
most upstream sites and attenuates as it moves downstream but 
this significance is already evident even with a conservative 
assumption of 850 cfs every minute.  The water comes up over 4 
feet in 15 minutes under that operational assumption (a "rate of 
rise" of 0.29 feet per minute).  Thus, we've already identified this as 
a safety concern and can recognize that the water comes up even 
faster during an actual reserve call.
 
I hope this answers your question and Jon and Alan can feel free 
to speak up if they have anything more to contribute.
 
Thanks, 
Kelly
 
 

-----Original Message----- 
From: Mike Waddell [mailto:mwaddell@esri.sc.edu]  
Sent: Monday, October 15, 2007 1:13 PM 
To: Kelly Maloney 
Subject: RE: Down Stream Recreation Flow Assessment 
Report {SpamScore: sss} 
 
Kelly:  Please clarify that there is a limitation of 850 cfs 
because of the HEC-RAS code or is this your limitation.  
Because what concerns me is on page 13 the report states 
in reality when the reserve is call up to 18,000 cfs the actual 



rate of rise is 1,167 cfs.  This is not significant for most 
areas on the river except at Metts Landing and Corley 
Island where we fish.  So what has to be done to simulate 
reality.
 
Mike
 

From: Kelly Maloney [mailto:Kelly.
Maloney@KleinschmidtUSA.com]  
Sent: Monday, October 15, 2007 11:51 AM 
To: Mike Waddell 
Cc: Alan Stuart; Jon Quebbeman 
Subject: RE: Down Stream Recreation Flow Assessment 
Report {SpamScore: sss} 
 
Mike, 
 
I am having the graphs you requested generated and will 
send them shortly. 
 
If I understand your second question correctly, the model 
assumes that the plant starts with a baseline flow of 500 
cfs, then increases flows incrementally by 850 cfs per 
minute regardless of operational scenario.  For a flow of 
3000 cfs, for example, the model assumes at minute zero 
the flow is 500 cfs; at minute one the flow is 500 cfs plus 
850 cfs (1350 cfs); minute two gains an additional 850 cfs 
increase, resulting in a flow of 2200 cfs; and minute three 
reaches the targeted flow of 3000 cfs.  This assumption is 
discussed as a limitation of the model on page 13 of the 
report. 
 
Just a reminder that, because I am departing for maternity 
leave on October 26, I would like to have all comments by 
October 19, if at all possible.  
 
Thank you, 
Kelly 
 
 
-----Original Message----- 
From: Mike Waddell [mailto:mwaddell@esri.sc.edu] 
Sent: Monday, October 15, 2007 10:04 AM 

mailto:mwaddell@esri.sc.edu


To: Kelly Maloney 
Subject: RE: Down Stream Recreation Flow Assessment 
Report 
 
 
What I need to evaluated the report is to know at each 
cross section across the river where there was a water level 
recorder the graph showing the modeling results and actual 
water levels from the data recorders to determine how well 
the model calibrated with actual measurements.  The other 
question I have are the rates of change in time and 
elevation base on incremented the flow at 850 cfs not 
18000 cfs at one time. 
 
Mike 
 
 
 
 
From: Kelly Maloney [mailto:Kelly.
Maloney@KleinschmidtUSA.com] 
Sent: Monday, October 15, 2007 9:50 AM 
To: Mike Waddell 
Subject: RE: Down Stream Recreation Flow Assessment 
Report 
 
 
Mike, 
 
They are generated from the model which was created with 
the level logger data. 
 
Thanks, 
Kelly 
-----Original Message----- 
From: Mike Waddell [mailto:mwaddell@esri.sc.edu] 
Sent: Monday, October 15, 2007 9:48 AM 
To: Kelly Maloney 
Subject: RE: Down Stream Recreation Flow Assessment 
Report 
 
 
Kelly I was able to open them.  In Appendix F the 
hydrographs are generated from the model or are they 
from the water level recorders? 
 

mailto:Kelly.Maloney@KleinschmidtUSA.com
mailto:Kelly.Maloney@KleinschmidtUSA.com
mailto:mwaddell@esri.sc.edu


Mike 
 
 
 
 
From: Kelly Maloney [mailto:Kelly.
Maloney@KleinschmidtUSA.com] 
Sent: Monday, October 15, 2007 9:24 AM 
To: Mike Waddell; Alan Stuart 
Subject: RE: Down Stream Recreation Flow Assessment 
Report 
 
 
Mike, 
 
The files are quite large.  Please let me know if you are 
unable to retrieve or open them. 
 
Thank you, 
Kelly 
 
 
-----Original Message----- 
From: Mike Waddell [mailto:mwaddell@esri.sc.edu] 
Sent: Monday, October 15, 2007 7:45 AM 
To: Kelly Maloney; Alan Stuart 
Subject: Down Stream Recreation Flow Assessment Report 
 
 
Kelly: I am missing Appendix E and F.  Therefore I cannot 
finish reviewing this report.  Would please send me the 
missing appendices and I will need a another week or two 
to finish reviewing and making comments. 
 
Mike 
 
Michael G. Waddell 
Research Associate Professor 
Earth Sciences and Resources Institute 
University of South Carolina 
Office (803) 777-6484 

mailto:Kelly.Maloney@KleinschmidtUSA.com
mailto:Kelly.Maloney@KleinschmidtUSA.com
mailto:mwaddell@esri.sc.edu


From: Jennifer Hand
To: "Steve Summer"; Alan Stuart; "Amanda Hill"; "Bill Argentieri"; 

"Dick Christie"; "Gerrit Jobsis (American Rivers)"; "Jim Glover"; 
"Prescott Brownell"; "Randy Mahan"; Shane Boring; "Steve Leach"; 

Subject: Saluda Relicensing: 2006-2007 LSR American Eel Evaluation
Date: Tuesday, January 22, 2008 1:14:42 PM
Attachments: 2006-2007 Lower Saluda River American Eel Evaluation 2008-01-22 (jms).

doc 

All: 
Attached for your review and comment is the 2006-2007 Lower Saluda River American Eel Evaluation.  
Please have comments back to me by February 12, 2008.  Thanks for your time and commitment to the 
Saluda relicensing process. 
  
Thanks, 
Jennifer S. Hand 
Biologist 
Kleinschmidt Associates 
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
P:803.951.2077 
F:803.951.2124 

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=JENNIFER.SUMMERLIN
mailto:ssummer@scana.com
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alan Stuart
mailto:amanda_hill@fws.gov
mailto:bargentieri@scana.com
mailto:dchristie@infoave.net
mailto:gjobsis@americanrivers.org
mailto:GloverJB@dhec.sc.gov
mailto:prescott.brownell@noaa.gov
mailto:rmahan@scana.com
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Shane.Boring
mailto:leachs@dnr.sc.gov
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1.0 Introduction

The American eel is the only catadromous fish species in North America.  While specific information regarding the spawning of American eel is limited, it has been documented that spawning grounds are located in the Sargasso Sea of the Atlantic Ocean.  Due to their highly migratory behavior, eels utilize a variety of habitat types to complete their life cycle.  Necessary habitat types include both open ocean and large coastal tributaries, as well as small freshwater streams, lakes and ponds.  The life cycle of the American eel consist of several distinct stages which include larval, glass eel (elvers), yellow eel (immature adult) and silver eel (sexually mature) stages.  The majority of an eel’s life is spent in freshwater systems.  Generally, environmental cues such as water chemistry, photoperiod, lunar phase, air temperature and water temperature potentially trigger upstream migration (Walsh et al. 1983, Parker and McCleave 1997, and Wippelhauser and McCleave 1988).  The American eel is known to occur throughout much of the Santee-Cooper River Basin of South Carolina.  Within the basin, American eel have been documented in portions of the Catawba, Broad, Pacolet, Tyger, Enoree, and Saluda rivers (USFWS et al. 2001).

Over the past two decades, American eel populations have declined along the east coast primarily from extensive overharvesting, degradation of habitat, pollution and/or migration barriers. As a result of these declines, the American eel is among the species identified by the National Marine Fisheries Service (NMFS), South Carolina Department of Natural Resources (SCDNR), and the U.S. Fish and Wildlife Service (USFWS) as a target species in the “Santee Cooper Basin Diadromous Fish Passage Restoration Plan” (USFWS at al. 2001), which was submitted and accepted by the FERC as a Comprehensive Plan under Section 10 (a)(2)(a) of the Federal Power Act.  In response to comments and study requests provided by the USFWS, NMFS, and SCDNR during initial stages of the Saluda Hydro Relicensing Project, SCE&G conducted sampling in the lower Saluda River (LSR).  The overall study objective was to determine the presence/absence of inmigrating juvenile American eels (Anguilla rostrata) in the LSR downstream of the Saluda Hydro Project.

2.0 Methodology

Experimental eel sampling ramps were deployed at the USGS gage (# 02168504) located on the LSR’s mainstem downstream of the Saluda Hydro Project Dam (Photo 1 and 2) and at the Saluda Hydro Project Spillway (Photo 3 and 4).  The experimental eel ramps sampled continuously at the spillway and USGS location from September of 2006 through the end of October 2007.  To ensure that no American eel were harmed, the two experimental eel ramps were checked weekly (two days per week) throughout the study period.

Eel ramps were constructed of corrugated plastic pipe.  To provide an attraction flow and to protect ascending eels from desiccation, a continuous flow was provided using a pump at the USGS location and a gravity feed flow at the spillway location.  Ramps were anchored such that the downstream end remained submerged under normal low flow conditions (approximately 450 cfs).  The upstream opening extended above normal high water and was outfitted with a secured holding chamber of sufficient design to minimize predation or other mortality of captured animals (Kleinschmidt 2006).

Photo 1:
Experimental Eel Ramp Located at the Tailrace of the Saluda Hydro Project

[image: image3.jpg]





Photo 2:
Experimental Eel Ramp Located at the Tailrace of the Saluda Hydro Project
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Photo 3:
Experimental Eel Ramp Located at the Spillway of the Saluda Hydro Project
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Photo 4:
Experimental Eel Ramp Located at the Spillway of the Saluda Hydro Project

[image: image6.jpg]





3.0 Results

The experimental eel ramps were fished continuously from September 2006 through the end of October 2007 with an approximate total of 10,176 sampling hours.  No American eel were caught during the year long study period in the LSR.

4.0 Discussion

No American eel were captured in the experimental eel ramps from September 2006 through October 2007.  The results of this study were consistent with the American eel surveys conducted on the LSR in 2005 and 2006 (Kleinschmidt 2005 & 2006).  The 2005 and 2006 survey sampled five locations along the LSR by using eel pots, and no American eels were captured.

Existing fishery data indicate that American eels in the LSR may be uncommon or rare.  American eels are occasionally captured along the LSR during standardized sampling performed by SCE&G and SCDNR.  Hal Beard of SCDNR indicated that during his 2005 fall sampling period he collected a total of three eels while electrofishing at ten sites along the LSR (H. Beard, SCDNR, Pers. Comm., as in Kleinschmidt 2005).  Similarly, Steve Summer of SCANA Services, Inc., noted that he captured one eel during standardized electrofishing conducted during April of 2005 (S. Summer, SCANA Services, Inc., Pers. Comm., as in Kleinschmidt 2005).  This information coupled with the results of our sampling to date suggests that the distribution of eels in the LSR may be fairly low.

Low abundance of American eel in the LSR may be in part due to water temperature preferences.  Studies have shown that upstream migration of yellow-phase eels usually occurs during spring when water temperatures range between 10-16˚C (Solomon and Beach 2004).  Spring (March, April, May) water temperatures for the LSR averaged approximately 11˚C during 2007 (Walsh et al. 1983).  Although this coincides with the range of preferred water temperatures for migrating eels, the water temperature of the LSR typically is lower than that of the Congaree and Broad rivers due to release of hypolimnetic waters through the Saluda Hydro Dam.  As such, inmigrating eels may chose the warmer waters of the Broad River over the LSR.
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APPENDIX A

STUDY PLAN: EVALUATION OF USAGE OF THE LOWER SALUDA RIVER BY INMIGRATING JUVENILE AMERICAN EEL (ANGUILLA ROSTRATA)

SALUDA HYDROELECTRIC PROJECT (FERC NO. 516)

STUDY PLAN: EVALUATION OF USAGE OF THE LOWER SALUDA RIVER BY INMIGRATING JUVENILE AMERICAN EELS (ANGUILLA ROSTRATA)

Diadromous Fish Technical Working Committee


May 23, 2006

I. Study Objective


To determine presence/absence of inmigrating juvenile American eels (Anguila rostrata) in the Lower Saluda River (LSR) downstream of the Saluda Hydroelectric Project.

II. Geographic and Temporal Scope


Sampling for juvenile eels (elvers) will focus on the LSR immediately downstream of the Saluda Hydroelectric Project (from the project spillway upstream to the Saluda Dam).

Sampling is slated to begin in May 2006, or as soon as experimental eel sampling ramps can be installed (see Section III for additional detail), and will continue through October 2007.

III. Methodology


Experimental eel sampling ramps will be deployed at Saluda Project spillway (Figure 1) and at the USGS gage located on the LSR’s mainstem downstream of the Saluda Project Dam (# 02168504; Figure 2).  Eel ramps will be constructed of corrugated plastic pipe (4’ to 10’ diameter) or similar materials; a continuous flow will be provided using a pump or gravity feed to provide an attraction flow and to protect ascending eels from desiccation.  Ramps will be anchored such that the downstream end remains submerged under normal low flow conditions (approximately 450 ft3/second).  The upstream opening will extend above normal high water and will be outfitted with a secured holding chamber of sufficient design to minimize predation or other mortality of captured animals.  Captured eel will be counted, photo-documented, and measured, if size allows.

Figure 1:
Potential Eel Ramp Location: Saluda Spillway


[image: image7.jpg]





Figure 2:
Potential Eel Ramp Location – USGS Gage Below Saluda Dam (# 02168504)

[image: image8.jpg]





IV. Schedule and Required Conditions


Sampling will begin in May 2006, or as soon as experimental eel sampling ramps can be installed, and will continue through October 2007.  Diadromous Fish TWC members will be notified via e-mail in the event that juvenile eels are captured, and an e-mail update will be issued monthly thereafter.  A final report summarizing the study findings will be issued upon completion of the study period.  All data collected will be provided in electronic format to agencies and interested stakeholders.  Study methodology, timing, and duration may be adjusted based on consultation with the resource agencies and interested stakeholders.

V. Use of Study Results


Study results will be used as an information resource during discussion of relicensing issues with the SCDNR, USFWS, NOAA – Fisheries (National Marine Fisheries Service), Fish & Wildlife RCG, Diadromous Fish TWC, and other relicensing stakeholders.


VI. Study Participants


		NAME

		ORGANIZATION

		PHONE

		E-MAIL



		Diadromous Fish Technical Working Committee



		Gerrit Jobsis

		Am. Rivers/CCL

		(803)771-7114 x 22

		gjobsis@americanrivers.org



		Alan Stuart

		Kleinschmidt

		(803)822-3177

		Alan.stuart@kleinschmidtusa.com



		Richard Kidder

		LMA

		(803)892-6539

		rkidder@pbtcomm.net



		Stephen E. Summer
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From: LEAPHART,JR., MALCOLML
To: Dave Anderson; Van Hoffman; BARGENTIERI@scana.com; Bill Marshall; David Hancock; 

dchristie@comporium.net; George Duke; Jennifer Hand; Jim Cumberland ; Joy Downs; 
Lee Barber; RMAHAN@scana.com; Steve Bell; Tim Vinson; Tommy Boozer; Tony Bebber; 
Alison Guth; Alan Stuart; 

cc: mwaddell@esri.sc.edu; christied@dnr.sc.gov; mrice@americanrivers.org; ahler@dnr.sc.gov; 
beardh@dnr.sc.gov; selfr@dnr.sc.gov; gjobsis@americanrivers.org; lmccaryvt@yahoo.com; 
keithcloud@yahoo.com; 

Subject: RE: Meeting Dates and Documents to Review
Date: Tuesday, February 26, 2008 10:55:45 AM

Thanks for the heads-up Monday, Dave. Yes, I did attach the wrong document Friday... 
Attached today is the intended document which I am circulating as a reply to all 
from your distribution of February 6 when you first sent the draft out.  Matt Rice had 
supported the recommendations Friday, but had seen them before my email to you in a 
prior send to him for comments.  Note the new title; and, as suggested previously 
the request that the recommendations be shared as soon as finalized with the Fish & 
Wildlife Group, many of whom I have also shared this message with.  Thanks... Malcolm
 
 

Recreation Resource Conservation Group
 

Issue Recommendation
Protection of trout fishing in the lower Saluda River

 
DRAFT                                                                                                                                                     
February 5, 2008
 
The lower Saluda River (LSR) is currently managed as a ‘put, grow, and take’ rainbow trout and 
brown trout fishery by the SC Department of Natural Resources (SC DNR).   Trout stockings vary 
in number depending primarily on availability of fish from the SC DNR Walhalla Fish Hatchery. 
 Stocking records suggest that typically the SCDNR stocks approximately 28,000 to 30,000 trout 
annually in the LSR, with a 3:1 ratio of brown trout to rainbow trout, respectively.  The length of 
the fish at the time of stocking is typically 7-8” for brown trout and 9-10” for rainbow trout.
 
Trout are typically stocked from November – March throughout the LSR after the dissolved 
oxygen levels have improved to safer levels for fish in the  releases of water from Lake Murray. 
 The initial stocking event is typically done by the use of helicopter to facilitate distribution of both 
species along the LSR.  Subsequent stockings are conducted by truck with stocking locations 
limited to 3 locations along the LSR.  Access to the river appears to be the most limiting factor 
affecting stocking of trout.  Intense fishing pressure, predation by striped bass and other 
warmwater species, no significant natural reproduction, and late-summer and fall  low dissolved 
oxygen (DO) concentrations have to date required that the LSR trout population be maintained 
by stockings.   
 
Recommendations:
 
The Recreation RCG recommends to the Fish & Wildlife relicensing group that SCE&G continue 
to support the trout fishing as a significant recreational activity in the LSR by: 
 

1.  Sharing relevant data (generation records, DO monitoring, temperature monitoring, etc.) 
with the SCDNR to facilitate information gathering on the trout fishery;
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2.  Providing sufficient access points on the LSR for anglers to enter/exit the river, especially 

for safety reasons from the danger of rapidly rising water levels;

 
3.  Maintaining the state standards for dissolved oxygen year round in the LSR;

 
4.  Maintaining minimum and maximum flow levels as determined by science based studies 

in conjunction with state and federal fishery agencies, such as the current ‘IFIM’ study 
undertaken during relicensing; 

 
5.  Continuing relationships with relevant state and federal resource management agencies 

to support the health, survival, and propagation of aquatic life and natural communities in 
and around the LSR, including adaptive management during the course of the new license 
with ongoing studies and evaluations to provide for healthy trout habitat during the new 
license term.

 
 
 



From: Alan Stuart
To: "Gina Kirkland"; Shane Boring; "JR. MALCOLML LEAPHART"; 
cc: "Gerrit Jobsis (American Rivers)"; "mrice@americanrivers.org"; "dengff@aol.

com"; "mseehorn@comcast.net"; "dchristie@comporium.net"; "Mark Giffin"; 
"James Glover"; "ahler@dnr.sc.gov"; "Bud Badr"; "beardh@dnr.sc.gov"; 
"dchristie@dnr.sc.gov"; "Scott Harder"; "selfr@dnr.sc.gov"; "Mike Waddell"; 
"Amanda Hill"; Alison Guth; Brandon Kulik; Dave Anderson; Jennifer Hand; 
"Prescott Brownell"; "Theresa Thom"; BARGENTIERI@scana.com; 
"mquattlebaum@scana.com"; RMAHAN@scana.com; "Steve Summer"; 
"rankind@scdmr.org"; 

Subject: RE: IFIM
Date: Monday, March 03, 2008 12:42:05 PM
Attachments: LSR Temperatures.ppt 

Gina,
 
You are pretty much correct.  I've attached graphs from our LSR DO standard 
public meeting presentation where we presented modeling information on wet, 
moderately wet, normal and dry years.  Especially during normal years, 
temperatures are pretty much optimal for trout growth.  There are a few 
exceptions during high/moderate inflow years  where temperatures generally rise 
for short durations (primarily because of having to operate Unit 5 to get rid of 
high inflows).  I'll caveat this by saying the temperature data in the graphs are 
from the USGS gage below the dam.  
 
Something I think getting lost in this whole thing is typically the LSR provides 
optimal growing temperatures year round (especially in normal flow years which 
we expect to occur more times than not).  The LSR does not experience 
extremely low temperatures (which inhibit metabolism and growth rates) in the 
winter time like true natural trout streams nor very seldom does it reach critical 
upper limits.   During minimum flow releases the LSR currently experiences 
temperature shifts due to daily warming thus, by default, provide what Malcolm is 
suggesting.  
 
I believe in our TWC meetings Dick C. indicated while there are three cool water 
species (brown/rainbow trout and smallmouth ?)  which are important but equally 
or more important are the approximately 40 warm water fish species.  The first 
goal in establishing a flow regime for the LSR was to ensure needs of a balanced 
indigenous biological community be considered.  I suspect, daily pulses to 
intentionally lower water temperatures for cool water species would have a 
very adverse impact on the warm water species both in terms of including 
spawning timing, spawning success, recruitment and growth rates.  
 
 I'll be the first to admit I'm rather novice in fishery management so if my 
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interpretation of the data is incorrect someone please feel free to correct my 
inaccuracies.
 
I'm off to fish in the creeks at Pawley's Island....have fun all :).
 
Alan
 
 
 
  
 
 
 

-----Original Message----- 
From: Gina Kirkland [mailto:KIRKLAGL@dhec.sc.gov]  
Sent: Monday, March 03, 2008 10:26 AM 
To: Shane Boring; JR. MALCOLML LEAPHART 
Cc: Gerrit Jobsis (American Rivers); mrice@americanrivers.org; 
dengff@aol.com; mseehorn@comcast.net; dchristie@comporium.net; 
Mark Giffin; James Glover; ahler@dnr.sc.gov; Bud Badr; beardh@dnr.sc.
gov; dchristie@dnr.sc.gov; Scott Harder; selfr@dnr.sc.gov; Mike Waddell; 
Amanda Hill; Alan Stuart; Alison Guth; Brandon Kulik; Dave Anderson; 
Jennifer Hand; Prescott Brownell; Theresa Thom; BARGENTIERI@scana.
com; mquattlebaum@scana.com; RMAHAN@scana.com; Steve Summer; 
rankind@scdmr.org 
Subject: RE: IFIM 
 
Hi Malcolm!
 
I noticed your question and this new email to Shane and my 
recollections from discussions of the studies done on the LSR, 
showed that the temperature did not go over about 62-63 degress 
F.  Am I remembering it incorrectly?  Thanks.
 
Gina 
 
>>> "LEAPHART,JR., MALCOLML" <MALCOLML@mailbox.sc.edu> 
3/3/2008 9:41 AM >>> 
Shane, 
Below is an observation on the effects of water temperature based on over 
50 years of experience with trout habitat from Monte Seehorn, retired SE 



Fisheries Biologist for the US Forest Service. Monte is still active, chairing 
the annual ‘Chatooga Coalition’ which brings the various state and federal 
agencies together with TU and other concerned constituent groups to share 
information to better manage the Chattooga trout fishery. Thought it would 
be appropriate and hopefully valuable to share the thoughts from a long time 
mentor to many scientists and one of the most respected in his field. Have 
distributed to the IFIM and F&W RCG lists. Would suggest that you in turn 
also share with the WQ TWC where the release guidelines from the lake to 
the LSR are being developed; and, also as Monte suggests that the critical 
water temperature factor be fully evaluated in the operational model. 
Malcolm
 
 
 
Malcolm, in my opinion , a constant 70 degree temperature would be more 
harmful to trout than one that allowed a fluctuation from 67-68 degrees to a 
maximum of 73 or 74 degrees in a 24 hour period. It really seems critical to 
provide the below 70 degree temperature for at least a couple hours in a 24 
hour period. I base that on some sampling and temperature records above 
and below SCS impoundments installed on  small trout streams in Georgia. 
The lakes acted as a heat sink, never allowing temperature to drop below 70 
degrees for several days, although maximum temperatures never exceeded 
72 degrees. The result: good rainbow populations above, no trout below...  
If these considerations could be worked into a flow model, it might help. I'm 
sure I have more info on this study in my old files if needed. SCS did the 
temp monitoring and I did the fish pop sampling. They published a paper in 
the Transactions of the Southeastern Association of Game and Fish 
Commissioners Meeting. 
Monte
 
 
From: LEAPHART,JR., MALCOLML  
Sent: Thursday, February 28, 2008 12:07 PM 
To: 'Shane Boring' 
Cc: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 
dchristie@comporium.net; Gerrit Jobsis (American Rivers); Gina Kirkland; 
Hal Beard; Jennifer Summerlin; Jim Glover; giffinma@dhec.sc.gov; Mike 
Waddell; mquattlebaum@scana.com; Prescott Brownell; Randy Mahan; Ron 
Ahle; Scott Harder; Steve Summer; Brandon Kulik; Alan Stuart; 
'dchristie@dnr.sc.gov'; 'beardh@dnr.sc.gov'; 'selfr@dnr.sc.gov'; 'ahler@dnr.
sc.gov'; 'mrice@americanrivers.org'; 'rankind@scdmr.org'; 
'mseehorn@comcast.net'; 'dengff@aol.com' 
Subject: IFIM
 



Shane, 
I have heard from Dan Rankin (SC DNR Fisheries Biologist) and also 
Monte Seehorn  (USFS, retired SE Fisheries Biologist) over the years 
how important water temperature is to maintaining trout populations – 
especially as temps in the higher end of the tolerance range for trout 
allows more warmwater species to reproduce, increasing predation. 
How is water temperature factored into the IFIM for the LSR to 
maximize the trout fishery since flows can be a major determinant 
of temperatures??? 
 
 



From: Buddy Baker
To: Shane Boring; Alan Stuart; Amanda Hill; BARGENTIERI@scana.com; 

Bob Perry; Brandon Stutts ; dchristie@comporium.net; Jennifer Hand; 
Jim Glover; RMAHAN@scana.com; Ron Ahle; 

cc: Jay Butfiloski; Billy Dukes; Tim Ivey; Derrell Shipes; Breck Carmichael; 
Hal Beard; Dean Harrigal; Walt Rhodes; Bob Harkins; Kennamer@srel.edu; 

Subject: RE:  Lk. Murray Waterfowl Survey Update
Date: Thursday, January 10, 2008 12:02:44 PM
Attachments: LakeMurrayWaterfowlSurveys2003-2008.xls 

Shane, et.al, Attached for comparison is the results of this years boat survey of waterfowl on Lake 
Murray. The survey route which has been conducted annually in January since 2003 only covers the 
lower portion of the main pool. Roughly everything north, south and east of Shull Island. Waterfowl 
continue to be scarce. Two bald eagles were recorded. 
 
-----Original Message----- 
From: Shane Boring [mailto:Shane.Boring@KleinschmidtUSA.com]  
Sent: Monday, December 17, 2007 3:11 PM 
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry; Brandon Stutts ; Buddy Baker; 
dchristie@comporium.net; Jennifer Summerlin; Jim Glover; Randy Mahan; Ron Ahle 
Subject: Lk. Murray Waterfowl Survey Update 
All: 
Warren Stephens of the Savannah River Ecology Lab flew the second Lake Murray waterfowl survey of 
the 2007-2008 season on December 12th, 2007. Results were similar to those of the previous survey, 
with only mallards and Canada geese observed.  Summaries of the data from SREL are attached.  
Thanks for your continued interest in the Lake Murray waterfowl surveys and have a great holiday 
season. 
Shane 
C. Shane Boring 
Environmental Scientist 
Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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Sheet1

				Lake Murray 2003		Lake Murray 2004		Lake Murray 2005		Lake Murray 2006		Lake Murray 2007		Lake Murray 2008		Total

		Mallard		26		19		2		44				23		114

		Black Duck		4												4

		Mot. Duck														0

		Gadwall														0

		Am. Wigeon														0

		G.W.Teal														0

		B.W.Teal														0

		N.Shoveler		3												3

		N.Pintail														0

		Wood Duck														0

		Total Dabblers		33		19		2		44		0		23		121

																0

		Redhead						1								1

		Canvasback														0

		Scaup		2610		1718		2		4		536		60		4930

		Ringneck		200		1353		34								1587

		Goldeneye		3												3

		Bufflehead		80		40				139		49		50		358

		Ruddy Duck		7												7

		Total Divers		2900		3111		37		143		585		110		6886

																0

		Mergansers						5		4						9

		Unidentified				4				4						8

																0

		TOTAL DUCKS		2933		3134		44		195		585		133		7024

																0

		Snow Goose														0

		Can. Goose		394		86		12		56		44		109		701

		White-Fronted Goose														0

		TOTAL GEESE		394		86		12		56		44		109		701

																0

		Tundra Swan														0

		Am. Coot		19500		9000		753		125		9				29387

		TOTAL WATERFOWL		22827		12220		809		376		638		242		37112



&LWinter waterfowl survey - SC Midlands & Piedmont
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From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

Subject: Oh Brother Geomorph Assessment
Date: Tuesday, September 18, 2007 1:14:29 PM
Attachments: Saluda Assessment 09-18-2007.pdf 

Dear Instream Flow TWC Members:
 
As you may remember, we had a geologist (Dr Tim Kana) conduct an 
assessment of the Oh Brother Rapids area of the Lower Saluda prior to placing 
transects there for the IFIM study.  Attached for your records is the memo 
summarizing Dr Kana's observations.  Thanks for your continued interest in the 
IFIM study.

C. Shane Boring  
Environmental Scientist  
Kleinschmidt Associates  
204 Caughman Farm Lane; Suite 301  
Lexington, SC 29072  
Phone: (803)951-2077  
Fax: (803)951-2124 
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INTRODUCTION


This memorandum report is prepared at the request of Kleinschmidt Associates in connec-
tion with a re-licensing study for the Lake Murray dam.  Coastal Science & Engineering
(CSE) was asked to perform a site visit and offer an opinion on bank erosion processes
in the Oh Brother Rapids area, approximately 1.7 miles upstream of Riverbanks Zoo in
Columbia (SC) (Fig 1).


WORK PERFORMED


CSE (Kana) and a Kleinschmidt biologist (Boring) conducted a site visit on 30 April 2007.
The Oh Brother Rapids area is accessible along the south (west) bank via the Rivers Edge
subdivision near I-26 and Hwy 378.  A pathway maintained by the homeowners associa-
tion extends for ~1,200 feet (ft) along the bank of the river beginning near one of two
transmission right of ways.  Reference points include the transmission line right of ways
and two gazebos upstream.  These are referenced in the next section and approximately
indicated on Figure 2.


SETTING AND GEOLOGY


Oh Brother Rapids is a north-south-trending section of the Saluda River ~7 miles down-
stream of the Lake Murray dam spillway.  At this locality, the river bifurcates into two major
channels for a distance of ~2,500 ft before merging together downstream.  Oh Brother
Rapids study area is the west channel in the section as shown on the aerial photo of
Figure 2.  On closer inspection, the west channel also includes a secondary limb through
the island between the two channels, which further bisects the flow in the downstream
portion of the system.


This section of the Saluda River is founded in the Columbia granite, an igneous intrusion
(“pluton”) into the surrounding metamorphic rocks of the Piedmont (Fig 3).  Upstream geol-
ogy is complicated and includes several formations starting with the Lake Murray gneiss
and the “Kiokee Belt” complex of metasedimentary rocks (iron-rich silicate minerals such
as amphibolite), plagioclase feldspar, schists derived from fine-grained mudstones, and
quartzite (recrystallized sandstone or chert) (Secor 1988).  Proceeding from the spillway,
the Saluda cuts through the “Persimmon Fork” formation (a volcanic tuff, rich in feldspar)
and the “Asbill Pond” formation (a complicated interbedding of metamorphosed sedi-
mentary and volcanic rocks).  The Columbia granite (280 million years old) is a younger
igneous intrusion into these highly folded and distorted earlier rocks (Secor 1988).
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FIGURE 1.   Project location along the Saluda River between the Lake Murray dam spillway and Riverbanks Zoo. 
[Source:  2004 DeLorme Xmap® 4.5, www.delorme.com]







Memorandum Report Opinion of Bank Erosion Processes3CSE  [2244]   MAY 2007 Saluda River, South Carolina


FIGURE 2.   Aerial image of the site showing selected points referenced in the report.   [Source:   Google Earth™]


1)  Upstream gazebo
2)  Homeowners gazebo
3)  Upstream power-line corridor
4)  Downstream power-line corridor
5)  Isthmus between channels
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FIGURE 3.   Geologic province in the vicinity of the study area (from Secor 1988).
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As the upstream rocks eroded by such riverine processes as plucking and abrasion, they
produced an admixture of gravel (numerous rock types from the diverse source forma-
tions), sands and muds.  Typically, muds are derived from the felsic rocks, whereas quartz
sand is derived from the quartzite, gneiss, and granite veins in the upstream areas such
as the spillway (Secor 1988).


The river section in the study area is bounded by 20–75-ft-high bedrock hills which anchor
the channels.  In some areas (eg, the upstream transmission line right of way), the hillside
slope is situated at the edge of the channel.  However, most of the Oh Brother Rapids
area (west bank) includes a narrow (~50–500 ft wide) flood plain perched about 3–5 ft
above low-flow stage (water level the day of our site visit).  The active channel is of the
order 100 ft wide (west channel of the study area).  At low stage, typical water depths are
~1–3 ft (Fig 4).  By comparison, the east channel is 2–3 times wider but carries less flow
during low stages because the granite of the floor is situated at least 3–5 ft higher than
the west channel.


A soil horizon has accumulated on the narrow flood plain, allowing dense forest growth.
South Carolina’s humid climate and relatively rapid weathering processes facilitate devel-
opment of this alluvial deposit.  However, numerous granite exposures are present from
the active channel bank to the top of the bluff slope.  The islands that separate the bifur-
cated channels appear similar in character with a thin soil horizon and dense forest
vegetation covering nearly all the land surface (Figs 2 and 5).


The downstream end of the study area is a confluence of channels and deposition zone.
Mixed cobble, pebble, and sandy bars exhibit a characteristic braided stream pattern as
the flows merge and become deflected by boulder outcrops of the granite (Fig 6).  This
lower section of Oh Brother Rapids includes several ledges and low-relief falls.  Potholes
are present but not ubiquitous, probably because the granite is quartz-rich and relatively
resistant to pothole drilling by mudstones or other soft gravels that are derived from
upstream.
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EROSION ASSESSMENT


The site is subject to a range of erosion/deposition processes typical of intermediate river
sections.  Because it is above the fall line and well above base level, erosion remains the
dominant process at long geologic time scales.  However, at decade to century time
scales, there is evidence for general stability of the channel.  Following are lines of evi-
dence based on the site visit and experience from similar settings.


Bedrock Control
The Columbia Granite forms a stable substrate which fundamentally controls the channel
way at century (to millennial) time scales.  Scour, abrasion, and plucking processes will
only incrementally alter this over the next few centuries.


Channel Sections
There is considerable variability in channel width.  The presence of a narrow flood plain
with a soil horizon along the west side of the west channel suggests the channel way is
more than adequate to handle flows, and flood conditions do not sweep the unconsoli-
dated sediment away.  If this were not the case, there would be more exposure of granite
(and less vegetation) on the flood plain.


Braiding Pattern and Sediments
At the downstream confluence of the channels, sand and gravel have accumulated as
longitudinal bars (see view from point 5 in Figure 6).  The material is relatively coarse
grained with little fine sand and negligible mud.  In characteristic fashion, the upstream
apex of the bars contains the coarsest material (cobbles/boulders) and the downstream
end fines to pebbles and granules.  The upstream supply of sand and gravel appears
limited by virtue of a near absence of gravel accumulation on the exposed granite of the
east channel.  While the gravel bars are depositional features, they are easily mobilized
by floods.  Excess gravel will move downstream, so in all probability, the gravel volumes
are in approximate balance with the supply and the stream flow.  In other words, the
effective flow cross-section is expected to remain stable at decade to century time scales.


Vegetation Along Banks
The entire study area is heavily vegetated up to the edge of the bank.  Mature trees can
be seen growing out of the bank.  In some cases, a tree’s growth habit gives away the
infrequency of erosion events (Fig 7).  Note the partial fall of the 12-inch tree growing out
of the bank.  The upper part of the tree is growing vertically.  This suggests an early event
perhaps 10–20 years ago caused the bank to erode in this locality, but then no more
recession occurred, allowing the tree to resume vertical growth.  There is evidence of soils
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FIGURE 7.   Mature tree between points 1 and 2 (Fig 2) showing altered
growth form following partial bank collapse.  Size of the upper and lower sec-
tions of the trunk suggests bank collapse has been episodic and very slow.


bound by roots holding sections of bank in place while adjacent areas are scoured (Fig
8).  Such localized erosion does not fundamentally alter the controlling flow section.  It
simply indicates local flow separation effects.


Obstructions Impacting Bank Erosion
Isolated boulders, downed tree trunks or vegetation mats, debris accumulations, and other
obstructions close to the bank have the effect of locally modifying flows (Fig 9).  Eddies
and backwaters form downstream of obstructions and produce localized scour.  The most
active example is shown in Figure 10.  In some places, property owners have added riprap
to stop further recession of the bank (Fig 11).  Riprap protection represents no more than
~5 percent of the study area, confirming the localized nature of erosion adjacent to ob-
structions.
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FIGURE 8.   Dense root mats and boulder outcrops locally anchor the channel section
(approximately 100 ft downstream of point 4 on Fig 2).


FIGURE 9.   Isolated boulders locally modify flows and produce shoots or back waters lead-
ing to differential scour.
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FIGURE 10.   An ~75-ft length of bank about 200 ft downstream of the homeowners asso-
ciation main gazebo, showing active bank recession caused by an eddy shed off the main
channel around debris and rock outcrops.


FIGURE 11.   Riprap placed along a short escarpment to stabilize a local scour section.
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FIGURE 12.   A “scour crater” between points 1 and 2 (Fig 2) along the path on the west
bank.  The origin of this feature is uncertain, but could have been a man-made excavation
that has been modified by occasional flooding.  No other features like this were found; nor
was there any evidence of frequent flooding features such as ripple marks, large debris
rafting, or planed-off vegetation.  This provides additional evidence of channel stability at
decade to century time scales.


Infrequent Flooding Out of Banks
The floor of the flood plain generally lacks evidence of frequent, high-stage floods.  Debris
lines show only minor concentrations of small brush.  There are no obvious watermarks
on tree trunks.  And there was only one area (Fig 12) where a scour crater may have
formed in the alluvium (and the origin of that feature is uncertain – for example, it could
have been a man-made pit dug in conjunction with foot-path construction and then re-
shaped by occasional flood water filling the small basin).  Frequent overtopping of the
banks would yield ripple features, planed-off vegetation and much more debris trapped
against tree trunks.
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CONCLUSIONS


The Oh Brother Rapids section of the Saluda River is fundamentally stable at decade to
century time scales.  The average flow cross-section is likely to remain constant with only
local, minor perturbations due to scour around obstructions.  The channel and adjacent
flood plain are more than adequate to handle expected peak flows as evidenced by their
morphology, soil layer, vegetative state, and related indicators.  Stable granite controls the
flow sections with minor variations where gravel or soil layer have developed.  The eastern
limb of the Saluda River in the study reach (commonly referred to as the Maytag Rapids
area) becomes available at higher flow stages, thus providing additional section to accom-
modate peak from the hydroelectric facility.  The growth habit of mature trees along the
west bank confirms episodic but infrequent and minor-scale bank collapse.  One ~75-ft
section of bank ~200 ft downstream of the main community gazebo shows evidence of
active erosion.  This is due to a backwater eddy around obstructions and is highly local-
ized and limited in extent.


For flow modeling studies, it will be useful to select several sections that appear to be
anchored by boulders, bedrock, and dense vegetation along the flanks, then average the
discharge.  Subsequent flow studies should use the same sections and averaging tech-
nique to compare against the schedule of releases from the dam.
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I.  SUMMARY 
On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY 
BIOLOGICAL SERVICES, LLC (SCDHEC Laboratory Certification No. 32010), SOUTH 
CAROLINA ELECTRIC & GAS (SCE&G), and KLEINSCHMIDT ASSOCIATES 
conducted an instream benthic macroinvertebrate community rapid bioassessment on the 
lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) 
operated by SCE&G. Additionally, three replicate Hester Dendy multi-plate 
macroinvertebrate samplers were placed at each sampling station on 25 July 2007, allowed 
to colonize, and collected on 19 September 2007 to compare with the rapid bioassessment 
data. 
 
To determine if macroinvertebrate communities differed significantly between sampling 
stations, data were analyzed with linear regression. Regression analysis of the Hester Dendy 
data showed biotic conditions improved significantly as distance from the dam increased. 
This result was expected. Studies have demonstrated that rapid fluctuations in current 
velocity and water level associated with the operation of hydroelectric dams results in 
reduced diversity, by decreasing habitat and/or survival of habitat-specific taxa (Death, 
1995; Death and Winterbourn, 1995; Ward and Stanford, 1995; Valentin et al., 1995). As 
distance from the dam increases, the fluctuations in current velocity and water level are 
smaller and slower, resulting in improved biotic conditions. 
 
For the rapid bioassessment data, regression analysis showed no detectable trends in taxa 
richness, total abundance, or in percentage of the dominant taxon as a function of distance 
from the hydroelectric dam in July or in September. The July samples did show a significant 
increase in the EPT indices as distance from the dam increased. The September samples 
showed a significant increase in EPT index and EPT abundance values as distance from the 
dam increased. The September samples also showed a significant decrease in NCBI values 
as distance from the dam increased. This corroborates the Hester-Dendy data. 
 
Comparing the two methods, the Hester Dendy method detected trends among stations that 
were not statistically significant for the rapid bioassessment data. This may be due to the 
high sampling variability of rapid bioassessment samples. There is greater variability in the 
rapid bioassessment data because this method only samples the river margins, where habitat 
is less stable due to river level fluctuations. The Hester Dendy samplers provide a more 
stable habitat, and lower variability in the samples enables the detection of trends in the 
macroinvertebrate community. 
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II. INTRODUCTION 
On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY 
BIOLOGICAL SERVICES, LLC, SOUTH CAROLINA ELECTRIC & GAS (SCE&G), and 
KLEINSCHMIDT ASSOCIATES, conducted a benthic macroinvertebrate rapid 
bioassessment on the lower Saluda River downstream of the Saluda Hydroelectric Project 
(Lake Murray) operated by SCE&G. 
 
The hydroelectric dam produces electricity from water obtained from Lake Murray. This 
water is released into the lower Saluda River and can affect the benthic macroinvertebrate 
communities downstream in several ways. First, mechanical disturbance results from rapid 
changes in water level and current velocity during the production of power. This disturbance 
can reduce the amount of stable macroinvertebrate habitats, including stream banks, leaf 
packs, and fine sediment deposits (Stalnaker et al., 1989; Death, 1995; Ward and Stanford, 
1995; Valentin et al., 1995). Secondly, due to the thermal stratification of Lake Murray in 
summer, the release of anoxic water from the hypolimnion can reduce oxygen levels of the 
lower Saluda River. This can reduce the amount of suitable habitat for macroinvertebrates, 
which require oxygen to live. 
 
Due to a lack of reference or control stations, it is not possible to determine if operation of 
the hydroelectric dam (rapid, periodic fluctuations in water level and current velocity) has 
caused a reduction in the diversity and abundance of the macroinvertebrate community at 
the sampled locations. However, this study can answer the following questions: 


1)  Are there significant differences in the macroinvertebrate community as a function 
of distance from the hydroelectric dam? 


2)  What differences were found between rapid bioassessment and Hester Dendy multi-
plate sampler collection methods? 


 
III. DESCRIPTION OF THE STUDY AREA 
Six stations were sampled on the lower Saluda River, beginning directly downstream from 
the hydroelectric dam’s release and ending approximately 10.5 kilometers downstream 
(Figure 1). The first sampling site, Station TR, was established approximately 500 meters 
downstream from the hydroelectric dam. Available habitat consisted of thick mats of 
submerged aquatic macrophytes, submerged logs, some large boulders, and gravel. Some 
sand was also present. 
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Figure 1. Sampling locations for benthic macroinvertebrates collected from the lower Saluda River, downstream from the Saluda 
Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South 
Carolina. 
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The second sampling site, Station SPW, was located in the side channel formed by the dam's 
spillway. This channel was located approximately one kilometer downstream from the 
hydroelectric dam. When not in use, the spillway channel receives water only from seeps 
along the banks, leakage from spillway gates, and the backwater effect from the Saluda's 
mainstem. Available habitats included submerged aquatic macrophytes, vegetated banks, 
large rocks and boulders, and the gravel, sand and detritus that made up the channel bottom. 
 
The third river sampling site, Station MR, was located just upstream of the confluence with 
Twelve Mile Creek and approximately 4.5 kilometers downstream from the hydroelectric 
dam. Available habitats included submerged logs, aquatic macrophytes, snags, large rocks, 
vegetated banks, and the muddy channel bottom. 
 
The fourth river sampling site, Station LR, was located between the Interstate 20 and 
Interstate 26 bridges and approximately 8.5 kilometers downstream from the hydroelectric 
dam. Available habitats included submerged logs, snags, vegetated banks, a riffle area, and 
the muddy channel bottom. Large boulders were present in the deeper parts of the section. 
 
The fifth river sampling site, Station OB, was located near the Ocean Boulevard shoal area 
and approximately 9.5 kilometers downstream from the hydroelectric dam. Available 
habitats included submerged logs, snags, vegetated banks, large boulders and rocks, aquatic 
macrophytes, and the gravel and sand river bottom. This section has a large gravel riffle.  
 
The sixth river sampling site, Station ZO was located near the Riverbanks Zoo river access 
and approximately 10.5 kilometers downstream from the hydroelectric dam. Available 
habitats included submerged logs, snags, vegetated banks, and the muddy channel bottom. 
In addition, large boulders were present.  
 
Previous rapid bioassessments included other sampling sites. These stations included 
Stations UR and OX. Station UR was located in a shoal area of the main river channel, 
approximately 50 meters downstream of the spillway channel entrance and 30 meters from 
the north bank. Station OX was established in an oxbow pond on the south side of the main 
river channel, approximately 1.5 kilometers downstream from the hydroelectric dam. The 
oxbow pond is connected to the main river channel by a channel 50 meters wide and is 
flushed during periods of high water.   
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IV. MATERIALS AND METHODS 
A.  Field Procedures 
1. Rapid Bioassessment Samples 
Aquatic macroinvertebrates were qualitatively collected from all available habitats (e.g., 
stream margins, leaf packs, aquatic vegetation, water soaked logs and sand deposits) using a 
D-frame aquatic dip net and by picking organisms from substrates with forceps. Sampling 
was conducted along a 10-50 meter area at each location to the depth of approximately one 
meter. For each station, collections from all habitat types were pooled to form one aggregate 
sample and preserved in the field with 80% ethanol. Each sample represented 1.5 man-hours 
of sampling effort by experienced biologists. Sampling procedures were kept similar at each 
station to enable taxonomic and numerical population comparisons between stations. 
 
2.  Hester Dendy Samples 
Additionally, three replicate Hester Dendy multi-plate macroinvertebrate samplers were 
placed at five stations, allowed to colonize for seven weeks, and collected for analyses. The 
samplers were preserved in the field with 70% ethanol and returned to CARNAGEY 
BIOLOGICAL SERVICES, LLC for sample processing. Hester Dendy samplers were 
colonized from 25 July 2007 to 19 September 2007. 
 
3.  Physicochemical Measurements 
In conjunction with the macroinvertebrate assessment, water temperature, dissolved oxygen, 
pH, and conductivity were measured using a Yellow Springs Instruments Model 55 
Dissolved Oxygen meter and a Yellow Springs Instruments Model 63 Multimeter.   
 
B. Laboratory Procedures 
Upon return to the laboratory, the macroinvertebrates were removed from any debris with 
the aid of a stereo microscope, identified to the lowest positive taxonomic level, and 
enumerated using appropriate techniques and taxonomic keys. All specimens will be 
maintained by CARNAGEY BIOLOGICAL SERVICES, LLC, in a voucher collection for 
five years, or placed into the permanent reference collection. 
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C. Data Analysis 
To obtain the most information possible from the data, several types of analysis were 
performed. Bioassessment metrics allowed comparison of stations based on their overall 
taxonomic composition. Regression analyses detected trends in macroinvertebrate 
community composition with distance from the dam. Additionally, comparison of the July 
rapid bioassessment samples to the September rapid bioassessment samples was based on 
two-factor ANOVAs without replication. Data were log10(x+1) transformed prior to 
analysis. 
 
1.  Bioassessment Metrics 
Comparisons of the macroinvertebrate communities were based on changes in taxonomic 
composition between sampling sites and on the known tolerance levels and life history 
strategies of the organisms encountered. Changes in taxonomic composition were 
determined using the metrics outlined in Rapid Bioassessment Protocol III of Rapid 
bioassessment protocols for use in streams and rivers (Plafkin et al. 1989). These metrics 
include the following: 
 a) Taxa richness - The number of different taxa found at a particular location is an 
indication of diversity. Reductions in community diversity have been positively associated 
with various forms of environmental pollution, including nutrient loading, toxic substances, 
and sedimentation (Barbour et al., 1996; Fore et al., 1996; Rosenberg and Resh, 1993; 
Shackleford, 1988). 


 b) EPT Index - EPT Index is the number of taxa from the insect orders 
Ephemeroptera, Plecoptera and Trichoptera found at a station. These three insect orders are 
considered to be intolerant of adverse changes in water quality, especially temperature and 
dissolved oxygen, and therefore, a reduction in these taxa is indicative of reduced water 
quality (Barbour et al., 1996; Lenat, 1988). 


 c) Chironomidae taxa and abundance - The Chironomidae are a taxonomically and 
ecologically diverse group with many taxa which are tolerant of various forms of pollution. 
The chironomids are often the dominant group encountered at impacted or stressed sites 
(Rosenberg and Resh, 1993). 


 d) Ratio of EPT and Chironomidae abundance - The relative abundance of these four 
indicator groups is a measure of community balance. When comparing sites, good biotic 
conditions are reflected in a fairly even distribution among these four groups (Plafkin et al., 
1989). The value of this ratio is reduced by impact due to the general reduction of the more 
sensitive EPT taxa and an increase in the more tolerant chironomid taxa. 
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 e) Ratio of scraper/scraper and filtering collectors - When comparing sites, shifts in 
the dominance of a particular feeding type may indicate a community responding to an over-
abundance of a particular food source or toxicants bound to a particular food source 
(Rosenberg and Resh, 1993). 


 f) Shredder/total number of specimens collected - When comparing sites, reductions 
in the relative abundance of shredders can indicate changes in the quality or quantity of 
riparian zone vegetation or the presence of toxic substances bound to organic carbon 
contained in the leaf and woody material which comprises their food source (Plafkin et al., 
1989). 


 g) Percent contribution of dominant taxon - This measures the redundancy and 
evenness of the community structure. It assumes a highly redundant community reflects an 
impaired community because as the more sensitive taxa are eliminated, there is often a 
significant increase in the remaining tolerant forms (Barbour et al., 1996; Shackleford, 
1988). 


 h) North Carolina biotic index (NCBI) - NCBI = TViNi/N where TVi is the 
tolerance value for the ith  taxon, Ni is the abundance of the ith taxon, and N is the total 
abundance of all taxa in the sample. This index utilizes a pollution tolerance value 
developed over a wide range of conditions and pollution types and taxon abundance to 
assess the amount of impact (North Carolina Department of Environment, Health and 
Natural Resources, 1997). The values range from 0-10, increasing as water quality 
decreases. This metric appears to be adversely affected by the combination of low taxa 
richness and low abundance, often indicating better conditions than actually exist. 
 
2.  Regression Analyses 
a.  Rapid Bioassessment Data 
To detect trends in the macroinvertebrate community as a function of distance from the 
hydroelectric dam (sampling station), six linear regression analyses were performed on the 
rapid bioassessment data. Data were log10(x+1) transformed prior to regressing taxa 
richness, total abundance, EPT index, EPT abundance, NCBI values, and percentage of the 
dominant taxon on distance from the dam. Plots of data were constructed if any trends were 
detected (alpha ≤ 0.05) among stations. 
 
b.  Hester Dendy Data 
To detect trends in the macroinvertebrate community as a function of distance from the 
hydroelectric dam (sampling station), six linear regression analyses were performed on the 
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Hester Dendy data. Data were log10(x+1) transformed prior to regressing taxa richness, total 
abundance, EPT index, EPT abundance, NCBI values, and percentage of the dominant taxon 
on distance from the dam. Plots of data were constructed if any trends were detected (alpha 
≤  0.05) among stations. 
 
V. RESULTS 
A. Physicochemical Analysis 
 
The water chemistry data taken in conjunction with the macroinvertebrate assessment are 
presented in Tables 1 and 2.  
 
Table 1. Physicochemical data collected in conjunction with the macroinvertebrate 


assessments of the lower Saluda River downstream of the Saluda Hydroelectric 
Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, 25 and 30 July 2007. 


 
 Station 


Parameter TR SPW MR LR OB ZO 
Temperature (°C) 15.2 16.0 17.1 17.9 18.7 18.3 
Dissolved Oxygen (mg/l) 9.64 6.85 10.32 9.90 9.76 6.83 
pH (SU) 6.52 6.69 6.99 6.99 7.11 7.15 
Conductivity (μS/cm) 64.4 68.0 66.5 70.1 69.9 72.1 
 
Table 2. Physicochemical data collected in conjunction with the macroinvertebrate 


assessments of the lower Saluda River downstream of the Saluda Hydroelectric 
Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, 19 September 2007. 


 
 Station 


Parameter TR SPW MR LR OB ZO 
Temperature (°C) 17.7 17.7 17.8 18.3 18.4 18.3 
Dissolved Oxygen (mg/l) 8.92 8.86 10.78 9.68 9.15 8.76 
pH (SU) 6.73 6.40 6.83 6.71 6.91 7.12 
Conductivity (μS/cm) 105.6 89.3 87.2 89.7 86.8 90.0 
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B. Macroinvertebrate Community Analysis 
1.  Rapid Bioassessment Samples (25 and 30 July 2007) 
A total of 1123 specimens representing 69 taxa were collected from six sampling stations 
during this assessment. The number of specimens collected, their NCBI tolerance values, 
functional feeding groups, and relative abundance are presented in Table 3 for each station. 
Bioassessment metrics for each sampling station are presented in Table 4. Table 5 lists the 
number of specimens and relative abundance of dominant taxa (>5% of the collection) for 
each station. 
 
The sampling effort at Station TR yielded 214 specimens representing 22 taxa (Table 3). An 
EPT index of 4 was calculated for this station, and the NCBI value of 8.11 resulted in a 
water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and 
contributed 24% of the collection. The dominant functional feeding group was the scrapers, 
which contributed 47% of the collection. The dominant taxon was Dicrotendipes sp., 
contributing 21% of the specimens collected (Table 5). 
 
The sampling effort at Station SPW yielded 323 specimens representing 34 taxa (Table 3). 
An EPT index of 4 was calculated for this station, and the NCBI value of 7.48 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 7 taxa and 
contributed 13% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 26% of the collection. The dominant taxon was Gammarus sp., 
contributing 14% of the specimens collected (Table 5). 
 
The sampling effort at Station MR yielded 180 specimens representing 29 taxa (Table 3). 
An EPT index of 10 was calculated for this station, and the NCBI value of 6.60 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and 
contributed 6% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 53% of the collection. The dominant taxon was Caecidotea sp., 
contributing 19% of the specimens collected (Table 5). 
 
The sampling effort at Station LR yielded 214 specimens representing 26 taxa (Table 3). An 
EPT index of 11 was calculated for this station, and the NCBI value of 6.48 resulted in a 
water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 3 taxa 
and contributed 2% of the specimens collected. The dominant functional feeding group was 
the scrapers, which contributed 54% of the collection. The dominant taxon was Caecidotea 
sp., contributing 18% of the specimens collected (Table 5). 
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The sampling effort at Station OB yielded 192 specimens representing 26 taxa (Table 3). An 
EPT index of 10 was calculated for this station, and the NCBI value of 6.02 resulted in a 
water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 5 taxa 
and contributed 4% of the specimens collected. The dominant functional feeding group was 
the collector-filterers, which contributed 34% of the collection. The dominant taxon was 
Baetis intercalaris, contributing 13% of the specimens collected (Table 5). 
 
The sampling effort at Station ZO yielded 185 specimens representing 40 taxa (Table 3). An 
EPT index of 9 was calculated for this station, and the NCBI value of 6.92 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by a 12 taxa 
and contributed 15% of the specimens collected. The dominant functional feeding group 
was the scrapers, which contributed 34% of the collection. The dominant taxon was 
Campeloma decisum, contributing 14% of the specimens collected (Table 5). 
 
Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 
0.05) in taxa richness, total abundance, EPT abundance, NCBI, or in percentage of the 
dominant taxon as a function of distance from the hydroelectric dam(Table 6). EPT indices 
increased significantly as a function of distance from the hydroelectric dam (Table 6, Figure 
2). 
 
2.  Rapid Bioassessment Samples (19 September 2007) 
A total of 1132 specimens representing 69 taxa were collected from six sampling stations 
during this assessment. The number of specimens collected, their NCBI tolerance values, 
functional feeding groups, and relative abundance are presented in Table 7 for each station. 
Bioassessment metrics for each sampling station are presented in Table 8. Table 9 lists the 
number of specimens and relative abundance of dominant taxa (>5% of the collection) for 
each station. 
 
The sampling effort at Station TR yielded 208 specimens representing 26 taxa (Table 3). An 
EPT index of 3 was calculated for this station, and the NCBI value of 8.29 resulted in a 
water quality rating of “poor” (Table 4). The Chironomidae were represented by 3 taxa and 
contributed 5% of the collection. The dominant functional feeding group was the predators, 
which contributed 37% of the collection. The dominant taxon was Enallagma sp., 
contributing 32% of the specimens collected (Table 5). 
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The sampling effort at Station SPW yielded 237 specimens representing 31 taxa (Table 3). 
An EPT index of 6 was calculated for this station, and the NCBI value of 7.87 resulted in a 
water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and 
contributed 13% of the specimens collected. The dominant functional feeding groups were 
the predators and the scrapers, which each contributed 31% of the collection. The dominant 
taxon was Enallagma sp., contributing 19% of the specimens collected (Table 5). 
 
The sampling effort at Station MR yielded 201 specimens representing 27 taxa (Table 3). 
An EPT index of 7 was calculated for this station, and the NCBI value of 6.51 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 3 taxa and 
contributed 5% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 46% of the collection. The dominant taxon was Simulium 
confusum, contributing 15% of the specimens collected (Table 5). 
 
The sampling effort at Station LR yielded 215 specimens representing 32 taxa (Table 3). An 
EPT index of 12 was calculated for this station, and the NCBI value of 6.87 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and 
contributed 6% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 71% of the collection. The dominant taxon was Caecidotea sp., 
contributing 29% of the specimens collected (Table 5). 
 
The sampling effort at Station OB yielded 271 specimens representing 32 taxa (Table 3). An 
EPT index of 12 was calculated for this station, and the NCBI value of 6.70 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and 
contributed 4% of the specimens collected. The dominant functional feeding group was the 
collector-filterers, which contributed 40% of the collection. The dominant taxon was 
Hydropsyche mississipiensis, contributing 20% of the specimens collected (Table 5). 
 
The sampling effort at Station ZO yielded 168 specimens representing 32 taxa (Table 3). An 
EPT index of 10 was calculated for this station, and the NCBI value of 6.49 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by a 3 taxa and 
contributed 4% of the specimens collected.  The dominant functional feeding group was the 
scrapers, which contributed 40% of the collection.  The dominant taxon was Maccaffertium 
modestum, contributing 10% of the specimens collected (Table 5). 
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Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 
0.05) in taxa richness, total abundance, or in percentage of the dominant taxon as a function 
of distance from the hydroelectric dam(Table 9). EPT indices and EPT abundance increased 
significantly as a function of distance from the hydroelectric dam (Table 9, Figure 3). NCBI 
values decreased significantly as a function of distance from the hydroelectric dam (Table 9, 
Figure 3). 
 
3. Comparison of Rapid Bioassessment Samples from July and September 
Results of two-factor ANOVAs without replication to detect differences in taxa richness, 
total abundance, EPT index values, EPT abundance, NCBI values, and percent dominant 
taxon between samples collected on 25 and 30 July 2007 and 19 September 2007 are 
presented in Tables 11-16. Plots of the data are given in Figure 4. None of the metrics 
showed significant differences between the two months.  
 
4.  Hester Dendy Samples 
A total of 1784 specimens representing 57 taxa were collected from the six Hester Dendy 
stations. Three replicates were collected at each station, except Stations MR and OB, which 
only had two replicates retrieved at each. The number of specimens collected, their NCBI 
tolerance values, and functional feeding groups are presented in Table 17 for each sample. 
Bioassessment metrics for each sample are presented in Table 18. 
 
The bioassesment metrics indicated several differences between the stations. All replicates 
at Stations TR SPW, MR, and LR had “poor” NCBI water quality conditions. Station OB 
had a replicate with a “fair” NCBI rating and a replicate with a “good-fair” rating. All 
replicates at Station ZO had ratings of “fair”. Stations TR, SPW, MR, LR, and ZO were 
dominated by scrapers. TR had a single replicate dominated by collector-gatherers, SPW a 
single replicate dominated by omnivores, and ZO a single replicate dominated by collector-
gatherers. Station OB was dominated by collector-filterers. 
 
Regression analysis of the Hester Dendy samples showed significant increases (alpha ≤ 
0.05) in taxa richness with increasing distance from the hydroelectric dam (Table 19, Figure 
5). NCBI values and percentage of the dominant taxon both decreased significantly as 
distance from the hydroelectric dam increased (Table 19, Figure 5). Total abundance, EPT 
indices, and EPT abundance showed no significant difference with increasing distance from 
the hydroelectric dam. 
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VI. DISCUSSION 
Regression analysis of the Hester Dendy data showed biotic conditions improved 
significantly as distance from the dam increased. This result was expected, as studies have 
demonstrated that rapid fluctuations in current velocity and water level (associated with the 
operation of hydroelectric dams) results in reduced diversity, by decreasing habitat and/or 
survival of habitat-specific taxa (Death, 1995; Death and Winterbourn, 1995; Ward and 
Stanford, 1995; Valentin et al., 1995). As distance from the dam increases, the fluctuations 
in current velocity and water level are smaller and slower, resulting in improved biotic 
conditions. 
 
For the rapid bioassessment data, regression analysis showed no detectable trends in taxa 
richness, total abundance, or in percentage of the dominant taxon as a function of distance 
from the hydroelectric dam in July or in September. In addition, none of the metrics showed 
a significant difference when compared between the July sample and the September sample. 
The July samples did show a significant increase in the EPT indices as distance from the 
dam increased. The September samples showed a significant increase in EPT index and EPT 
abundance values as distance from the dam increased. The September samples also showed 
a significant decrease in NCBI values as distance from the dam increased. This supports the 
conclusion that as the distance from the dam increases, fluctuations in current velocity and 
water levels decrease and biotic conditions are improved. 
 
Comparing the two methods, the Hester Dendy method detected trends among stations that 
were not statistically significant for the rapid bioassessment data. This may be due to the 
high sampling variability of rapid bioassessment samples. There is greater variability in the 
rapid bioassessment data because this method only samples the river margins, where habitat 
is less stable due to river level fluctuations. The Hester Dendy samplers provide a more 
stable habitat, and lower variability in the samples enables the detection of trends in the 
macroinvertebrate community. 
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Table 3. Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six 
lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) 
operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007. 


 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
Annelida                             
 Hirudinea                             
  Rhynchobdellida                             
   Glossiphoniidae                             


1 Helobdella triserialis 9.20 P   1           0.00         
 Oligochaeta                             
  Haplotaxida                             
   Lumbricidae                             


2 Lumbricidae Genus species   SC 5           0.02           
  Lumbriculida                             
   Lumbriculidae                             


3 Lumbriculidae Genus species 7.03 SC 3 2         0.01 0.01         
  Tubificida                             
   Tubificidae                             


4 Tubifex tubifex 10.00 SC 15 18 11 16 3 6 0.07 0.06 0.06 0.07 0.02 0.03
Arthropoda                             
 Arachnoidea                             
  Acariformes                             
   Hydrachnidae                             


5 Hydrachna sp. 5.53 P 7 14   2 1 4 0.03 0.04   0.01 0.01 0.02
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
 Crustacea                             
  Amphipoda                             
   Gammaridae                             


6 Gammarus sp. 9.10 OM 35 46 4 6   15 0.16 0.14 0.02 0.03   0.08
Talitridae                             


7 Hyalella azteca 7.75 OM 9 13 1 1 5 8 0.04 0.04 0.01 0.00 0.03 0.04
  Cladocera                             
   Daphnidae                             


8 Daphnia sp.   CF   12       1   0.04       0.01
  Decapoda                             
   Cambaridae                             


9 Cambaridae Genus species   OM     1 1 3       0.01 0.00 0.02   
   Palaemonidae                             


10 Palaemonetes sp. 7.10 OM   3       1   0.01       0.01
  Isopoda                             
   Asellidae                             


11 Caecidotea sp. 9.11 SC 38 18 34 39 4 7 0.18 0.06 0.19 0.18 0.02 0.04
 Hexapoda                             
  Coleoptera                             
   Dytiscidae                             


12 Neoporus sp.   P     1     1     0.01     0.01
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Elmidae                             


13 Dubiraphia quadrinotata 5.93 CG     1           0.01       
   Haliplidae                             


14 Haliplus fasciatus 8.71 SH   8           0.02         
15 Peltodytes sexmaculatus 8.73 SH     1     2     0.01     0.01


  Diptera                             
   Ceratopogonidae                             


16 Bezzia/Palpomyia sp. 6.86 P   3           0.01         
   Chironomidae                             


17 Ablabesmyia mallochi 7.19 P 1         2 0.00         0.01
18 Ablabesmyia peleensis 9.67 P 2         1 0.01         0.01
19 Chironomus sp. 9.63 CG   1     1     0.00     0.01   
20 Clinotanypus sp.   P   1           0.00         
21 Cryptochironomus sp. 6.40 P     3     1     0.02     0.01
22 Dicrotendipes sp. 8.10 CG 44 31 3 1 2 5 0.21 0.10 0.02 0.00 0.01 0.03
23 Orthocladius sp. 5.94 SH 1   3     3 0.00   0.02     0.02


24 
Paralauterborniella 
nigrohalterale 4.77 CG     1           0.01       


25 Phaenopsectra obediens gr. 6.50 SC           5           0.03
26 Polypedilum flavum 5.78 SH   2           0.01         
27 Polypedilum illinoense gr. 9.00 SH 1 4       4 0.00 0.01       0.02


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Chironomidae cont.                             


28 Procladius sp. 9.10 P 2 1       2 0.01 0.00       0.01
29 Rheocricotopus robacki 7.28 CG       2 2         0.01 0.01   
30 Rheotanytarsus exiguus gr. 5.89 CF 1       2 1 0.00       0.01 0.01
31 Tanytarsus sp. 6.76 CF   2       2   0.01       0.01
32 Thienemanniella xena 5.86 CG           1           0.01
33 Thienemannimyia gr. 8.42 P       1 1 1       0.00 0.01 0.01


   Simuliidae                             
34 Simulium confusum 4.00 CF       7 19 8       0.03 0.10 0.04
35 Simulium tribulatum/venustrum 4.00 CF     20 32 7 1     0.11 0.15 0.04 0.01


   Tipulidae                             
36 Tipula sp. 7.33 SH         2           0.01   


  Ephemeroptera                             
   Baetidae                             


37 Baetis intercalaris 4.99 CG     4 13 25 12     0.02 0.06 0.13 0.06
38 Heterocloeon sp. 3.48 SC     17 12 12 4     0.09 0.06 0.06 0.02
39 Procloeon sp. 5.00 OM   7           0.02         
40 Pseudocloeon propinquum 5.77 CG     13 8 12 8     0.07 0.04 0.06 0.04


   Caenidae                             
41 Caenis sp. 7.41 CG 1 6         0.00 0.02         


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Heptageniidae                             


42 Maccaffertium modestum 5.50 SC       5 12         0.02 0.06   
43 Stenacron interpunctatum 6.87 SC   25 2 2 1 2   0.08 0.01 0.01 0.01 0.01


  Heteroptera                             
   Corixidae                             


44 Trichocorixa sp. 9.00 P   8       2   0.02       0.01
   Veliidae                             


45 Microvelia sp.   P   1       1   0.00       0.01
  Odonata                             
   Aeshnidae                             


46 Boyeria vinosa 5.89 P   2 2     1   0.01 0.01     0.01
   Coenagrionidae                             


47 Enallagma sp. 8.91 P 2 40       4 0.01 0.12       0.02
48 Ischnura posita 9.52 P   2 1 1       0.01 0.01 0.00     
49 Ischnura sp. 9.52 P   4           0.01         


   Gomphidae                             
50 Aphylla williamsoni   P   1           0.00         


   Libellulidae                             
51 Neurocordulia sp. 5.03 P   6           0.02         


  Trichoptera                             
   Brachycentridae                             


52 Micrasema wataga 2.63 SH     6 3         0.03 0.01     
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Hydropsychidae                             


53 Cheumatopsyche sp. 6.22 CF     9 15 4 21     0.05 0.07 0.02 0.11
54 Hydropsyche betteni 7.78 CF     2 2 22 1     0.01 0.01 0.11 0.01
55 Hydropsyche venularis 4.96 CF     4 1 11 1     0.02 0.00 0.06 0.01


   Hydroptilidae                             
56 Hydroptila sp. 6.22 SC 9   3 10     0.04   0.02 0.05     


   Lepidostomatidae                             
57 Lepidostoma sp. 0.90 SH         4           0.02   


   Leptoceridae                             
58 Mystacides sepulchralis 2.69 CG           1           0.01
59 Oecetis sp. 4.70 P 1   1   1   0.00   0.01   0.01   
60 Triaenodes ignitus 4.58 SH           1           0.01
61 Triaenodes injustus 2.47 SH   14           0.04         


   Polycentropodidae                             
62 Phylocentropus carolinus 6.20 CF 1           0.00           
63 Phylocentropus placidus 6.20 CF       1           0.00     


Mollusca                             
 Bivalvia                             
  Unionoida                             
   Corbiculidae                             


64 Corbicula fluminea 6.12 CF     1 2         0.01 0.01     
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Sphaeriidae                             


65 Sphaeriidae Genus species   CF   2           0.01         
 Gastropoda                             
  Limnophila                             
   Physidae                             


66 Physa sp. 8.84 SC 15 8 16 22 17 9 0.07 0.02 0.09 0.10 0.09 0.05
   Planorbidae                             


67 Helisoma anceps 6.23 SC 15 14 13 9 6 4 0.07 0.04 0.07 0.04 0.03 0.02
  Mesogastropoda                             
   Viviparidae                             


68 Campeloma decisum   SC           26           0.14
Platyhelminthes                             
 Turbellaria                             
  Tricladida                             
   Planariidae                             


69 Dugesia tigrina 7.23 OM 6 3 2   13 5 0.03 0.01 0.01   0.07 0.03
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 4. Bioassessment metrics for the six lower Saluda River rapid bioassessment stations 
downstream from the Saluda Hydroelectric Project (Lake Murray) operated by 
SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 
and 30 July 2007. 


 
  Station 
Metric TR SPW MR LR OB ZO 
       
Taxa Richness 22 34 29 26 26 40 
Number of Specimens 214 323 180 214 192 185 
EPT Index 4 4 10 11 10 9 
EPT Abundance 12 52 61 72 104 51 
Chironomidae Taxa 7 7 4 3 5 12 
Chironomidae Abundance 52 42 10 4 8 28 
EPT/Chironomidae Abundance 0.23 1.24 6.10 18.00 13.00 1.82 
North Carolina Biotic Index 8.11 7.48 6.60 6.48 6.02 6.92 
SCDHEC Bioclassification 1.0 1.5 2.5 2.5 2.8 1.5 
             
Percent Collector-Filterers 0.93 4.95 20.00 28.04 33.85 19.46 
Percent Collector-Gatherers 21.03 11.76 12.22 11.21 21.88 14.59 
Percent Omnivores 23.36 22.29 4.44 3.74 10.94 15.68 
Percent Predators 7.01 26.01 4.44 1.87 1.56 10.81 
Percent Scrapers 46.73 26.32 53.33 53.74 28.65 34.05 
Percent Shredders 0.93 8.67 5.56 1.40 3.13 5.41 
             
Scraper/Scraper & Collector-Filterers 50.00 5.31 2.67 1.92 0.85 1.75 
Shredders/Total 0.01 0.09 0.06 0.01 0.03 0.05 
             
Percent Dominant Taxon 20.56 14.24 18.89 18.22 13.02 14.05 
Number Of Dominant Taxa 6 6 8 7 9 4 
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Table 5. Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the 
Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, 
South Carolina, 25 and 30 July 2007. 


 
Sta. TR    Sta. SPW    Sta. MR   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Dicrotendipes sp. 44 20.56  Gammarus sp. 46 14.24  Caecidotea sp. 34 18.89 


Caecidotea sp. 38 17.76  Enallagma sp. 40 12.38  
Simulium 
tribulatum/venustrum 20 11.11 


Gammarus sp. 35 16.36  Dicrotendipes sp. 31 9.60  Heterocloeon sp. 17 9.44 


Helisoma anceps 15 7.01 
Stenacron 
interpunctatum 25 7.74 Physa sp. 16 8.89 


Physa sp. 15 7.01 Caecidotea sp. 18 5.57 Helisoma anceps 13 7.22 
Tubifex tubifex 15 7.01 Tubifex tubifex 18 5.57 Pseudocloeon propinquum 13 7.22 
      Tubifex tubifex 11 6.11 
      Cheumatopsyche sp. 9 5.00 


   
 
 


Pseudocloeon 
propinquum 12 6.25 


 
    


    Hydropsyche venularis 11 5.73     
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Table 5  Continued. 
 
Sta. LR    Sta. OB    Sta. ZO   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Caecidotea sp. 39 18.22  Baetis intercalaris 25 13.02  Campeloma decisum 26 14.05 


Simulium 
tribulatum/venustrum 32 14.95  Hydropsyche betteni 22 11.46  Cheumatopsyche sp. 21 11.35 
Physa sp. 22 10.28  Simulium confusum 19 9.90  Gammarus sp. 15 8.11 
Tubifex tubifex 16 7.48  Physa sp. 17 8.85  Baetis intercalaris 12 6.49 
Cheumatopsyche sp. 15 7.01  Dugesia tigrina 13 6.77     
Baetis intercalaris 13 6.07 Heterocloeon sp. 12 6.25    


Heterocloeon sp. 12 5.61 
Maccaffertium 
modestum 12 6.25    


   
 
 


Pseudocloeon 
propinquum 12 6.25 


 
    


    Hydropsyche venularis 11 5.73     
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Table 6. Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, 
and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower 
Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA 
ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007. 


 
RBP July 2007:  taxa richness regressed on station   RBP July 2007:  EPT abundance regressed on station  


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.00420 0.46463 0.53289  Regression 1 0.21837 3.30676 0.14313 
Residual 4 0.03618    Residual 4 0.26415   
Total 5 0.04039      Total 5 0.48252     
           


RBP July 2007:  total abundance regressed on station   RBP July 2007:  NCBI value regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.01571 2.26430 0.20683  Regression 1 0.00515 6.62400 0.06174 
Residual 4 0.02775    Residual 4 0.00311   
Total 5 0.04346      Total 5 0.00825     
           


RBP July 2007:  EPT index regressed on station   RBP July 2007:  percentage of the dominant taxon regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.11577 10.79712 0.03033  Regression 1 0.00702 1.22523 0.33042 
Residual 4 0.04289    Residual 4 0.02291   
Total 5 0.15865    Total 5 0.02992     
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Figure 2.  Plot comparing NCBI data from rapid bioassessment samples collected from 
the lower Saluda River, downstream of the Saluda Hydroelectric Project 
(Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, collected 11 October 2006. 
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Table 7. Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six 
lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) 
operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007. 


 
        No. of Individuals Relative Abundance 


Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
Annelida                             
 Hirudinea                             
  Rhynchobdellida                             
   Glossiphoniidae                             


1 Helobdella triserialis 9.20 P   2       1   0.01       0.01
 Oligochaeta                             
  Haplotaxida                             
   Lumbricidae                             


2 Lumbricidae Genus species   SC 2       1   0.01       0.00   
  Lumbriculida                             
   Lumbriculidae                             


3 Lumbriculidae Genus species 7.03 SC 4   2 1 1 1 0.02   0.01 0.00 0.00 0.01
  Tubificida                             
   Tubificidae                             


4 Tubifex tubifex 10.00 SC 4 5 6 2 4 1 0.02 0.02 0.03 0.01 0.01 0.01
Arthropoda                             
 Arachnoidea                             
  Acariformes                             
   Hydrachnidae                             


5 Hydrachna sp. 5.53 P 3 2 1 2     0.01 0.01 0.00 0.01     
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
 Crustacea                             
  Amphipoda                             
   Gammaridae                             


6 Gammarus sp. 9.10 OM 38 34 28 8 12 16 0.18 0.14 0.14 0.04 0.04 0.10
   Talitridae                             


7 Hyalella azteca 7.75 OM 7 23   10 2 3 0.03 0.10   0.05 0.01 0.02
  Cladocera                             
   Daphnidae                             


8 Daphnia sp.   CF           2           0.01
  Cyclopoida                             
   Cyclopidae                             


9 Eucyclops agilis   OM     1           0.00       
  Decapoda                             
   Cambaridae                             


10 Cambaridae Genus species   OM     1 1 3       0.00 0.00 0.01   
   Palaemonidae                             


11 Palaemonetes sp. 7.10 OM 1           0.00           
  Isopoda                             
   Asellidae                             


12 Caecidotea sp. 9.11 SC 19 32 22 63 9 5 0.09 0.14 0.11 0.29 0.03 0.03
  Ostracoda                             


13 Ostracoda Genus species   CF 1           0.00           
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
  Hexapoda                             
  Coleoptera                             
   Dytiscidae                             


14 Neoporus sp.   P     6           0.03       
   Elmidae                             


15 Ancyronyx variegatus 6.49 CG       1           0.00     
   Haliplidae                             


16 Haliplus fasciatus 8.71 SH 1           0.00           
17 Peltodytes sexmaculatus 8.73 SH 1     1 2 2 0.00     0.00 0.01 0.01


   Hydrophilidae                             
18 Tropisternus collaris 9.68 CG         3           0.01   


  Diptera                             
   Ceratopogonidae                             


19 Bezzia/Palpomyia sp. 6.86 P   2           0.01         
   Chironomidae                             


20 Ablabesmyia mallochi 7.19 P       3           0.01     
21 Ablabesmyia peleensis 9.67 P 1 1         0.00 0.00         
22 Cricotopus sp. 5.29 SH       1           0.00     
23 Dicrotendipes sp. 8.10 CG 9 14 5 7 4 3 0.04 0.06 0.02 0.03 0.01 0.02
24 Orthocladius sp. 5.94 SH   3 5   5 2   0.01 0.02   0.02 0.01
25 Phaenopsectra obediens gr. 6.50 SC   8           0.03         
26 Polypedilum illinoense gr. 9.00 SH 1 1   1 1   0.00 0.00   0.00 0.00   


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Chironomidae cont.                             


27 Procladius sp. 9.10 P   1       1   0.00       0.01
28 Rheocricotopus robacki 7.28 CG         1           0.00   
29 Tanytarsus sp. 6.76 CF   2           0.01         
30 Xylotopus par 5.99 CG     1           0.00       


   Simuliidae                             
31 Simulium confusum 4.00 CF     31 1 8 4     0.15 0.00 0.03 0.02
32 Simulium tribulatum/venustrum 4.00 CF 1   7   3 1 0.00   0.03   0.01 0.01


   Tipulidae                             
33 Tipula sp. 7.33 SH     2           0.01       


  Ephemeroptera                             
   Baetidae                             


34 Baetis intercalaris 4.99 CG     4   46 12     0.02   0.17 0.07
35 Heterocloeon sp. 3.48 SC   7 24 36 7 2   0.03 0.12 0.17 0.03 0.01
36 Procloeon sp. 5.00 OM   3           0.01         
37 Pseudocloeon propinquum 5.77 CG 1   9 7 7   0.00   0.04 0.03 0.03   


   Caenidae                             
38 Caenis sp. 7.41 CG 1           0.00           


   Heptageniidae                             
39 Maccaffertium modestum 5.50 SC     5 5 6 17     0.02 0.02 0.02 0.10
40 Stenacron interpunctatum 6.87 SC   2 2 9 2 1   0.01 0.01 0.04 0.01 0.01
41 Stenonema femoratum 7.18 SC   4   1 3     0.02   0.00 0.01   


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
  Heteroptera                             
   Corixidae                             


42 Trichocorixa sp. 9.00 P   7       4   0.03       0.02
   Gerridae                             


43 Aquarius conformis   P     1           0.00       
   Veliidae                             


44 Microvelia sp.   P 4           0.02           
  Odonata                             
   Aeshnidae                             


45 Anax longipes   P   3           0.01         
46 Boyeria vinosa 5.89 P   4 1     1   0.02 0.00     0.01


   Calopterygidae                             
47 Calopteryx sp. 7.78 P     1           0.00       


   Coenagrionidae                             
48 Argia bipunctulata 8.17 P   4           0.02         
49 Enallagma sp. 8.91 P 67 44   2     0.32 0.19   0.01     
50 Ischnura posita 9.52 P 1 2         0.00 0.01         


   Libellulidae                             
51 Neurocordulia sp. 5.03 P 1 2       4 0.00 0.01       0.02


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
  Trichoptera                             
   Hydropsychidae                             


52 Cheumatopsyche sp. 6.22 CF       6 9 2       0.03 0.03 0.01
53 Hydropsyche betteni 7.78 CF   5 2 2 22 5   0.02 0.01 0.01 0.08 0.03
54 Hydropsyche mississippiensis   CF         55 12         0.20 0.07
55 Hydropsyche venularis 4.96 CF   1   2 10 16   0.00   0.01 0.04 0.10


   Hydroptilidae                             
56 Hydroptila sp. 6.22 SC 1   3 4 2 3 0.00   0.01 0.02 0.01 0.02


   Lepidostomatidae                             
57 Lepidostoma sp. 0.90 SH         3 2         0.01 0.01


   Leptoceridae                             
58 Mystacides sepulchralis 2.69 CG       1           0.00     


   Polycentropodidae                             
59 Neureclipsis crepuscularis 4.19 CF       1           0.00     


   Psychomyiidae                             
60 Lype diversa 4.05 SC       1           0.00     


Mollusca                             
 Bivalvia                             
  Unionoida                             
   Corbiculidae                             


61 Corbicula fluminea 6.12 CF       2 1         0.01 0.00   
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Sphaeriidae                             


62 Sphaeriidae Genus species   CF   1           0.00         
 Gastropoda                             
  Limnophila                             
   Ancylidae                             


63 Ferrissia sp. 6.55 SC 1           0.00           
   Physidae                             


64 Physa sp. 8.84 SC 29 8 6 21 22 2 0.14 0.03 0.03 0.10 0.08 0.01
   Planorbidae                             


65 Gyraulus parvus 4.23 SC       4   1       0.02   0.01
66 Helisoma anceps 6.23 SC 7 8 22 5 12 10 0.03 0.03 0.11 0.02 0.04 0.06


  Mesogastropoda                             
   Hydrobiidae                             


67 Somatogyrus virginicus 6.37 SC         3 8         0.01 0.05
   Viviparidae                             


68 Campeloma decisum   SC           16           0.10
Platyhelminthes                             
 Turbellaria                             
  Tricladida                             
   Planariidae                             


69 Dugesia tigrina 7.23 OM 2 2 3 4 2 8 0.01 0.01 0.01 0.02 0.01 0.05
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 8. Bioassessment metrics for the six lower Saluda River rapid bioassessment stations 
downstream from the Saluda Hydroelectric Project (Lake Murray) operated by 
SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 
September 2007. 


 
  Station 
Metric TR SPW MR LR OB ZO 
       
Taxa Richness 26 31 27 32 32 32 
Number of Specimens 208 237 201 215 271 168 
EPT Index 3 6 7 12 12 10 
EPT Abundance 3 22 49 75 172 72 
Chironomidae Taxa 3 7 3 4 4 3 
Chironomidae Abundance 11 30 11 12 11 6 
EPT/Chironomidae Abundance 0.27 0.73 4.45 6.25 15.64 12.00 
North Carolina Biotic Index 8.29 7.87 6.51 6.87 6.70 6.49 
SCDHEC Bioclassification 1.0 1.2 2.3 2.0 2.3 1.5 
             
Percent Collector-Filterers 0.96 3.80 19.90 6.51 39.85 25.00 
Percent Collector-Gatherers 5.29 5.91 9.45 7.44 22.51 8.93 
Percent Omnivores 23.08 26.16 16.42 10.70 7.01 16.07 
Percent Predators 37.02 31.22 4.98 3.26 0.00 6.55 
Percent Scrapers 32.21 31.22 45.77 70.70 26.57 39.88 
Percent Shredders 1.44 1.69 3.48 1.40 4.06 3.57 
             
Scraper/Scraper & Collector-Filterers 33.50 8.22 2.30 10.86 0.67 1.60 
Shredders/Total 0.01 0.02 0.03 0.01 0.04 0.04 
             
Percent Dominant Taxon 32.21 18.57 15.42 29.30 20.30 10.12 
Number Of Dominant Taxa 4 5 5 3 4 7 
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Table 9. Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the 
Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, 
South Carolina, 19 September 2007. 


 
Sta. TR    Sta. SPW    Sta. MR   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Enallagma sp. 67 32.21  Enallagma sp. 44 18.57  Simulium confusum 31 15.42 
Gammarus sp. 38 18.27  Gammarus sp. 34 14.35  Gammarus sp. 28 13.93 
Physa sp. 29 13.94  Caecidotea sp. 32 13.50  Heterocloeon sp. 24 11.94 
Caecidotea sp. 19 9.13 Hyalella azteca 23 9.70 Caecidotea sp. 22 10.95 
   


 
 Dicrotendipes sp. 14 5.91 


 
 Helisoma anceps 22 10.95 


           
Sta. LR    Sta. OB    Sta. ZO   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Caecidotea sp. 63 29.30  Hydropsyche 


i i i i i
55 20.30  Maccaffertium modestum 17 10.12 


Heterocloeon sp. 36 16.74  Baetis intercalaris 46 16.97  Campeloma decisum 16 9.52 
Physa sp. 21 9.77  Hydropsyche betteni 22 8.12  Gammarus sp. 16 9.52 
    Physa sp. 22 8.12  Hydropsyche venularis 16 9.52 
        Baetis intercalaris 12 7.14 
      Hydropsyche mississippiensis 12 7.14 
   


 
    


 
 Helisoma anceps 10 5.95 
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Table 10. Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, 
and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower 
Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA 
ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007. 


 
RBP September 2007:  taxa richness regressed on station   RBP September 2007:  EPT abundance regressed on station  


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.00388 3.82791 0.12204  Regression 1 1.18591 10.99311 0.02950 
Residual 4 0.00406    Residual 4 0.43151   
Total 5 0.00794      Total 5 1.61741     
           


RBP September 2007:  total abundance regressed on station   RBP September 2007:  NCBI value regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.00050 0.08473 0.78546  Regression 1 0.00567 9.83703 0.03497 
Residual 4 0.02369    Residual 4 0.00231   
Total 5 0.02420      Total 5 0.00797     
           


RBP September 2007:  EPT index regressed on station   RBP September 2007:  percentage of the dominant taxon regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.15729 16.55596 0.01524  Regression 1 0.02726 0.86567 0.40483 
Residual 4 0.03800    Residual 4 0.12594   
Total 5 0.19530      Total 5 0.15320     
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Figure 3. Plot comparing EPT indices from rapid bioassessment samples collected from 
the lower Saluda River, downstream of the Saluda Hydroelectric Project 
(Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, collected 19 September 2007. 
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Figure 3. Continued. 
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Table 11. Results of the two-factor ANOVA without replication to detect differences in 
taxa richness between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for Taxa Richness 


Source of Variation SS df MS F P-value F crit 
Station 0.03320 5 0.00664 2.19517 0.20423 5.05033 
Month 0.00054 1 0.00054 0.17978 0.68919 6.60789 
Error 0.01513 5 0.00303    
Total 0.04887 11     


 
Table 12. Results of the two-factor ANOVA without replication to detect differences in 


total abundance between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for Total Abundance 


Source of Variation SS df MS F P-value F crit 
Station 0.04551 5 0.00910 2.05498 0.22403 5.05033 
Month 0.00001 1 0.00001 0.00220 0.96441 6.60789 
Error 0.02215 5 0.00443    
Total 0.06767 11         


 
Table 13. Results of the two-factor ANOVA without replication to detect differences in 


EPT index values between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for EPT Index values 


Source of Variation SS df MS F P-value F crit 
Station 0.32522 5 0.06504 11.31868 0.00933 5.05033 
Month 0.00030 1 0.00030 0.05155 0.82938 6.60789 
Error 0.02873 5 0.00575    
Total 0.35425 11         


 
Table 14. Results of the two-factor ANOVA without replication to detect differences in 


EPT Abundance between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for EPT Abundance 


Source of Variation SS df MS F P-value F crit 
Station 1.89295 5 0.37859 9.14559 0.01485 5.05033 
Month 0.02863 1 0.02863 0.69172 0.44347 6.60789 
Error 0.20698 5 0.04140    
Total 2.12857 11     
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Table 15. Results of the two-factor ANOVA without replication to detect differences in 
NCBI between samples collected on 25 and 30 July 2007 and 19 September 
2007. 


 
ANOVA for NCBI 


Source of Variation SS df MS F P-value F crit 
Station 0.01495 5 0.00299 11.72379 0.00863 5.05033 
Month 0.00031 1 0.00031 1.20907 0.32162 6.60789 
Error 0.00128 5 0.00026    
Total 0.01654 11     


 
Table 16. Results of the two-factor ANOVA without replication to detect differences in 


percent dominant taxon between samples collected on 25 and 30 July 2007 and 
19 September 2007. 


 
ANOVA for Percent Dominant Taxon 


Source of Variation SS df MS F P-value F crit 
Station 0.12919 5 0.02584 2.39509 0.17989 5.05033 
Month 0.01770 1 0.01770 1.64065 0.25643 6.60789 
Error 0.05394 5 0.01079    
Total 0.20082 11     
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Figure 4. Plots comparing data from rapid bioassessment samples collected on 25 and 
30 July 2007 and 19 September 2007 from the lower Saluda River, 
downstream of the Saluda Hydroelectric Project (Lake Murray) operated by 
SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South 
Carolina. 
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Figure 4. Continued. 
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Figure 4. Continued. 
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Table 17. Macroinvertebrates, their NCBI tolerance values (TV) and functional feeding groups (FG) for the six lower Saluda River 
Hester Dendy stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA 
ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007 


 
        No. of Individuals 


Seq Taxon TV FG T
R


1 


T
R


2 
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R


3 
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O
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O
B


2 


Z
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Z
O


2 


Z
O
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Annelida                                     
 Hirudinea                                     
  Rhynchobdellida                                     
   Glossiphoniidae                                     


1 Helobdella triserialis 9.20 P               1 3   1           
   Piscicolidae                                     


2 Myzobdella sp.   P       2                         
 Oligochaeta                                     
  Lumbriculida                                     
   Lumbriculidae                                     


3 Lumbriculidae Genus species 7.03 SC   1 2 5   1 1 3                 
  Tubificida                                     
   Naididae                                     


4 Dero sp. 9.00 SC                             1   
   Tubificidae                                     


5 Tubifex tubifex 10.00 SC 1 3 3       2 1   2 4 4 3   1 1 
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 


Seq Taxon TV FG T
R


1 
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Arthropoda                                     
 Crustacea                                     
  Amphipoda                                     
   Gammaridae                                     


6 Gammarus sp. 9.10 OM 19 10 13 26 6 12 46 21 4 13 7 2   3 2 1 
   Talitridae                                     


7 Hyalella azteca 7.75 OM 18 3 1 80 5 31 7 10 23 21 16 1   6 2 2 
  Decapoda                                     
   Cambaridae                                     


8 Cambaridae Genus species   OM         1                       
  Isopoda                                     
   Asellidae                                     


9 Caecidotea sp. 9.11 SC 64 23 18 90 40 167 73 50 32 40 33 17   3 3 10 
 Ostracoda                                     


10 Ostracoda Genus species   CF           3                 1   
 Hexapoda                                     
  Coleoptera                                     
   Elmidae                                     


11 Ancyronyx variegatus 6.49 CG                   2 7     1 1 1 
12 Dubiraphia quadrinotata 5.93 CG                           51 8 9 


Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 


Seq Taxon TV FG T
R


1 
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   Elmidae cont.                                     
13 Dubiraphia sp. 5.93 CG                 1         1 2 1 
14 Macronychus glabratus 4.58 CG                 1   3 2 2     2 
15 Stenelmis sp. 5.10 SC                             1   


   Hydrochidae                                     
16 Hydrochus sp. 6.55 SH                       1         


  Diptera                                     
   Chironomidae                                     


17 Ablabesmyia mallochi 7.19 P               2 3 1 2           
18 Corynoneura sp. 6.01 CG     1       4           1       
19 Dicrotendipes sp. 8.10 CG 5 65 38 4 4 18 7 3   1   1         
20 Nanocladius sp. 7.07 CG           1 1                   
21 Orthocladius sp. 5.94 SH   1         3         6 5       
22 Parachironomus sp. 9.42 P                     1           
23 Phaenopsectra obediens gr. 6.50 SC         2                       
24 Phaenopsectra punctipes gr. 6.50 SC                 1               
25 Polypedilum fallax gr. 6.39 SH               1                 
26 Polypedilum flavum 5.78 SH                         1       
27 Polypedilum illinoense gr. 9.00 SH             1     1 1           
28 Rheocricotopus robacki 7.28 CG 1 1           1   1             


Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 


Seq Taxon TV FG T
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   Chironomidae cont.                                     
29 Rheotanytarsus exiguus gr. 5.89 CF                       4 2       
30 Thienemannimyia gr. 8.42 P                       2         
31 Xestochironomus sp.   P                     2   1       


   Tipulidae                                     
32 Antocha sp. 4.25 CG                       7 2       
33 Tipula sp. 7.33 SH                   1             


  Ephemeroptera                                     
   Baetidae                                     


34 Baetis sp. 4.71 CG               1         2       
   Heptageniidae                                     


35 Maccaffertium modestum 5.50 SC               3       2 4     1 
36 Stenacron interpunctatum 6.87 SC         2 1 3 1 7 3 6 4   1     


  Heteroptera                                     
   Veliidae                                     


37 Microvelia sp.   P             1   2     1         
  Odonata                                     
   Aeshnidae                                     


38 Boyeria vinosa 5.89 P                               1 
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 


Seq Taxon TV FG T
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   Coenagrionidae                                     
39 Argia bipunctulata 8.17 P                           1     
40 Enallagma sp. 8.91 P                           1     


  Trichoptera                                     
   Brachycentridae                                     


41 Micrasema sp.   SH             1 2         2       
   Hydropsychidae                                     


42 Cheumatopsyche sp. 6.22 CF     1       3 1     2 18 23   2   
43 Hydropsyche betteni 7.78 CF                       17 9       
44 Hydropsyche mississippiensis   CF                       17 5       
45 Hydropsyche venularis 4.96 CF                       34 39   1   


   Hydroptilidae                                     
46 Hydroptila sp. 6.22 SC 2 25 12   3 1 62 6 4 1 2 11 6 1 2   


   Leptoceridae                                     
47 Oecetis avara 4.70 P                   4 4     2 1   
48 Triaenodes sp. 4.46 SH               1         1       


   Polycentropodidae                                     
49 Cernotina sp.   P         1 1   1 2               
50 Phylocentropus placidus 6.20 CF                 6 1 5 2     2   


Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 
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Mollusca                                     
 Bivalvia                                     
  Unionoida                                     
   Corbiculidae                                     


51 Corbicula fluminea 6.12 CF       5       1     4     2 3 3 
 Gastropoda                                     
  Limnophila                                     
   Ancylidae                                     


52 Ferrissia sp. 6.55 SC       4   1 1 1           1     
   Physidae                                     


53 Physa sp. 8.84 SC     2       3 11 2 8 15 2   6 3 2 
   Planorbidae                                     


54 Gyraulus parvus 4.23 SC   1                       7 1   
55 Helisoma anceps 6.23 SC 3 7 3 4 5 1 1 1 2 2   1 1 1 3   


  Mesogastropoda                                     
   Hydrobiidae                                     


56 Somatogyrus virginicus 6.37 SC                           31 13 12 
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
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Platyhelminthes                                     
 Turbellaria                                     
  Tricladida                                     
   Planariidae                                     


57 Dugesia tigrina 7.23 OM                   2 1     4 5   
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 18. Bioassessment metrics for the six lower Saluda River Hester Dendy stations downstream from the Saluda Hydroelectric 
Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 
30 July 2007 to 19 September 2007. 


 
Metric TR1 TR2 TR3 SPW1 SPW2 SPW3 MR1 MR2 LR1 LR2 LR3 OB1 OB2 ZO1 ZO2 ZO3 
      
Taxa Richness 8 11 11 9 10 12 18 22 15 17 19 22 18 18 21 13 
Number of Specimens 113 140 94 220 69 238 220 123 93 104 116 156 109 123 58 46 
EPT Index 1 1 2 0 3 3 4 8 4 4 5 8 9 3 5 1 
EPT Abundance 2 25 13 0 6 3 69 16 19 9 19 105 91 4 8 1 
Chironomidae Taxa 2 3 2 1 2 2 5 4 2 4 4 4 5 0 0 0 
Chironomidae Abundance 6 67 39 4 6 19 16 7 4 4 6 13 10 0 0 0 
EPT/Chironomidae Abundance 0.33 0.37 0.33 0.00 1.00 0.16 4.31 2.29 4.75 2.25 3.17 8.08 9.10 - - - 
North Carolina Biotic Index 8.36 7.96 8.04 8.04 8.02 8.27 7.71 7.97 7.79 8.04 7.76 6.84 6.05 6.83 6.83 7.29 
SCDHEC Bioclassification 1.0 1.0 1.0 1.0 1.0 1.0 1.3 1.5 1.2 1.0 1.2 2.0 2.8 1.5 1.5 1.5 
      
Percent Collector-Filterers 0.00 0.00 1.06 2.27 0.00 0.00 1.36 1.63 6.45 0.96 9.48 58.97 71.56 1.63 13.79 6.52 
Percent Collector-Gatherers 5.31 47.14 41.49 1.82 5.80 9.24 5.45 4.07 2.15 3.85 8.62 6.41 6.42 43.09 20.69 28.26
Percent Omnivores 32.74 9.29 14.89 48.18 17.39 18.07 24.09 25.20 29.03 34.62 20.69 1.92 0.00 10.57 15.52 6.52 
Percent Predators 0.00 0.00 0.00 0.91 1.45 0.42 0.45 3.25 10.75 4.81 8.62 1.92 0.92 3.25 1.72 2.17 
Percent Scrapers 61.95 42.86 42.55 46.82 75.36 72.27 66.36 62.60 51.61 53.85 51.72 26.28 12.84 41.46 48.28 56.52
Percent Shredders 0.00 0.71 0.00 0.00 0.00 0.00 2.27 3.25 0.00 1.92 0.86 4.49 8.26 0.00 0.00 0.00 


Scraper/Scraper & Collector-Filterers - - 40.00 20.60 - - 48.67 38.50 8.00 56.00 5.45 0.45 0.18 25.50 3.50 8.67 
Shredders/Total 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.02 0.01 0.04 0.08 0.00 0.00 0.00 
      
Percent Dominant Taxon 56.64 46.43 40.43 40.91 57.97 70.17 33.18 40.65 34.41 38.46 28.45 21.79 35.78 41.46 22.41 26.09
Number Of Dominant Taxa 3 5 4 3 5 4 3 4 4 4 6 6 4 3 7 4 
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Table 19. Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, 
and percentage of the dominant taxon among sampling stations for the Hester Dendy data collected on the lower Saluda 
River, downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & 
GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007. 


 
Hester Dendy 2007: taxa richness regressed on station Hester Dendy 2007: EPT abundance regressed on station 


Source of Variation df SS F P-value Source of Variation df SS F P-value 


Regression 1 0.15502 19.10946 0.00064  Regression 1 0.37939 1.12929 0.30591 
Residual 14 0.11357    Residual 14 4.70337   
Total 15 0.26859    Total 15 5.08276     


           
Hester Dendy 2007: total abundance regressed on station  Hester Dendy 2007: NCBI value regressed on station 


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.09918 2.84034 0.11408  Regression 1 0.00963 16.65633 0.00112 
Residual 14 0.48885    Residual 14 0.00809   
Total 15 0.58803    Total 15 0.01772   


           
Hester Dendy 2007: EPT index regressed on station  Hester Dendy 2007: percentage of the dominant taxon regressed on station 


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.32324 5.50206 0.03425  Regression 1 0.16642 18.93456 0.00066 
Residual 14 0.82249    Residual 14 0.12305   
Total 15 1.14573      Total 15 0.28947     
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Figure 5. Plot comparing data from Hester Dendy samples collected from the lower 
Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) 
operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, 
South Carolina, retrieved 05 and 19 September 2007. 
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Figure 5. Continued. 
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Brandon Stutts ; Buddy Baker ; Dick Christie (dchristie@comporium.net); 
Jennifer Hand; Jim Glover; Milton Quattlebaum (mquattlebaum@scana.
com); Randy Mahan; Ron Ahle; Shane Boring; 

cc: Cheryl Balitz; Wade Bales (balesw@dnr.sc.gov); Alison Guth; Bill East; 
Bill Hulslander; Bill Marshall; Bob Seibels (bseibels@yahoo.com); 
Charlene Coleman; Daniel Tufford; Ed Diebold; George Duke; 
Gerrit Jobsis (American Rivers); Gina Kirkland; Hal Beard; Jeff Duncan; 
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Larry Turner (turnerle@dhec.sc.gov); Laura Boos (laura.mccary@gmail.
com); Malcolm Leaphart; Mike Sloan; Mike Waddell; Norman Ferris; 
Prescott Brownell; Reed Bull (rbull@davisfloyd.com); Robert Lavisky; 
Scott Harder; Steve Bell (lakewatchman@yahoo.com); Steve Leach; 
Steve Summer; Suzanne Rhodes; Tom Bowles (tbowles@scana.com); 

Subject: Saluda Hydro Relicense:  Final 2007-
2008 lake Murray Waterfowl Survey Report

Date: Tuesday, May 13, 2008 5:34:55 PM
Attachments: SREL Final Waterfowl Report 2007-08 _05132008_.pdf 

Dear Terrestrial Resources TWC Members: 
Attached for your records is the final report for the waterfowl surveys conducted by Savannah River 
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Executive Summary 
 
 As a part of the Federal Energy Regulatory Commission (FERC) relicensing process for the 
Saluda Hydroelectric Project (FERC No. P-516) by the South Carolina Electric & Gas Company 
(SCE&G), the South Carolina Department of Natural Resources (SCDNR) submitted a study request 
asking for an evaluation of wintering waterfowl usage at Lake Murray, South Carolina. Kleinschmidt 
Associates, a consulting firm specializing in engineering, regulatory management and environmental 
services, is coordinating the relicensing process for SCE&G. In early November 2006, the University of 
Georgia’s Savannah River Ecology Laboratory (SREL) of Aiken, South Carolina, entered into a sub-
consultant agreement with Kleinschmidt Associates to provide aerial survey data from multiple years 
describing waterfowl use of Lake Murray, which is located in Lexington, Richland, Saluda, and 
Newberry Counties.  
 
 In year one, six fixed-wing aerial surveys of the entire Lake Murray basin were conducted 
between 14 December, 2006 and 27 February, 2007, during which over 4,000 waterfowl were 
documented using the reservoir. Seven waterfowl species (includes American Coots [Fulica americana]) 
were identified using Lake Murray during the first-year surveys. The Mallard (Anas platyrhynchos) was 
the only dabbling duck species seen at Lake Murray and was the only species observed on every aerial 
survey, but their numbers never exceeded more than 211 individuals on any single survey. Canada Geese 
(Branta canadensis) were observed on five of six 2006–2007 aerial surveys, with a maximum of 144 
observed. Three diving duck species were observed at Lake Murray in 2006–2007, including the 
Bufflehead (Bucephala albeola), Ring-necked Duck (Aythya collaris), and Lesser Scaup (Aythya affinis). 
Lesser Scaup were the most numerous waterfowl seen on Lake Murray during the aerial surveys of 2006–
2007, with more than 500 observed on three occasions, and a maximum of 1,535 observed on 19 
February, 2007. Lesser Scaup were noted in the vicinity of Goat Island and Pine Island near the Saluda 
Dam on three surveys where they were observed to have churned-up the shallow waters, presumably as 
they were bottom feeding. 
 
 During year two of the study, six additional fixed-wing aerial surveys of the Lake Murray basin 
were conducted between 16 November, 2007 and 21 February, 2008. In this second year, aerial surveys 
documented only about 850 waterfowl using the reservoir, a decline of almost 80%. In 2007–2008, only 
four waterfowl species (includes American Coots) were identified using Lake Murray during the surveys. 
As in the previous year, the Mallard was the only dabbling duck species seen at Lake Murray, but their 
numbers never exceeded more than 104 individuals on any single survey. Mallards were observed on 
every aerial survey in 2007–2008. Canada Geese were also observed on all six 2007–2008 aerial surveys, 
with a maximum of 161 observed. The only diving duck species observed at Lake Murray in 2007–2008 
was the Lesser Scaup, but only 10 individuals were seen on a single occasion.  
 
 A declining trend in waterfowl use of the reservoir in recent years noted from SCDNR mid-
winter waterfowl surveys is likely attributed to several factors, including a multi-year partial drawdown 
and nuisance aquatic plant control activities that have undoubtedly affected invasive and native vegetation 
communities that wintering waterfowl depend on as food resources. Additionally, as is common to multi-
purpose reservoirs like Lake Murray, recreational boating by the general public that was noted during 
both winters may well be high enough to create disturbance to waterfowl and thereby also contribute to 
the limited use of the reservoir by these species. With what may be lower quantity and quality waterfowl 
food resources and observed levels of disturbance on the reservoir in winter, Lake Murray will likely 
function primarily as a temporary stopover location for migrating waterfowl. 
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Introduction 
 


 On 29 April, 2005 South Carolina Electric & Gas Company (SCE&G) filed a notice of 
intent with the Federal Energy Regulatory Commission (FERC) to seek a new license for the Saluda 
Hydroelectric Project (FERC No. P-516), which includes Lake Murray. The current license for the 206 
MW Saluda Hydroelectric plant, which is located near Columbia, SC, expires in 2010. Kleinschmidt 
Associates, a consulting firm specializing in engineering, regulatory management and environmental 
services, began coordinating the relicensing process for SCE&G. In addition to its notice of intent, 
SCE&G also submitted its initial consultation document to begin the official relicensing process. As a 
result of the review of documents associated with the filing by numerous state and federal resource 
agencies, the United States Fish and Wildlife Service (USFWS), South Carolina Department of Natural 
Resources (SCDNR), National Marine Fisheries Service (NMFS), and several Non-governmental 
Organizations (NGO’s) requested studies to determine the potential impact of Project operation on fish 
and wildlife resources, including the status of overwintering waterfowl on Lake Murray. In early 
November 2006, the University of Georgia’s Savannah River Ecology Laboratory (SREL) of Aiken, 
South Carolina, entered into a sub-consultant agreement with Kleinschmidt Associates to provide aerial 
survey data (6 flights/yr) describing waterfowl use of Lake Murray. 
 
 
Study Area 
 
 Lake Murray (Figure 1) is a 50,000-acre hydroelectric reservoir created in 1930 with the 
construction of an earthen dam in the Dreher Shoals area of the Saluda River. The lake basin drains some 
2,420 square miles in portions of Lexington, Richland, Saluda, and Newberry Counties of South Carolina.  
 
 The Saluda Hydro Project is typically used to meet SCE&G’s reserve capacity obligations. 
Seasonally, as the project is operated, Lake Murray undergoes drawdowns and refills. The minimum 
drawdown is usually to 350 feet MSL (November–December) and the maximum elevation is held to 358 
feet MSL (May–June; Figure 2). Spillway gates prevent the reservoir from rising above the 360-foot 
capacity level. Although originally developed for hydroelectric power production, damming of the natural 
watercourse of the Saluda River to create the reservoir also provided for recreational and real estate 
development, which have flourished because of the proximity to the state capital in Columbia. 
 
 
Aerial Surveys Methods 
 
 Kleinschmidt Associates provided for air services through Eagle Aviation Inc. (Columbia, SC), 
which supplied aircraft (Cessna 172) and a pilot for the six planned Lake Murray aerial bird surveys each 
year. Because of potential bias associated with multiple observers, all aerial surveys were conducted by a 
single observer. The SREL observer, W. L. Stephens, Jr., accompanied the pilot in the aircraft; the pilot 
was instructed to fly at an altitude of approximately 200–300 ft and an airspeed of about 80–105 mph. 
Surveys consisted of complete coverages of the lake basin, thus providing what were considered true 
count data as opposed to randomized line-transect surveys which would yield only estimates of bird 
abundance (this latter technique is often used when study areas are much larger geographic regions). The 
pilot was instructed to circle above larger flocks of birds while species were identified and counts were 
made. Bird species and numbers of individuals were recorded directly onto field maps of the lake; after 
survey completion, observed birds were tallied by species and recorded on a summary data sheet. 
Additional data provided on each summary data sheet included: date, start/end times of survey, and 
general weather conditions at the time of the aerial survey (i.e., visibility, wind, temperature, rainfall). 
Meteorological information from Dutch Oaks station, Irmo, SC was also gathered for each flight period. 
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Aerial surveys were conducted during the early-afternoon hours, with all surveys being started by 
1500hrs. Surveys generally lasted 1.5–2 hours. 
 
 Data were stored on a networked PC-workstation operating in a Microsoft-Windows 
environment. The Statistical Analysis System (Statistical Analysis System, SAS Institute, Inc., Cary, NC) 
was used to summarize the aerial survey data.  
 
 
Aerial Survey Results and Discussion 
 
Year one (2006–2007) 
 During year one, six fixed-wing aerial surveys of the entire Lake Murray basin were conducted 
between 14 December, 2006 and 27 February, 2007. A flight scheduled for 29 November, 2006 was 
cancelled due to limited visibility (fog) conditions in and around the survey area, and could not be 
rescheduled until mid-December, 2006. A flight scheduled for 5 January, 2007 was rescheduled for 9 
January, 2007 because of inclement weather on the original date. Also, a flight scheduled for 6 February, 
2007 was cancelled by Eagle Aviation due to plane/pilot availability; this flight was rescheduled to 19 
February, 2007. Prevailing weather conditions during the 2006–2007 flights are provided in Table 1.  
 
 Seven waterfowl species (includes American Coots [Fulica americana]) were identified using 
Lake Murray during the 2006–2007 aerial surveys (Table 2). During these surveys, over 4,000 waterfowl 
were documented using the reservoir (Table 3). Mallards (Anas platyrhynchos) were the only dabbling 
duck species seen at Lake Murray and were the only species observed on every aerial survey, but their 
numbers never exceeded more than 211 individuals on any single survey (Table 3). Canada Geese 
(Branta canadensis) were observed on five of six 2006–2007 aerial surveys, with a maximum of 144 
observed. Three diving duck species were observed at Lake Murray in 2006–2007, including the 
Bufflehead (Bucephala albeola), Ring-necked Duck (Aythya collaris), and Lesser Scaup (Aythya affinis; 
Table 3).  
 
 Figure 3 shows the Lake Murray locations of waterfowl concentrations of >100 individuals 
observed during aerial surveys in the winter of 2006–2007. These locations included an area just west of 
the SC Hwy 391 bridge over the Saluda River fork, the Hollow Creek region of the lake, the Lowman 
Creek area near the Lighthouse Marina, and around islands in the vicinity of the Saluda Dam. Lesser 
Scaup were the most numerous waterfowl seen on Lake Murray during the 2006–2007 aerial surveys, 
with more than 500 observed on three occasions, and a maximum of 1,535 observed on 19 February, 
2007 (Table 3). Lesser Scaup were noted in the vicinity of Goat Island and Pine Island near the Saluda 
Dam (Figure 1) on three surveys where they were observed to have churned-up the shallow waters, 
presumably as they were bottom feeding. Lesser Scaup often prefer feeding on small mussels such as the 
Asiatic clam (Corbicula fluminea) which occur in southeastern reservoirs.  
 
Year two (2007–2008) 
 During year two of the study, six additional fixed-wing aerial surveys of the Lake Murray basin 
were conducted between 16 November, 2007 and 21 February, 2008. A flight scheduled for 3 December, 
2007 was rescheduled to 12 December, 2007 due to pilot illness. A flight scheduled for 22 January, 2008 
was rescheduled for 28 January, 2008 because of inclement weather on the original date. Also, a flight 
scheduled for 13 February, 2008 was rescheduled to 21 February, 2008 because of windy conditions on 
the original date. Prevailing weather conditions during the 2007–2008 flights are provided in Table 4.  Of 
note, heavy rain falling during the later portion of the 21 February, 2008 flight lead to very poor visibility 
while surveying most of the southern shore of Lake Murray. 
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 In year two, only four waterfowl species (includes American Coots) were identified by aerial 
surveys using Lake Murray (Table 2). During the 2007–2008 surveys, only 845 total waterfowl were 
documented using the reservoir (Table 5), a decline of almost 80% from the previous year. As in the first 
year, the Mallard was the only dabbling duck species seen at Lake Murray in 2007–2008, but their 
numbers never exceeded more than 104 individuals on any single survey (Table 5). Mallards were 
observed on every aerial survey in 2007–2008. Canada Geese were also observed on all six 2007–2008 
aerial surveys, with a maximum of 161 observed (Table 5). The only diving duck species observed at 
Lake Murray in 2007–2008 was the Lesser Scaup, but only 10 individuals were seen on a single occasion 
(Table 5). American Coots were observed on only one aerial survey in 2007–2008, totaling 200 
individuals. One adult Bald Eagle (Haliaeetus leucocephalus) was also observed at Lake Murray on 28 
January, 2008. 
 
 Figure 4 shows the Lake Murray locations of waterfowl concentrations of >100 individuals 
observed during aerial surveys in the winter of 2007–2008. This single location was an area just west of 
the SC Hwy 391 bridge over the Saluda River fork. American Coots were the most numerous waterfowl 
seen on Lake Murray during the aerial surveys, with 200 observed on a single occasion (Table 5).  
 
 A declining trend in waterfowl use of the reservoir in recent years noted from SCDNR mid-
winter waterfowl surveys (see Appendix 1) is likely attributed to several factors, including a multi-year 
partial drawdown (drawdown began in the fall of 2002; refill began in the spring of 2005) and nuisance 
aquatic plant control activities that have affected vegetation and associated macro-invertebrates that 
wintering waterfowl depend on as food resources. Another factor that commonly has a negative affect on 
waterbird use of waterbodies is human disturbance. Recreational boat use by the general public that was 
noted during both winters of the current study, even during the coldest months of the year, may well be 
high enough to create disturbance to waterfowl and thereby also contribute to the limited use of the 
reservoir by these species. With what may be lower quantity and quality waterfowl food resources and 
observed levels of disturbance on the reservoir in winter, Lake Murray will likely function primarily as a 
temporary stopover location for migrating waterfowl. 
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Table 1. Weather conditions during waterfowl aerial surveys of Lake Murray in 2006–2007. 
 
Survey Date: 12/14/2006 12/27/2006 1/9/2007 1/19/2007 2/19/2007 2/27/2007 


Observer W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens 


Start Time 14:45 13:00 12:00 12:30 15:00 14:00 


Stop Time 16:15 14:45 13:30 14:30 16:30 15:30 


Noted General Conditions PC/Hazy/Calm Clear/Calm Clear/Windy Clear/Windy Clear/Cool Clear/Cool 


Irmo Temp Range (C)* 17-19oC 11oC 13-14oC 13-14oC 14-15oC 20oC 


Irmo Wind (mph)* Calm-SW@2 Calm-W@5 Calm-SW@17; 
Gusts@22 


Calm-SW@14; 
Gusts@23 Calm-SSW@2 Calm-SSW@6 


Irmo Rainfall Rate 
(mm/hr)* None None None None None None 


Irmo Sky Conditions* OVC FEW CLR BKN FEW BKN 
 
*Dutch Oaks, Irmo, SC; Latitude: N 34 ° 8 ' 49 '' ( 34.147 ° ); Longitude: W 81 ° 12 ' 54 '' ( –81.215 ° ); Elevation: 366 ft; Station Hardware: Oregon Scientific 
WMR968; Abbreviations: PC=Partly Cloudy, OVC=Overcast, FEW=Few Clouds, SCT=Scattered Clouds, CLR=Clear Skies, BKN=Broken Skies, RN = Rain 
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Table 2. Species list compiled from waterfowl aerial surveys of Lake Murray in 2006–2007 and 2007–
2008. 
____________________________________________________________________________________ 
 
Guild  Common Name Scientific Name  2006-2007 2007-2008 
____________________________________________________________________________________ 
 
Swans 
  Mute Swan  Cygnus olor          X 
 
Geese 
  Canada Goose  Branta canadensis         X         X 
 
Dabbling Ducks 
  Mallard   Anas platyrhynchos         X         X 
 
Diving Ducks 
  Ring-necked Duck Aythya collaris          X 
  Lesser Scaup  Aythya affinis          X         X 
  Bufflehead  Bucephala albeola         X 
 
Rails 
  American Coot  Fulica americana         X         X 
____________________________________________________________________________________ 
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Table 3. Counts of waterfowl identified during aerial surveys of Lake Murray in 2006–2007. 


Survey Date: 12/14/06 12/27/06 1/9/07 1/19/07 2/19/07 2/27/07 All 
Surveys 


Mallard 211 46 16 23 25 7 328 
American Black Duck       0 
Mottled Duck       0 
Gadwall       0 
American Wigeon       0 
Green-Wing Teal       0 
Blue-Wing Teal       0 
Northern Shoveler       0 
Northern Pintail       0 
Wood Duck       0 


Total Dabblers: 211 46 16 23 25 7 328 


Redhead       0 
Canvasback       0 
Scaup spp.  920 100 600 1535  3155 
Ring-necked Duck  106     106 
Common Goldeneye       0 
Bufflehead  14 8 11 8  41 
Ruddy Duck       0 


Total Divers: 0 1040 108 611 1543 0 3302 


Scoter spp.       0 
Long-tailed Duck       0 
Harlequin Duck       0 


Total Seaducks: 0 0 0 0 0 0 0 


Merganser spp.       0 


Unidentified Ducks       0 


Total Ducks: 211 1086 124 634 1568 7 3630 


Brant       0 
Snow Goose       0 
White-Fronted Goose       0 
Canada Goose  66 144 140 9 19 378 


Total Geese: 0 66 144 140 9 19 378 


Tundra Swan       0 
Trumpeter Swan       0 
Mute Swan     2  2 


Total Swans: 0 0 0 0 2 0 2 


American Coot 50      50 


Grand Total: 261 1152 268 774 1579 26 4060 
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Table 4. Weather conditions during waterfowl aerial surveys of Lake Murray in 2007–2008. 
 
Survey Date: 11/16/2007 12/12/2007 12/19/2007 1/7/2008 1/28/2008 2/21/2008 


Observer W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens 


Start Time 13:00 13:00 13:00 13:00 13:00 13:00 


Stop Time 16:00 15:00 15:00 15:30 16:00 14:30 


Noted General Conditions Clear/Light wind Clear/Windy PC/Light wind Clear/Light wind Clear/Light wind Cloudy/Rain 


Irmo Temp Range (C)* 12-13oC 26-27oC 13-15oC 21-22oC 14-15oC 9-10oC 


Irmo Wind (mph)* Calm-SW@10 
Gusts@21 


Calm-SW@9 
Gusts@25 


Calm-SW@8; 
Gusts@17 


Calm-SSW@7; 
Gusts@12 


Calm-WSW@8 
Gusts@13 


Calm-NE@8 
Gusts@20 


Irmo Rainfall Rate 
(mm/hr)* None None None None None None 


Irmo Sky Conditions* BKN BKN BKN BKN BKN BKN 
 
*Dutch Oaks, Irmo, SC; Latitude: N 34 ° 8 ' 49 '' ( 34.147 ° ); Longitude: W 81 ° 12 ' 54 '' ( –81.215 ° ); Elevation: 366 ft; Station Hardware: Oregon Scientific 
WMR968; Abbreviations: PC=Partly Cloudy, OVC=Overcast, FEW=Few Clouds, SCT=Scattered Clouds, CLR=Clear Skies, BKN=Broken Skies, RN = Rain 
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Table 5. Counts of waterfowl identified during aerial surveys of Lake Murray in 2007–2008. 


Survey Date: 11/16/07 12/12/07 12/19/07 1/7/08 1/28/08 2/21/08 All 
Surveys 


Mallard 4 2 38 104 2 8 158 
American Black Duck       0 
Mottled Duck       0 
Gadwall       0 
American Wigeon       0 
Green-Wing Teal       0 
Blue-Wing Teal       0 
Northern Shoveler       0 
Northern Pintail       0 
Wood Duck       0 


Total Dabblers: 4 2 38 104 2 8 158 


Redhead       0 
Canvasback       0 
Scaup spp.     10  10 
Ring-necked Duck       0 
Common Goldeneye       0 
Bufflehead       0 
Ruddy Duck       0 


Total Divers: 0 0 0 0 10 0 10 


Scoter spp.       0 
Long-tailed Duck       0 
Harlequin Duck       0 


Total Seaducks: 0 0 0 0 0 0 0 


Merganser spp.       0 


Unidentified Ducks       0 


Total Ducks: 4 2 38 104 12 8 168 


Brant       0 
Snow Goose       0 
White-Fronted Goose       0 
Canada Goose 20 90 161 101 69 36 477 


Total Geese: 20 90 161 101 69 36 477 


Tundra Swan       0 
Trumpeter Swan       0 
Mute Swan       0 


Total Swans: 0 0 0 0 0 0 0 


American Coot     200  200 


Grand Total: 24 92 199 205 281 44 845 
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Figure 1.  Map of Lake Murray showing locations referred to in the report. 
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Figure 2.  Lake Murray daily gage height (feet; full pool = 360feet) during March 1997–March 2008. 
Location: Latitude 34°03'07", Longitude 81°13'15" (NAD27), Lexington Co., SC, Hydrologic Unit 
03050109; Description: Drainage area: 2,420.00 square miles; Datum of gage: –0.64 feet above sea level 
NGVD29. Source: U.S. Geological Survey National Water Information System. 
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Figure 3.  Map of Lake Murray showing locations of waterfowl concentrations of >100 individuals 
observed during aerial surveys in 2006–2007. 
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Figure 4.  Map of Lake Murray showing locations of waterfowl concentrations of >100 individuals 
observed during aerial surveys in 2007–2008. 
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Appendix 1. South Carolina Department of Natural Resources mid-winter waterfowl counts from Lake Murray. 
 


Survey Date: 2003 2004 2005 2006 2007 2008 All 
Surveys 


Mallard 26 19 2 44  23 114 
American Black Duck 4      4 
Mottled Duck       0 
Gadwall       0 
American Wigeon       0 
Green-Wing Teal       0 
Blue-Wing Teal       0 
Northern Shoveler 3      3 
Northern Pintail       0 
Wood Duck       0 


Total Dabblers: 33 19 2 44 0 23 121 


Redhead   1    1 
Canvasback       0 
Scaup spp. 2610 1718 2 4 536 60 4930 
Ring-neck Duck 200 1353 34    1587 
Common Goldeneye 3      3 
Bufflehead 80 40  139 49 50 358 
Ruddy Duck 7      7 


Total Divers: 2900 3111 37 143 585 110 6886 


Scoter spp.       0 
Long-tailed Duck       0 
Harlequin Duck       0 


Total Seaducks: 0 0 0 0 0 0 0 


Merganser spp.   5 4   9 
Unidentified Ducks  4  4   8 


Total Ducks: 2933 3134 44 195 585 133 7024 


Brant        
Snow Goose       0 
Canada Goose 394 86 12 56 44 109 701 
White-Fronted Goose       0 


Total Geese: 394 86 12 56 44 109 701 


Tundra Swan       0 
Trumpeter Swan       0 
Mute Swan       0 


Total Swans: 0 0 0 0 0 0 0 


Am. Coot 19500 9000 753 125 9  29387 


Grand Total 22827 12220 809 376 638 242 37112 
 







From: Gerrit Jobsis
To: Brandon Kulik; Shane Boring; Theresa Thom; Alison Guth; Amanda Hill; 

BARGENTIERI@scana.com; Bud Badr; dchristie@comporium.net; Gina Kirkland; 
Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; giffinma@dhec.sc.gov; 
Mike Waddell; mquattlebaum@scana.com; Prescott Brownell; RMAHAN@scana.
com; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Alan Stuart; 

Subject: RE: Monthly median Project inflows, and some light reading and food for thought
Date: Thursday, January 17, 2008 11:08:44 AM

Good information Brandon.  Of course we don’t have to work in full months.  For 
example I’d be much more comfortable lumping Dec 21-Feb 28, than starting Dec 1.
 
____________________________________________
Gerrit Jobsis, American Rivers
Southeast Regional Director
2231 Devine Street, Suite 202, Columbia, S.C. 29205
803.771.7114 (t)     803.771.7580 (f)
gjobsis@americanrivers.org

 
Stand up for healthy rivers: Join the eRiver Community to download music, 
wallpaper and more.  www.AmericanRivers.org/eRiver
 

From: Brandon Kulik [mailto:Brandon.Kulik@KleinschmidtUSA.com]  
Sent: Thursday, January 17, 2008 10:59 AM 
To: Shane Boring; Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 
dchristie@comporium.net; Gerrit Jobsis; Gina Kirkland; Hal Beard; Jennifer Hand; Jim 
Glover; Malcolm Leaphart; giffinma@dhec.sc.gov; Mike Waddell; 
mquattlebaum@scana.com; Prescott Brownell; Randy Mahan; Ron Ahle; Scott Harder; 
Shane Boring; Steve Summer; Alan Stuart 
Subject: Monthly median Project inflows, and some light reading and food for thought
 

Hello everyone, 

Attached as requested, is a table of monthly median project inflows   It may suggest 
some alternative ways of lumping months other than that proposed on our call.  Open 
for discussion at our workshop.  

 

Month   Median Value    
Jan     2782    
Feb     3188    
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March   3549    
April   2387.5  
May     1610    
June    1315.5  
July    1135    
August  1109.5  
Sept    1052.5  
Oct     946     
Nov     1166    
Dec     1828    
 
One possible mix based on both rough flow magnitudes and biological seasons could 
be:  
Dec-Feb         ("Winter")  
March           ("early spring")  
April-May       ("late spring")  
June-Sept       ("summer")  
Oct-Nov         ("fall") 

Kevin has tallied the permutations and combinations of guilds, study sites, and 
seasonal month-combo flows for use in the habitat duration analysis and reports that it 
will be in the neighborhood of 1000+/- individual data sets, even with some months 
combined.  In looking toward continuing to try to find ways to streamline some of the 
data we are generating without losing critical habitat-flow relationships, I have been 
giving further thought to how best to employ our guild data.  I went back to what many 
consider to be the seminal paper on use of guilds in warmwater stream flow 
assessment, a 1988 paper by Paul Leonard and Don Orth (attached in the case you 
haven't already seen it).  I also took the liberty of cutting and pasting the key elements 
of L&O into a word summary document, in the event you are pressed for time and can't 
wade through the entire paper.

<<L and O 1988.doc>> <<Leonard and Orth 1988.pdf>>  
Insofar as guilds are concerned, some of the take-home points are: 

●     For large rivers, focus on riffle, run and also stream margin ("shallow slow" in 
Saluda lingo) guild representatives 

●     Pool (deep slow) guild members offer the least decision information 
 

Not a guild-specific point but L&O also note that there are basically 4 WUA curve 
patterns or classifications, classes I, II, and III are the most informative; conversely 
WUA curves corresponding to type IV are the least informative.  I think you will likely 
recognize these shape categories of the curves in our modeling data from the Saluda 
study.  



If you have a chance to glance through the material, I would propose that as a group 
we consider these principles in guiding our guild choices during the workshop.  
Possibly consider eliminating various type IV and deep-slow curves, there may even be 
an opportunity to blend or eliminate a few species and lifestages with redundant curve 
shapes.  Again, just food for thought for next week

Brandon 

Brandon H Kulik  
Senior Fisheries Scientist  
Kleinschmidt Energy & Water Resource Consultants  
141 Main Street  
Pittsfield, Maine 04967  
(207) 487-3328 

 



From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

cc: Wade Bales (balesw@dnr.sc.gov); Alan Stuart; Bill East; Bill Hulslander; 
Bill Marshall; Bob Perry ; Bob Seibels (bseibels@yahoo.com); 
Charlene Coleman; Daniel Tufford; Ed Diebold; George Duke; Jeff Duncan; 
Jennifer O"Rourke; Jim Cumberland ; Jim Goller; Joe Logan; Joy Downs; 
Larry Turner (turnerle@dhec.sc.gov); Laura Boos (laura.mccary@gmail.
com); Mark Leao; Mike Sloan; Norman Ferris; Reed Bull (rbull@davisfloyd.
com); Robert Lavisky; Steve Bell; Steve Leach; Suzanne Rhodes; 
Tom Bowles (tbowles@scana.com); 

Subject: Final Lower Saluda River Instream Flow Data Report
Date: Thursday, March 06, 2008 10:02:40 AM

Dear Instream Flow TWC Members: 
The final version of the Lower Saluda River Instream Flow Data Report is available for download from 
the following location -  ftp://ftp.kleinschmidtusa.com/455-058/Final%20Report/.  Please note that this is 
merely the data report summarizing the field data collection and PHABSIM modeling results and thus 
does not include information regarding flow recommendations.  This final report incorporates all of the 
additional information requested by TWC members during the December and January workshops.  
Thanks to all who contributed to the study and please don't hesitate to call with questions. 
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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From: Shane Boring
To: Vivianne Vejdani ; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; 

Brandon Stutts ; Buddy Baker ; Dick Christie (dchristie@comporium.net); 
Jennifer Hand; Jim Glover; Randy Mahan; Ron Ahle; Shane Boring; 

Subject: Saluda Hydro relicensing: Draft 2007-2008 Lake Murray Waterfowl Report
Date: Thursday, April 17, 2008 5:27:57 PM
Attachments: SREL Final Waterfowl Report 2007-08.doc 

All: 
Attached for your review is the draft report summarizing waterfowl surveys conducted by Savannah river 
Ecology Lab on Lake Murray during winter 2007-2008.  If possible, please have comments on the draft 
report back to me by May 9th.  Thanks for your continued interest in the Lake Murray waterfowl surveys. 
C. Shane Boring 
Environmental Scientist 
Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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Executive Summary


As a part of the Federal Energy Regulatory Commission (FERC) relicensing process for the Saluda Hydroelectric Project (FERC No. P-516) by the South Carolina Electric & Gas Company (SCE&G), the South Carolina Department of Natural Resources (SCDNR) submitted a study request asking for an evaluation of wintering waterfowl usage at Lake Murray, South Carolina. Kleinschmidt Associates, a consulting firm specializing in engineering, regulatory management and environmental services, is coordinating the relicensing process for SCE&G. In early November 2006, the University of Georgia’s Savannah River Ecology Laboratory (SREL) of Aiken, South Carolina, entered into a sub-consultant agreement with Kleinschmidt Associates to provide aerial survey data from multiple years describing waterfowl use of Lake Murray, which is located in Lexington, Richland, Saluda, and Newberry Counties. 


In year one, six fixed-wing aerial surveys of the entire Lake Murray basin were conducted between 14 December, 2006 and 27 February, 2007, during which over 4,000 waterfowl were documented using the reservoir. Seven waterfowl species (includes American Coots [Fulica americana]) were identified using Lake Murray during the first-year surveys. The Mallard (Anas platyrhynchos) was the only dabbling duck species seen at Lake Murray and was the only species observed on every aerial survey, but their numbers never exceeded more than 211 individuals on any single survey. Canada Geese (Branta canadensis) were observed on five of six 2006–2007 aerial surveys, with a maximum of 144 observed. Three diving duck species were observed at Lake Murray in 2006–2007, including the Bufflehead (Bucephala albeola), Ring-necked Duck (Aythya collaris), and Lesser Scaup (Aythya affinis). Lesser Scaup were the most numerous waterfowl seen on Lake Murray during the aerial surveys of 2006–2007, with more than 500 observed on three occasions, and a maximum of 1,535 observed on 19 February, 2007. Lesser Scaup were noted in the vicinity of Goat Island and Pine Island near the Saluda Dam on three surveys where they were observed to have churned-up the shallow waters, presumably as they were bottom feeding.


During year two of the study, six additional fixed-wing aerial surveys of the Lake Murray basin were conducted between 16 November, 2007 and 21 February, 2008. In this second year, aerial surveys documented only about 850 waterfowl using the reservoir, a decline of almost 80%. In 2007–2008, only four waterfowl species (includes American Coots) were identified using Lake Murray during the surveys. As in the previous year, the Mallard was the only dabbling duck species seen at Lake Murray, but their numbers never exceeded more than 104 individuals on any single survey. Mallards were observed on every aerial survey in 2007–2008. Canada Geese were also observed on all six 2007–2008 aerial surveys, with a maximum of 161 observed. The only diving duck species observed at Lake Murray in 2007–2008 was the Lesser Scaup, but only 10 individuals were seen on a single occasion. 


A declining trend in waterfowl use of the reservoir in recent years noted from SCDNR mid-winter waterfowl surveys is likely attributed to several factors, including a multi-year partial drawdown and nuisance aquatic plant control activities that have undoubtedly affected invasive and native vegetation communities that wintering waterfowl depend on as food resources. Additionally, as is common to multi-purpose reservoirs like Lake Murray, recreational boating by the general public that was noted during both winters may well be high enough to create disturbance to waterfowl and thereby also contribute to the limited use of the reservoir by these species. With what may be lower quantity and quality waterfowl food resources and observed levels of disturbance on the reservoir in winter, Lake Murray will likely function primarily as a temporary stopover location for migrating waterfowl.

Introduction



On 29 April, 2005 South Carolina Electric & Gas Company (SCE&G) filed a notice of intent with the Federal Energy Regulatory Commission (FERC) to seek a new license for the Saluda Hydroelectric Project (FERC No. P-516), which includes Lake Murray. The current license for the 206 MW Saluda Hydroelectric plant, which is located near Columbia, SC, expires in 2010. Kleinschmidt Associates, a consulting firm specializing in engineering, regulatory management and environmental services, began coordinating the relicensing process for SCE&G. In addition to its notice of intent, SCE&G also submitted its initial consultation document to begin the official relicensing process. As a result of the review of documents associated with the filing by numerous state and federal resource agencies, the United States Fish and Wildlife Service (USFWS), South Carolina Department of Natural Resources (SCDNR), National Marine Fisheries Service (NMFS), and several Non-governmental Organizations (NGO’s) requested studies to determine the potential impact of Project operation on fish and wildlife resources, including the status of overwintering waterfowl on Lake Murray. In early November 2006, the University of Georgia’s Savannah River Ecology Laboratory (SREL) of Aiken, South Carolina, entered into a sub-consultant agreement with Kleinschmidt Associates to provide aerial survey data (6 flights/yr) describing waterfowl use of Lake Murray.

Study Area


Lake Murray (Figure 1) is a 50,000-acre hydroelectric reservoir created in 1930 with the construction of an earthen dam in the Dreher Shoals area of the Saluda River. The lake basin drains some 2,420 square miles in portions of Lexington, Richland, Saluda, and Newberry Counties of South Carolina. 


The Saluda Hydro Project is typically used to meet SCE&G’s reserve capacity obligations. Seasonally, as the project is operated, Lake Murray undergoes drawdowns and refills. The minimum drawdown is usually to 350 feet MSL (November–December) and the maximum elevation is held to 358 feet MSL (May–June; Figure 2). Spillway gates prevent the reservoir from rising above the 360-foot capacity level. Although originally developed for hydroelectric power production, damming of the natural watercourse of the Saluda River to create the reservoir also provided for recreational and real estate development, which have flourished because of the proximity to the state capital in Columbia.

Aerial Surveys Methods



Kleinschmidt Associates provided for air services through Eagle Aviation Inc. (Columbia, SC), which supplied aircraft (Cessna 172) and a pilot for the six planned Lake Murray aerial bird surveys each year. Because of potential bias associated with multiple observers, all aerial surveys were conducted by a single observer. The SREL observer, W. L. Stephens, Jr., accompanied the pilot in the aircraft; the pilot was instructed to fly at an altitude of approximately 200–300 ft and an airspeed of about 80–105 mph. Surveys consisted of complete coverages of the lake basin, thus providing what were considered true count data as opposed to randomized line-transect surveys which would yield only estimates of bird abundance (this latter technique is often used when study areas are much larger geographic regions). The pilot was instructed to circle above larger flocks of birds while species were identified and counts were made. Bird species and numbers of individuals were recorded directly onto field maps of the lake; after survey completion, observed birds were tallied by species and recorded on a summary data sheet. Additional data provided on each summary data sheet included: date, start/end times of survey, and general weather conditions at the time of the aerial survey (i.e., visibility, wind, temperature, rainfall). Meteorological information from Dutch Oaks station, Irmo, SC was also gathered for each flight period. Aerial surveys were conducted during the early-afternoon hours, with all surveys being started by 1500hrs. Surveys generally lasted 1.5–2 hours.


Data were stored on a networked PC-workstation operating in a Microsoft-Windows environment. The Statistical Analysis System (Statistical Analysis System, SAS Institute, Inc., Cary, NC) was used to summarize the aerial survey data. 

Aerial Survey Results and Discussion

Year one (2006–2007)



During year one, six fixed-wing aerial surveys of the entire Lake Murray basin were conducted between 14 December, 2006 and 27 February, 2007. A flight scheduled for 29 November, 2006 was cancelled due to limited visibility (fog) conditions in and around the survey area, and could not be rescheduled until mid-December, 2006. A flight scheduled for 5 January, 2007 was rescheduled for 9 January, 2007 because of inclement weather on the original date. Also, a flight scheduled for 6 February, 2007 was cancelled by Eagle Aviation due to plane/pilot availability; this flight was rescheduled to 19 February, 2007. Prevailing weather conditions during the 2006–2007 flights are provided in Table 1. 


Seven waterfowl species (includes American Coots [Fulica americana]) were identified using Lake Murray during the 2006–2007 aerial surveys (Table 2). During these surveys, over 4,000 waterfowl were documented using the reservoir (Table 3). Mallards (Anas platyrhynchos) were the only dabbling duck species seen at Lake Murray and were the only species observed on every aerial survey, but their numbers never exceeded more than 211 individuals on any single survey (Table 3). Canada Geese (Branta canadensis) were observed on five of six 2006–2007 aerial surveys, with a maximum of 144 observed. Three diving duck species were observed at Lake Murray in 2006–2007, including the Bufflehead (Bucephala albeola), Ring-necked Duck (Aythya collaris), and Lesser Scaup (Aythya affinis; Table 3). 



Figure 3 shows the Lake Murray locations of waterfowl concentrations of >100 individuals observed during aerial surveys in the winter of 2006–2007. These locations included an area just west of the SC Hwy 391 bridge over the Saluda River fork, the Hollow Creek region of the lake, the Lowman Creek area near the Lighthouse Marina, and around islands in the vicinity of the Saluda Dam. Lesser Scaup were the most numerous waterfowl seen on Lake Murray during the 2006–2007 aerial surveys, with more than 500 observed on three occasions, and a maximum of 1,535 observed on 19 February, 2007 (Table 3). Lesser Scaup were noted in the vicinity of Goat Island and Pine Island near the Saluda Dam (Figure 1) on three surveys where they were observed to have churned-up the shallow waters, presumably as they were bottom feeding. Lesser Scaup often prefer feeding on small mussels such as the Asiatic clam (Corbicula fluminea) which occur in southeastern reservoirs. 


Year two (2007–2008)



During year two of the study, six additional fixed-wing aerial surveys of the Lake Murray basin were conducted between 16 November, 2007 and 21 February, 2008. A flight scheduled for 3 December, 2007 was rescheduled to 12 December, 2007 due to pilot illness. A flight scheduled for 22 January, 2008 was rescheduled for 28 January, 2008 because of inclement weather on the original date. Also, a flight scheduled for 13 February, 2008 was rescheduled to 21 February, 2008 because of windy conditions on the original date. Prevailing weather conditions during the 2007–2008 flights are provided in Table 4.  Of note, heavy rain falling during the later portion of the 21 February, 2008 flight lead to very poor visibility while surveying most of the southern shore of Lake Murray.


In year two, only four waterfowl species (includes American Coots) were identified by aerial surveys using Lake Murray (Table 2). During the 2007–2008 surveys, only 845 total waterfowl were documented using the reservoir (Table 5), a decline of almost 80% from the previous year. As in the first year, the Mallard was the only dabbling duck species seen at Lake Murray in 2007–2008, but their numbers never exceeded more than 104 individuals on any single survey (Table 5). Mallards were observed on every aerial survey in 2007–2008. Canada Geese were also observed on all six 2007–2008 aerial surveys, with a maximum of 161 observed (Table 5). The only diving duck species observed at Lake Murray in 2007–2008 was the Lesser Scaup, but only 10 individuals were seen on a single occasion (Table 5). American Coots were observed on only one aerial survey in 2007–2008, totaling 200 individuals. One adult Bald Eagle (Haliaeetus leucocephalus) was also observed at Lake Murray on 28 January, 2008.


Figure 4 shows the Lake Murray locations of waterfowl concentrations of >100 individuals observed during aerial surveys in the winter of 2007–2008. This single location was an area just west of the SC Hwy 391 bridge over the Saluda River fork. American Coots were the most numerous waterfowl seen on Lake Murray during the aerial surveys, with 200 observed on a single occasion (Table 5). 


A declining trend in waterfowl use of the reservoir in recent years noted from SCDNR mid-winter waterfowl surveys (see Appendix 1) is likely attributed to several factors, including a multi-year partial drawdown (drawdown began in the fall of 2002; refill began in the spring of 2005) and nuisance aquatic plant control activities that have affected vegetation and associated macro-invertebrates that wintering waterfowl depend on as food resources. Another factor that commonly has a negative affect on waterbird use of waterbodies is human disturbance. Recreational boat use by the general public that was noted during both winters of the current study, even during the coldest months of the year, may well be high enough to create disturbance to waterfowl and thereby also contribute to the limited use of the reservoir by these species. With what may be lower quantity and quality waterfowl food resources and observed levels of disturbance on the reservoir in winter, Lake Murray will likely function primarily as a temporary stopover location for migrating waterfowl.
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Table 1. Weather conditions during waterfowl aerial surveys of Lake Murray in 2006–2007.


		Survey Date:

		12/14/2006

		12/27/2006

		1/9/2007

		1/19/2007

		2/19/2007

		2/27/2007



		Observer

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens



		Start Time

		14:45

		13:00

		12:00

		12:30

		15:00

		14:00



		Stop Time

		16:15

		14:45

		13:30

		14:30

		16:30

		15:30



		Noted General Conditions

		PC/Hazy/Calm

		Clear/Calm

		Clear/Windy

		Clear/Windy

		Clear/Cool

		Clear/Cool



		Irmo Temp Range (C)*

		17-19oC

		11oC

		13-14oC

		13-14oC

		14-15oC

		20oC



		Irmo Wind (mph)*

		Calm-SW@2

		Calm-W@5

		Calm-SW@17; Gusts@22

		Calm-SW@14; Gusts@23

		Calm-SSW@2

		Calm-SSW@6



		Irmo Rainfall Rate (mm/hr)*

		None

		None

		None

		None

		None

		None



		Irmo Sky Conditions*

		OVC

		FEW

		CLR

		BKN

		FEW

		BKN





*Dutch Oaks, Irmo, SC; Latitude: N 34 ° 8 ' 49 '' ( 34.147 ° ); Longitude: W 81 ° 12 ' 54 '' ( –81.215 ° ); Elevation: 366 ft; Station Hardware: Oregon Scientific WMR968; Abbreviations: PC=Partly Cloudy, OVC=Overcast, FEW=Few Clouds, SCT=Scattered Clouds, CLR=Clear Skies, BKN=Broken Skies, RN = Rain

Table 2. Species list compiled from waterfowl aerial surveys of Lake Murray in 2006–2007 and 2007–2008.


____________________________________________________________________________________


Guild

Common Name
Scientific Name

2006-2007
2007-2008

____________________________________________________________________________________


Swans



Mute Swan

Cygnus olor


       X

Geese



Canada Goose

Branta canadensis

       X

       X

Dabbling Ducks




Mallard


Anas platyrhynchos

       X

       X

Diving Ducks




Ring-necked Duck
Aythya collaris


       X



Lesser Scaup

Aythya affinis


       X

       X



Bufflehead

Bucephala albeola

       X

Rails



American Coot

Fulica americana

       X

       X

____________________________________________________________________________________

Table 3. Counts of waterfowl identified during aerial surveys of Lake Murray in 2006–2007.

		Survey Date:

		12/14/06

		12/27/06

		1/9/07

		1/19/07

		2/19/07

		2/27/07

		All Surveys



		Mallard

		211

		46

		16

		23

		25

		7

		328



		American Black Duck

		

		

		

		

		

		

		0



		Mottled Duck

		

		

		

		

		

		

		0



		Gadwall

		

		

		

		

		

		

		0



		American Wigeon

		

		

		

		

		

		

		0



		Green-Wing Teal

		

		

		

		

		

		

		0



		Blue-Wing Teal

		

		

		

		

		

		

		0



		Northern Shoveler

		

		

		

		

		

		

		0



		Northern Pintail

		

		

		

		

		

		

		0



		Wood Duck

		

		

		

		

		

		

		0



		Total Dabblers:

		211

		46

		16

		23

		25

		7

		328



		Redhead

		

		

		

		

		

		

		0



		Canvasback

		

		

		

		

		

		

		0



		Scaup spp.

		

		920

		100

		600

		1535

		

		3155



		Ring-necked Duck

		

		106

		

		

		

		

		106



		Common Goldeneye

		

		

		

		

		

		

		0



		Bufflehead

		

		14

		8

		11

		8

		

		41



		Ruddy Duck

		

		

		

		

		

		

		0



		Total Divers:

		0

		1040

		108

		611

		1543

		0

		3302



		Scoter spp.

		

		

		

		

		

		

		0



		Long-tailed Duck

		

		

		

		

		

		

		0



		Harlequin Duck

		

		

		

		

		

		

		0



		Total Seaducks:

		0

		0

		0

		0

		0

		0

		0



		Merganser spp.

		

		

		

		

		

		

		0



		Unidentified Ducks

		

		

		

		

		

		

		0



		Total Ducks:

		211

		1086

		124

		634

		1568

		7

		3630



		Brant

		

		

		

		

		

		

		0



		Snow Goose

		

		

		

		

		

		

		0



		White-Fronted Goose

		

		

		

		

		

		

		0



		Canada Goose

		

		66

		144

		140

		9

		19

		378



		Total Geese:

		0

		66

		144

		140

		9

		19

		378



		Tundra Swan

		

		

		

		

		

		

		0



		Trumpeter Swan

		

		

		

		

		

		

		0



		Mute Swan

		

		

		

		

		2

		

		2



		Total Swans:

		0

		0

		0

		0

		2

		0

		2



		American Coot

		50

		

		

		

		

		

		50



		Grand Total:

		261

		1152

		268

		774

		1579

		26

		4060





Table 4. Weather conditions during waterfowl aerial surveys of Lake Murray in 2007–2008.


		Survey Date:

		11/16/2007

		12/12/2007

		12/19/2007

		1/7/2008

		1/28/2008

		2/21/2008



		Observer

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens

		W.L. Stephens



		Start Time

		13:00

		13:00

		13:00

		13:00

		13:00

		13:00



		Stop Time

		16:00

		15:00

		15:00

		15:30

		16:00

		14:30



		Noted General Conditions

		Clear/Light wind

		Clear/Windy

		PC/Light wind

		Clear/Light wind

		Clear/Light wind

		Cloudy/Rain



		Irmo Temp Range (C)*

		12-13oC

		26-27oC

		13-15oC

		21-22oC

		14-15oC

		9-10oC



		Irmo Wind (mph)*

		Calm-SW@10 Gusts@21

		Calm-SW@9 Gusts@25

		Calm-SW@8; Gusts@17

		Calm-SSW@7; Gusts@12

		Calm-WSW@8 Gusts@13

		Calm-NE@8 Gusts@20



		Irmo Rainfall Rate (mm/hr)*

		None

		None

		None

		None

		None

		None



		Irmo Sky Conditions*

		BKN

		BKN

		BKN

		BKN

		BKN

		BKN





*Dutch Oaks, Irmo, SC; Latitude: N 34 ° 8 ' 49 '' ( 34.147 ° ); Longitude: W 81 ° 12 ' 54 '' ( –81.215 ° ); Elevation: 366 ft; Station Hardware: Oregon Scientific WMR968; Abbreviations: PC=Partly Cloudy, OVC=Overcast, FEW=Few Clouds, SCT=Scattered Clouds, CLR=Clear Skies, BKN=Broken Skies, RN = Rain

Table 5. Counts of waterfowl identified during aerial surveys of Lake Murray in 2007–2008.

		Survey Date:

		11/16/07

		12/12/07

		12/19/07

		1/7/08

		1/28/08

		2/21/08

		All Surveys



		Mallard

		4

		2

		38

		104

		2

		8

		158



		American Black Duck

		

		

		

		

		

		

		0



		Mottled Duck

		

		

		

		

		

		

		0



		Gadwall

		

		

		

		

		

		

		0



		American Wigeon

		

		

		

		

		

		

		0



		Green-Wing Teal

		

		

		

		

		

		

		0



		Blue-Wing Teal

		

		

		

		

		

		

		0



		Northern Shoveler

		

		

		

		

		

		

		0



		Northern Pintail

		

		

		

		

		

		

		0



		Wood Duck

		

		

		

		

		

		

		0



		Total Dabblers:

		4

		2

		38

		104

		2

		8

		158



		Redhead

		

		

		

		

		

		

		0



		Canvasback

		

		

		

		

		

		

		0



		Scaup spp.

		

		

		

		

		10

		

		10



		Ring-necked Duck

		

		

		

		

		

		

		0



		Common Goldeneye

		

		

		

		

		

		

		0



		Bufflehead

		

		

		

		

		

		

		0



		Ruddy Duck

		

		

		

		

		

		

		0



		Total Divers:

		0

		0

		0

		0

		10

		0

		10



		Scoter spp.

		

		

		

		

		

		

		0



		Long-tailed Duck

		

		

		

		

		

		

		0



		Harlequin Duck

		

		

		

		

		

		

		0



		Total Seaducks:

		0

		0

		0

		0

		0

		0

		0



		Merganser spp.

		

		

		

		

		

		

		0



		Unidentified Ducks

		

		

		

		

		

		

		0



		Total Ducks:

		4

		2

		38

		104

		12

		8

		168



		Brant

		

		

		

		

		

		

		0



		Snow Goose

		

		

		

		

		

		

		0



		White-Fronted Goose

		

		

		

		

		

		

		0



		Canada Goose

		20

		90

		161

		101

		69

		36

		477



		Total Geese:

		20

		90

		161

		101

		69

		36

		477



		Tundra Swan

		

		

		

		

		

		

		0



		Trumpeter Swan

		

		

		

		

		

		

		0



		Mute Swan

		

		

		

		

		

		

		0



		Total Swans:

		0

		0

		0

		0

		0

		0

		0



		American Coot

		

		

		

		

		200

		

		200



		Grand Total:

		24

		92

		199

		205

		281

		44

		845
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Figure 1.  Map of Lake Murray showing locations referred to in the report.
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Figure 2.  Lake Murray daily gage height (feet; full pool = 360feet) during March 1997–March 2008. Location: Latitude 34°03'07", Longitude 81°13'15" (NAD27), Lexington Co., SC, Hydrologic Unit 03050109; Description: Drainage area: 2,420.00 square miles; Datum of gage: –0.64 feet above sea level NGVD29. Source: U.S. Geological Survey National Water Information System.
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Figure 3.  Map of Lake Murray showing locations of waterfowl concentrations of >100 individuals observed during aerial surveys in 2006–2007.
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Figure 4.  Map of Lake Murray showing locations of waterfowl concentrations of >100 individuals observed during aerial surveys in 2007–2008.


Appendix 1. South Carolina Department of Natural Resources mid-winter waterfowl counts from Lake Murray.

		Survey Date:

		2003

		2004

		2005

		2006

		All Surveys



		Mallard

		26

		19

		2

		44

		91



		American Black Duck

		4

		

		

		

		4



		Mottled Duck

		

		

		

		

		0



		Gadwall

		

		

		

		

		0



		American Wigeon

		

		

		

		

		0



		Green-Wing Teal

		

		

		

		

		0



		Blue-Wing Teal

		

		

		

		

		0



		Northern Shoveler

		3

		

		

		

		3



		Northern Pintail

		

		

		

		

		0



		Wood Duck

		

		

		

		

		0



		Total Dabblers:

		33

		19

		2

		44

		98



		Redhead

		

		

		1

		

		1



		Canvasback

		

		

		

		

		0



		Scaup spp.

		2610

		1718

		2

		4

		4334



		Ring-necked Duck

		200

		1353

		34

		

		1587



		Common Goldeneye

		3

		

		

		

		3



		Bufflehead

		80

		40

		

		139

		259



		Ruddy Duck

		7

		

		

		

		7



		Total Divers:

		2900

		3111

		37

		143

		6191



		Scoter spp.

		

		

		

		

		0



		Long-tailed Duck

		

		

		

		

		0



		Harlequin Duck

		

		

		

		

		0



		Total Seaducks:

		0

		0

		0

		0

		0



		Merganser spp.

		

		

		5

		4

		9



		Unidentified Ducks

		

		4

		

		4

		8



		Total Ducks:

		2933

		3134

		44

		195

		6306



		Brant

		

		

		

		

		0



		Snow Goose

		

		

		

		

		0



		White-Fronted Goose

		

		

		

		

		0



		Canada Goose

		394

		86

		12

		56

		548



		Total Geese:

		394

		86

		12

		56

		548



		Tundra Swan

		

		

		

		

		0



		Trumpeter Swan

		

		

		

		

		0



		Mute Swan

		

		

		

		

		0



		Total Swans:

		0

		0

		0

		0

		0



		American Coot

		19500

		9000

		753

		125

		29378



		Grand Total:

		22827

		12220

		809

		376

		36232





SC Hwy 391


Bridge





Lowman Cr.





Hollow Cr.





Pine Is.





Goat Is.





Saluda Dam
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From: Shane Boring
To: Vivianne Vejdani ; Alan Stuart; Amanda Hill; Bill Argentieri; 

Gerrit Jobsis (American Rivers); Jennifer Price ; Jennifer Hand; Jim Glover; 
Randy Mahan; Ron Ahle; Shane Boring; Steve Summer; 

cc: Cheryl Balitz; 
Subject: Saluda Hydro Relicensing:  Final 2007 Lower Saluda Macroinvertebrate Report
Date: Friday, April 04, 2008 11:46:44 AM
Attachments: 2007 Lower Saluda Macroinvertebrate Report _Final;04042008….pdf 

Dear TWC Members: 
Attached for your records is the final report for the macroinvertebrate surveys conducted on the lower 
Saluda River during Fall 2007.  As you may remember, the surveys were conducted by and the report 
prepared by Dan Carnagey of Carnagey Biological Services.  Many thanks to those who provided valuable 
comments on the draft report.  Have a great weekend. 
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
    
Cheryl:  Please post to the relicensing website under Documents, Study Reports.  Thanks.
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I.  SUMMARY 
On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY 
BIOLOGICAL SERVICES, LLC (SCDHEC Laboratory Certification No. 32010), SOUTH 
CAROLINA ELECTRIC & GAS (SCE&G), and KLEINSCHMIDT ASSOCIATES 
conducted an instream benthic macroinvertebrate community rapid bioassessment on the 
lower Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) 
operated by SCE&G. Additionally, three replicate Hester Dendy multi-plate 
macroinvertebrate samplers were placed at each sampling station on 25 July 2007, allowed 
to colonize, and collected on 19 September 2007 to compare with the rapid bioassessment 
data. 
 
To determine if macroinvertebrate communities differed significantly between sampling 
stations, data were analyzed with linear regression. Regression analysis of the Hester Dendy 
data showed biotic conditions improved significantly as distance from the dam increased. 
This result was expected. Studies have demonstrated that rapid fluctuations in current 
velocity and water level associated with the operation of hydroelectric dams results in 
reduced diversity, by decreasing habitat and/or survival of habitat-specific taxa (Death, 
1995; Death and Winterbourn, 1995; Ward and Stanford, 1995; Valentin et al., 1995). As 
distance from the dam increases, the fluctuations in current velocity and water level are 
smaller and slower, resulting in improved biotic conditions. 
 
For the rapid bioassessment data, regression analysis showed no detectable trends in taxa 
richness, total abundance, or in percentage of the dominant taxon as a function of distance 
from the hydroelectric dam in July or in September. The July samples did show a significant 
increase in the EPT indices as distance from the dam increased. The September samples 
showed a significant increase in EPT index and EPT abundance values as distance from the 
dam increased. The September samples also showed a significant decrease in NCBI values 
as distance from the dam increased. This corroborates the Hester-Dendy data. 
 
Comparing the two methods, the Hester Dendy method detected trends among stations that 
were not statistically significant for the rapid bioassessment data. This may be due to the 
high sampling variability of rapid bioassessment samples. There is greater variability in the 
rapid bioassessment data because this method only samples the river margins, where habitat 
is less stable due to river level fluctuations. The Hester Dendy samplers provide a more 
stable habitat, and lower variability in the samples enables the detection of trends in the 
macroinvertebrate community. 
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II. INTRODUCTION 
On 25 and 30 July 2007 and 19 September 2007, personnel from CARNAGEY 
BIOLOGICAL SERVICES, LLC, SOUTH CAROLINA ELECTRIC & GAS (SCE&G), and 
KLEINSCHMIDT ASSOCIATES, conducted a benthic macroinvertebrate rapid 
bioassessment on the lower Saluda River downstream of the Saluda Hydroelectric Project 
(Lake Murray) operated by SCE&G. 
 
The hydroelectric dam produces electricity from water obtained from Lake Murray. This 
water is released into the lower Saluda River and can affect the benthic macroinvertebrate 
communities downstream in several ways. First, mechanical disturbance results from rapid 
changes in water level and current velocity during the production of power. This disturbance 
can reduce the amount of stable macroinvertebrate habitats, including stream banks, leaf 
packs, and fine sediment deposits (Stalnaker et al., 1989; Death, 1995; Ward and Stanford, 
1995; Valentin et al., 1995). Secondly, due to the thermal stratification of Lake Murray in 
summer, the release of anoxic water from the hypolimnion can reduce oxygen levels of the 
lower Saluda River. This can reduce the amount of suitable habitat for macroinvertebrates, 
which require oxygen to live. 
 
Due to a lack of reference or control stations, it is not possible to determine if operation of 
the hydroelectric dam (rapid, periodic fluctuations in water level and current velocity) has 
caused a reduction in the diversity and abundance of the macroinvertebrate community at 
the sampled locations. However, this study can answer the following questions: 


1)  Are there significant differences in the macroinvertebrate community as a function 
of distance from the hydroelectric dam? 


2)  What differences were found between rapid bioassessment and Hester Dendy multi-
plate sampler collection methods? 


 
III. DESCRIPTION OF THE STUDY AREA 
Six stations were sampled on the lower Saluda River, beginning directly downstream from 
the hydroelectric dam’s release and ending approximately 10.5 kilometers downstream 
(Figure 1). The first sampling site, Station TR, was established approximately 500 meters 
downstream from the hydroelectric dam. Available habitat consisted of thick mats of 
submerged aquatic macrophytes, submerged logs, some large boulders, and gravel. Some 
sand was also present. 
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Figure 1. Sampling locations for benthic macroinvertebrates collected from the lower Saluda River, downstream from the Saluda 
Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South 
Carolina. 
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The second sampling site, Station SPW, was located in the side channel formed by the dam's 
spillway. This channel was located approximately one kilometer downstream from the 
hydroelectric dam. When not in use, the spillway channel receives water only from seeps 
along the banks, leakage from spillway gates, and the backwater effect from the Saluda's 
mainstem. Available habitats included submerged aquatic macrophytes, vegetated banks, 
large rocks and boulders, and the gravel, sand and detritus that made up the channel bottom. 
 
The third river sampling site, Station MR, was located just upstream of the confluence with 
Twelve Mile Creek and approximately 4.5 kilometers downstream from the hydroelectric 
dam. Available habitats included submerged logs, aquatic macrophytes, snags, large rocks, 
vegetated banks, and the muddy channel bottom. 
 
The fourth river sampling site, Station LR, was located between the Interstate 20 and 
Interstate 26 bridges and approximately 8.5 kilometers downstream from the hydroelectric 
dam. Available habitats included submerged logs, snags, vegetated banks, a riffle area, and 
the muddy channel bottom. Large boulders were present in the deeper parts of the section. 
 
The fifth river sampling site, Station OB, was located near the Ocean Boulevard shoal area 
and approximately 9.5 kilometers downstream from the hydroelectric dam. Available 
habitats included submerged logs, snags, vegetated banks, large boulders and rocks, aquatic 
macrophytes, and the gravel and sand river bottom. This section has a large gravel riffle.  
 
The sixth river sampling site, Station ZO was located near the Riverbanks Zoo river access 
and approximately 10.5 kilometers downstream from the hydroelectric dam. Available 
habitats included submerged logs, snags, vegetated banks, and the muddy channel bottom. 
In addition, large boulders were present.  
 
Previous rapid bioassessments included other sampling sites. These stations included 
Stations UR and OX. Station UR was located in a shoal area of the main river channel, 
approximately 50 meters downstream of the spillway channel entrance and 30 meters from 
the north bank. Station OX was established in an oxbow pond on the south side of the main 
river channel, approximately 1.5 kilometers downstream from the hydroelectric dam. The 
oxbow pond is connected to the main river channel by a channel 50 meters wide and is 
flushed during periods of high water.   
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IV. MATERIALS AND METHODS 
A.  Field Procedures 
1. Rapid Bioassessment Samples 
Aquatic macroinvertebrates were qualitatively collected from all available habitats (e.g., 
stream margins, leaf packs, aquatic vegetation, water soaked logs and sand deposits) using a 
D-frame aquatic dip net and by picking organisms from substrates with forceps. Sampling 
was conducted along a 10-50 meter area at each location to the depth of approximately one 
meter. For each station, collections from all habitat types were pooled to form one aggregate 
sample and preserved in the field with 80% ethanol. Each sample represented 1.5 man-hours 
of sampling effort by experienced biologists. Sampling procedures were kept similar at each 
station to enable taxonomic and numerical population comparisons between stations. 
 
2.  Hester Dendy Samples 
Additionally, three replicate Hester Dendy multi-plate macroinvertebrate samplers were 
placed at five stations, allowed to colonize for seven weeks, and collected for analyses. The 
samplers were preserved in the field with 70% ethanol and returned to CARNAGEY 
BIOLOGICAL SERVICES, LLC for sample processing. Hester Dendy samplers were 
colonized from 25 July 2007 to 19 September 2007. 
 
3.  Physicochemical Measurements 
In conjunction with the macroinvertebrate assessment, water temperature, dissolved oxygen, 
pH, and conductivity were measured using a Yellow Springs Instruments Model 55 
Dissolved Oxygen meter and a Yellow Springs Instruments Model 63 Multimeter.   
 
B. Laboratory Procedures 
Upon return to the laboratory, the macroinvertebrates were removed from any debris with 
the aid of a stereo microscope, identified to the lowest positive taxonomic level, and 
enumerated using appropriate techniques and taxonomic keys. All specimens will be 
maintained by CARNAGEY BIOLOGICAL SERVICES, LLC, in a voucher collection for 
five years, or placed into the permanent reference collection. 
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C. Data Analysis 
To obtain the most information possible from the data, several types of analysis were 
performed. Bioassessment metrics allowed comparison of stations based on their overall 
taxonomic composition. Regression analyses detected trends in macroinvertebrate 
community composition with distance from the dam. Additionally, comparison of the July 
rapid bioassessment samples to the September rapid bioassessment samples was based on 
two-factor ANOVAs without replication. Data were log10(x+1) transformed prior to 
analysis. 
 
1.  Bioassessment Metrics 
Comparisons of the macroinvertebrate communities were based on changes in taxonomic 
composition between sampling sites and on the known tolerance levels and life history 
strategies of the organisms encountered. Changes in taxonomic composition were 
determined using the metrics outlined in Rapid Bioassessment Protocol III of Rapid 
bioassessment protocols for use in streams and rivers (Plafkin et al. 1989). These metrics 
include the following: 
 a) Taxa richness - The number of different taxa found at a particular location is an 
indication of diversity. Reductions in community diversity have been positively associated 
with various forms of environmental pollution, including nutrient loading, toxic substances, 
and sedimentation (Barbour et al., 1996; Fore et al., 1996; Rosenberg and Resh, 1993; 
Shackleford, 1988). 


 b) EPT Index - EPT Index is the number of taxa from the insect orders 
Ephemeroptera, Plecoptera and Trichoptera found at a station. These three insect orders are 
considered to be intolerant of adverse changes in water quality, especially temperature and 
dissolved oxygen, and therefore, a reduction in these taxa is indicative of reduced water 
quality (Barbour et al., 1996; Lenat, 1988). 


 c) Chironomidae taxa and abundance - The Chironomidae are a taxonomically and 
ecologically diverse group with many taxa which are tolerant of various forms of pollution. 
The chironomids are often the dominant group encountered at impacted or stressed sites 
(Rosenberg and Resh, 1993). 


 d) Ratio of EPT and Chironomidae abundance - The relative abundance of these four 
indicator groups is a measure of community balance. When comparing sites, good biotic 
conditions are reflected in a fairly even distribution among these four groups (Plafkin et al., 
1989). The value of this ratio is reduced by impact due to the general reduction of the more 
sensitive EPT taxa and an increase in the more tolerant chironomid taxa. 
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 e) Ratio of scraper/scraper and filtering collectors - When comparing sites, shifts in 
the dominance of a particular feeding type may indicate a community responding to an over-
abundance of a particular food source or toxicants bound to a particular food source 
(Rosenberg and Resh, 1993). 


 f) Shredder/total number of specimens collected - When comparing sites, reductions 
in the relative abundance of shredders can indicate changes in the quality or quantity of 
riparian zone vegetation or the presence of toxic substances bound to organic carbon 
contained in the leaf and woody material which comprises their food source (Plafkin et al., 
1989). 


 g) Percent contribution of dominant taxon - This measures the redundancy and 
evenness of the community structure. It assumes a highly redundant community reflects an 
impaired community because as the more sensitive taxa are eliminated, there is often a 
significant increase in the remaining tolerant forms (Barbour et al., 1996; Shackleford, 
1988). 


 h) North Carolina biotic index (NCBI) - NCBI = TViNi/N where TVi is the 
tolerance value for the ith  taxon, Ni is the abundance of the ith taxon, and N is the total 
abundance of all taxa in the sample. This index utilizes a pollution tolerance value 
developed over a wide range of conditions and pollution types and taxon abundance to 
assess the amount of impact (North Carolina Department of Environment, Health and 
Natural Resources, 1997). The values range from 0-10, increasing as water quality 
decreases. This metric appears to be adversely affected by the combination of low taxa 
richness and low abundance, often indicating better conditions than actually exist. 
 
2.  Regression Analyses 
a.  Rapid Bioassessment Data 
To detect trends in the macroinvertebrate community as a function of distance from the 
hydroelectric dam (sampling station), six linear regression analyses were performed on the 
rapid bioassessment data. Data were log10(x+1) transformed prior to regressing taxa 
richness, total abundance, EPT index, EPT abundance, NCBI values, and percentage of the 
dominant taxon on distance from the dam. Plots of data were constructed if any trends were 
detected (alpha ≤ 0.05) among stations. 
 
b.  Hester Dendy Data 
To detect trends in the macroinvertebrate community as a function of distance from the 
hydroelectric dam (sampling station), six linear regression analyses were performed on the 
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Hester Dendy data. Data were log10(x+1) transformed prior to regressing taxa richness, total 
abundance, EPT index, EPT abundance, NCBI values, and percentage of the dominant taxon 
on distance from the dam. Plots of data were constructed if any trends were detected (alpha 
≤  0.05) among stations. 
 
V. RESULTS 
A. Physicochemical Analysis 
 
The water chemistry data taken in conjunction with the macroinvertebrate assessment are 
presented in Tables 1 and 2.  
 
Table 1. Physicochemical data collected in conjunction with the macroinvertebrate 


assessments of the lower Saluda River downstream of the Saluda Hydroelectric 
Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, 25 and 30 July 2007. 


 
 Station 


Parameter TR SPW MR LR OB ZO 
Temperature (°C) 15.2 16.0 17.1 17.9 18.7 18.3 
Dissolved Oxygen (mg/l) 9.64 6.85 10.32 9.90 9.76 6.83 
pH (SU) 6.52 6.69 6.99 6.99 7.11 7.15 
Conductivity (μS/cm) 64.4 68.0 66.5 70.1 69.9 72.1 
 
Table 2. Physicochemical data collected in conjunction with the macroinvertebrate 


assessments of the lower Saluda River downstream of the Saluda Hydroelectric 
Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, 19 September 2007. 


 
 Station 


Parameter TR SPW MR LR OB ZO 
Temperature (°C) 17.7 17.7 17.8 18.3 18.4 18.3 
Dissolved Oxygen (mg/l) 8.92 8.86 10.78 9.68 9.15 8.76 
pH (SU) 6.73 6.40 6.83 6.71 6.91 7.12 
Conductivity (μS/cm) 105.6 89.3 87.2 89.7 86.8 90.0 
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B. Macroinvertebrate Community Analysis 
1.  Rapid Bioassessment Samples (25 and 30 July 2007) 
A total of 1123 specimens representing 69 taxa were collected from six sampling stations 
during this assessment. The number of specimens collected, their NCBI tolerance values, 
functional feeding groups, and relative abundance are presented in Table 3 for each station. 
Bioassessment metrics for each sampling station are presented in Table 4. Table 5 lists the 
number of specimens and relative abundance of dominant taxa (>5% of the collection) for 
each station. 
 
The sampling effort at Station TR yielded 214 specimens representing 22 taxa (Table 3). An 
EPT index of 4 was calculated for this station, and the NCBI value of 8.11 resulted in a 
water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and 
contributed 24% of the collection. The dominant functional feeding group was the scrapers, 
which contributed 47% of the collection. The dominant taxon was Dicrotendipes sp., 
contributing 21% of the specimens collected (Table 5). 
 
The sampling effort at Station SPW yielded 323 specimens representing 34 taxa (Table 3). 
An EPT index of 4 was calculated for this station, and the NCBI value of 7.48 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 7 taxa and 
contributed 13% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 26% of the collection. The dominant taxon was Gammarus sp., 
contributing 14% of the specimens collected (Table 5). 
 
The sampling effort at Station MR yielded 180 specimens representing 29 taxa (Table 3). 
An EPT index of 10 was calculated for this station, and the NCBI value of 6.60 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and 
contributed 6% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 53% of the collection. The dominant taxon was Caecidotea sp., 
contributing 19% of the specimens collected (Table 5). 
 
The sampling effort at Station LR yielded 214 specimens representing 26 taxa (Table 3). An 
EPT index of 11 was calculated for this station, and the NCBI value of 6.48 resulted in a 
water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 3 taxa 
and contributed 2% of the specimens collected. The dominant functional feeding group was 
the scrapers, which contributed 54% of the collection. The dominant taxon was Caecidotea 
sp., contributing 18% of the specimens collected (Table 5). 
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The sampling effort at Station OB yielded 192 specimens representing 26 taxa (Table 3). An 
EPT index of 10 was calculated for this station, and the NCBI value of 6.02 resulted in a 
water quality rating of “good-fair” (Table 4). The Chironomidae were represented by 5 taxa 
and contributed 4% of the specimens collected. The dominant functional feeding group was 
the collector-filterers, which contributed 34% of the collection. The dominant taxon was 
Baetis intercalaris, contributing 13% of the specimens collected (Table 5). 
 
The sampling effort at Station ZO yielded 185 specimens representing 40 taxa (Table 3). An 
EPT index of 9 was calculated for this station, and the NCBI value of 6.92 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by a 12 taxa 
and contributed 15% of the specimens collected. The dominant functional feeding group 
was the scrapers, which contributed 34% of the collection. The dominant taxon was 
Campeloma decisum, contributing 14% of the specimens collected (Table 5). 
 
Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 
0.05) in taxa richness, total abundance, EPT abundance, NCBI, or in percentage of the 
dominant taxon as a function of distance from the hydroelectric dam(Table 6). EPT indices 
increased significantly as a function of distance from the hydroelectric dam (Table 6, Figure 
2). 
 
2.  Rapid Bioassessment Samples (19 September 2007) 
A total of 1132 specimens representing 69 taxa were collected from six sampling stations 
during this assessment. The number of specimens collected, their NCBI tolerance values, 
functional feeding groups, and relative abundance are presented in Table 7 for each station. 
Bioassessment metrics for each sampling station are presented in Table 8. Table 9 lists the 
number of specimens and relative abundance of dominant taxa (>5% of the collection) for 
each station. 
 
The sampling effort at Station TR yielded 208 specimens representing 26 taxa (Table 3). An 
EPT index of 3 was calculated for this station, and the NCBI value of 8.29 resulted in a 
water quality rating of “poor” (Table 4). The Chironomidae were represented by 3 taxa and 
contributed 5% of the collection. The dominant functional feeding group was the predators, 
which contributed 37% of the collection. The dominant taxon was Enallagma sp., 
contributing 32% of the specimens collected (Table 5). 
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The sampling effort at Station SPW yielded 237 specimens representing 31 taxa (Table 3). 
An EPT index of 6 was calculated for this station, and the NCBI value of 7.87 resulted in a 
water quality rating of “poor” (Table 4). The Chironomidae were represented by 7 taxa and 
contributed 13% of the specimens collected. The dominant functional feeding groups were 
the predators and the scrapers, which each contributed 31% of the collection. The dominant 
taxon was Enallagma sp., contributing 19% of the specimens collected (Table 5). 
 
The sampling effort at Station MR yielded 201 specimens representing 27 taxa (Table 3). 
An EPT index of 7 was calculated for this station, and the NCBI value of 6.51 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 3 taxa and 
contributed 5% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 46% of the collection. The dominant taxon was Simulium 
confusum, contributing 15% of the specimens collected (Table 5). 
 
The sampling effort at Station LR yielded 215 specimens representing 32 taxa (Table 3). An 
EPT index of 12 was calculated for this station, and the NCBI value of 6.87 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and 
contributed 6% of the specimens collected. The dominant functional feeding group was the 
scrapers, which contributed 71% of the collection. The dominant taxon was Caecidotea sp., 
contributing 29% of the specimens collected (Table 5). 
 
The sampling effort at Station OB yielded 271 specimens representing 32 taxa (Table 3). An 
EPT index of 12 was calculated for this station, and the NCBI value of 6.70 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by 4 taxa and 
contributed 4% of the specimens collected. The dominant functional feeding group was the 
collector-filterers, which contributed 40% of the collection. The dominant taxon was 
Hydropsyche mississipiensis, contributing 20% of the specimens collected (Table 5). 
 
The sampling effort at Station ZO yielded 168 specimens representing 32 taxa (Table 3). An 
EPT index of 10 was calculated for this station, and the NCBI value of 6.49 resulted in a 
water quality rating of “fair” (Table 4). The Chironomidae were represented by a 3 taxa and 
contributed 4% of the specimens collected.  The dominant functional feeding group was the 
scrapers, which contributed 40% of the collection.  The dominant taxon was Maccaffertium 
modestum, contributing 10% of the specimens collected (Table 5). 
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Regression analysis of the rapid bioassessment data showed no detectable trends (alpha ≤ 
0.05) in taxa richness, total abundance, or in percentage of the dominant taxon as a function 
of distance from the hydroelectric dam(Table 9). EPT indices and EPT abundance increased 
significantly as a function of distance from the hydroelectric dam (Table 9, Figure 3). NCBI 
values decreased significantly as a function of distance from the hydroelectric dam (Table 9, 
Figure 3). 
 
3. Comparison of Rapid Bioassessment Samples from July and September 
Results of two-factor ANOVAs without replication to detect differences in taxa richness, 
total abundance, EPT index values, EPT abundance, NCBI values, and percent dominant 
taxon between samples collected on 25 and 30 July 2007 and 19 September 2007 are 
presented in Tables 11-16. Plots of the data are given in Figure 4. None of the metrics 
showed significant differences between the two months.  
 
4.  Hester Dendy Samples 
A total of 1784 specimens representing 57 taxa were collected from the six Hester Dendy 
stations. Three replicates were collected at each station, except Stations MR and OB, which 
only had two replicates retrieved at each. The number of specimens collected, their NCBI 
tolerance values, and functional feeding groups are presented in Table 17 for each sample. 
Bioassessment metrics for each sample are presented in Table 18. 
 
The bioassesment metrics indicated several differences between the stations. All replicates 
at Stations TR SPW, MR, and LR had “poor” NCBI water quality conditions. Station OB 
had a replicate with a “fair” NCBI rating and a replicate with a “good-fair” rating. All 
replicates at Station ZO had ratings of “fair”. Stations TR, SPW, MR, LR, and ZO were 
dominated by scrapers. TR had a single replicate dominated by collector-gatherers, SPW a 
single replicate dominated by omnivores, and ZO a single replicate dominated by collector-
gatherers. Station OB was dominated by collector-filterers. 
 
Regression analysis of the Hester Dendy samples showed significant increases (alpha ≤ 
0.05) in taxa richness with increasing distance from the hydroelectric dam (Table 19, Figure 
5). NCBI values and percentage of the dominant taxon both decreased significantly as 
distance from the hydroelectric dam increased (Table 19, Figure 5). Total abundance, EPT 
indices, and EPT abundance showed no significant difference with increasing distance from 
the hydroelectric dam. 
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VI. DISCUSSION 
Regression analysis of the Hester Dendy data showed biotic conditions improved 
significantly as distance from the dam increased. This result was expected, as studies have 
demonstrated that rapid fluctuations in current velocity and water level (associated with the 
operation of hydroelectric dams) results in reduced diversity, by decreasing habitat and/or 
survival of habitat-specific taxa (Death, 1995; Death and Winterbourn, 1995; Ward and 
Stanford, 1995; Valentin et al., 1995). As distance from the dam increases, the fluctuations 
in current velocity and water level are smaller and slower, resulting in improved biotic 
conditions. 
 
For the rapid bioassessment data, regression analysis showed no detectable trends in taxa 
richness, total abundance, or in percentage of the dominant taxon as a function of distance 
from the hydroelectric dam in July or in September. In addition, none of the metrics showed 
a significant difference when compared between the July sample and the September sample. 
The July samples did show a significant increase in the EPT indices as distance from the 
dam increased. The September samples showed a significant increase in EPT index and EPT 
abundance values as distance from the dam increased. The September samples also showed 
a significant decrease in NCBI values as distance from the dam increased. This supports the 
conclusion that as the distance from the dam increases, fluctuations in current velocity and 
water levels decrease and biotic conditions are improved. 
 
Comparing the two methods, the Hester Dendy method detected trends among stations that 
were not statistically significant for the rapid bioassessment data. This may be due to the 
high sampling variability of rapid bioassessment samples. There is greater variability in the 
rapid bioassessment data because this method only samples the river margins, where habitat 
is less stable due to river level fluctuations. The Hester Dendy samplers provide a more 
stable habitat, and lower variability in the samples enables the detection of trends in the 
macroinvertebrate community. 
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Table 3. Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six 
lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) 
operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007. 


 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
Annelida                             
 Hirudinea                             
  Rhynchobdellida                             
   Glossiphoniidae                             


1 Helobdella triserialis 9.20 P   1           0.00         
 Oligochaeta                             
  Haplotaxida                             
   Lumbricidae                             


2 Lumbricidae Genus species   SC 5           0.02           
  Lumbriculida                             
   Lumbriculidae                             


3 Lumbriculidae Genus species 7.03 SC 3 2         0.01 0.01         
  Tubificida                             
   Tubificidae                             


4 Tubifex tubifex 10.00 SC 15 18 11 16 3 6 0.07 0.06 0.06 0.07 0.02 0.03
Arthropoda                             
 Arachnoidea                             
  Acariformes                             
   Hydrachnidae                             


5 Hydrachna sp. 5.53 P 7 14   2 1 4 0.03 0.04   0.01 0.01 0.02
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
 Crustacea                             
  Amphipoda                             
   Gammaridae                             


6 Gammarus sp. 9.10 OM 35 46 4 6   15 0.16 0.14 0.02 0.03   0.08
Talitridae                             


7 Hyalella azteca 7.75 OM 9 13 1 1 5 8 0.04 0.04 0.01 0.00 0.03 0.04
  Cladocera                             
   Daphnidae                             


8 Daphnia sp.   CF   12       1   0.04       0.01
  Decapoda                             
   Cambaridae                             


9 Cambaridae Genus species   OM     1 1 3       0.01 0.00 0.02   
   Palaemonidae                             


10 Palaemonetes sp. 7.10 OM   3       1   0.01       0.01
  Isopoda                             
   Asellidae                             


11 Caecidotea sp. 9.11 SC 38 18 34 39 4 7 0.18 0.06 0.19 0.18 0.02 0.04
 Hexapoda                             
  Coleoptera                             
   Dytiscidae                             


12 Neoporus sp.   P     1     1     0.01     0.01
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Elmidae                             


13 Dubiraphia quadrinotata 5.93 CG     1           0.01       
   Haliplidae                             


14 Haliplus fasciatus 8.71 SH   8           0.02         
15 Peltodytes sexmaculatus 8.73 SH     1     2     0.01     0.01


  Diptera                             
   Ceratopogonidae                             


16 Bezzia/Palpomyia sp. 6.86 P   3           0.01         
   Chironomidae                             


17 Ablabesmyia mallochi 7.19 P 1         2 0.00         0.01
18 Ablabesmyia peleensis 9.67 P 2         1 0.01         0.01
19 Chironomus sp. 9.63 CG   1     1     0.00     0.01   
20 Clinotanypus sp.   P   1           0.00         
21 Cryptochironomus sp. 6.40 P     3     1     0.02     0.01
22 Dicrotendipes sp. 8.10 CG 44 31 3 1 2 5 0.21 0.10 0.02 0.00 0.01 0.03
23 Orthocladius sp. 5.94 SH 1   3     3 0.00   0.02     0.02


24 
Paralauterborniella 
nigrohalterale 4.77 CG     1           0.01       


25 Phaenopsectra obediens gr. 6.50 SC           5           0.03
26 Polypedilum flavum 5.78 SH   2           0.01         
27 Polypedilum illinoense gr. 9.00 SH 1 4       4 0.00 0.01       0.02


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Chironomidae cont.                             


28 Procladius sp. 9.10 P 2 1       2 0.01 0.00       0.01
29 Rheocricotopus robacki 7.28 CG       2 2         0.01 0.01   
30 Rheotanytarsus exiguus gr. 5.89 CF 1       2 1 0.00       0.01 0.01
31 Tanytarsus sp. 6.76 CF   2       2   0.01       0.01
32 Thienemanniella xena 5.86 CG           1           0.01
33 Thienemannimyia gr. 8.42 P       1 1 1       0.00 0.01 0.01


   Simuliidae                             
34 Simulium confusum 4.00 CF       7 19 8       0.03 0.10 0.04
35 Simulium tribulatum/venustrum 4.00 CF     20 32 7 1     0.11 0.15 0.04 0.01


   Tipulidae                             
36 Tipula sp. 7.33 SH         2           0.01   


  Ephemeroptera                             
   Baetidae                             


37 Baetis intercalaris 4.99 CG     4 13 25 12     0.02 0.06 0.13 0.06
38 Heterocloeon sp. 3.48 SC     17 12 12 4     0.09 0.06 0.06 0.02
39 Procloeon sp. 5.00 OM   7           0.02         
40 Pseudocloeon propinquum 5.77 CG     13 8 12 8     0.07 0.04 0.06 0.04


   Caenidae                             
41 Caenis sp. 7.41 CG 1 6         0.00 0.02         


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Heptageniidae                             


42 Maccaffertium modestum 5.50 SC       5 12         0.02 0.06   
43 Stenacron interpunctatum 6.87 SC   25 2 2 1 2   0.08 0.01 0.01 0.01 0.01


  Heteroptera                             
   Corixidae                             


44 Trichocorixa sp. 9.00 P   8       2   0.02       0.01
   Veliidae                             


45 Microvelia sp.   P   1       1   0.00       0.01
  Odonata                             
   Aeshnidae                             


46 Boyeria vinosa 5.89 P   2 2     1   0.01 0.01     0.01
   Coenagrionidae                             


47 Enallagma sp. 8.91 P 2 40       4 0.01 0.12       0.02
48 Ischnura posita 9.52 P   2 1 1       0.01 0.01 0.00     
49 Ischnura sp. 9.52 P   4           0.01         


   Gomphidae                             
50 Aphylla williamsoni   P   1           0.00         


   Libellulidae                             
51 Neurocordulia sp. 5.03 P   6           0.02         


  Trichoptera                             
   Brachycentridae                             


52 Micrasema wataga 2.63 SH     6 3         0.03 0.01     
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Hydropsychidae                             


53 Cheumatopsyche sp. 6.22 CF     9 15 4 21     0.05 0.07 0.02 0.11
54 Hydropsyche betteni 7.78 CF     2 2 22 1     0.01 0.01 0.11 0.01
55 Hydropsyche venularis 4.96 CF     4 1 11 1     0.02 0.00 0.06 0.01


   Hydroptilidae                             
56 Hydroptila sp. 6.22 SC 9   3 10     0.04   0.02 0.05     


   Lepidostomatidae                             
57 Lepidostoma sp. 0.90 SH         4           0.02   


   Leptoceridae                             
58 Mystacides sepulchralis 2.69 CG           1           0.01
59 Oecetis sp. 4.70 P 1   1   1   0.00   0.01   0.01   
60 Triaenodes ignitus 4.58 SH           1           0.01
61 Triaenodes injustus 2.47 SH   14           0.04         


   Polycentropodidae                             
62 Phylocentropus carolinus 6.20 CF 1           0.00           
63 Phylocentropus placidus 6.20 CF       1           0.00     


Mollusca                             
 Bivalvia                             
  Unionoida                             
   Corbiculidae                             


64 Corbicula fluminea 6.12 CF     1 2         0.01 0.01     
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 3. Continued. 
 
        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Sphaeriidae                             


65 Sphaeriidae Genus species   CF   2           0.01         
 Gastropoda                             
  Limnophila                             
   Physidae                             


66 Physa sp. 8.84 SC 15 8 16 22 17 9 0.07 0.02 0.09 0.10 0.09 0.05
   Planorbidae                             


67 Helisoma anceps 6.23 SC 15 14 13 9 6 4 0.07 0.04 0.07 0.04 0.03 0.02
  Mesogastropoda                             
   Viviparidae                             


68 Campeloma decisum   SC           26           0.14
Platyhelminthes                             
 Turbellaria                             
  Tricladida                             
   Planariidae                             


69 Dugesia tigrina 7.23 OM 6 3 2   13 5 0.03 0.01 0.01   0.07 0.03
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 4. Bioassessment metrics for the six lower Saluda River rapid bioassessment stations 
downstream from the Saluda Hydroelectric Project (Lake Murray) operated by 
SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 
and 30 July 2007. 


 
  Station 
Metric TR SPW MR LR OB ZO 
       
Taxa Richness 22 34 29 26 26 40 
Number of Specimens 214 323 180 214 192 185 
EPT Index 4 4 10 11 10 9 
EPT Abundance 12 52 61 72 104 51 
Chironomidae Taxa 7 7 4 3 5 12 
Chironomidae Abundance 52 42 10 4 8 28 
EPT/Chironomidae Abundance 0.23 1.24 6.10 18.00 13.00 1.82 
North Carolina Biotic Index 8.11 7.48 6.60 6.48 6.02 6.92 
SCDHEC Bioclassification 1.0 1.5 2.5 2.5 2.8 1.5 
             
Percent Collector-Filterers 0.93 4.95 20.00 28.04 33.85 19.46 
Percent Collector-Gatherers 21.03 11.76 12.22 11.21 21.88 14.59 
Percent Omnivores 23.36 22.29 4.44 3.74 10.94 15.68 
Percent Predators 7.01 26.01 4.44 1.87 1.56 10.81 
Percent Scrapers 46.73 26.32 53.33 53.74 28.65 34.05 
Percent Shredders 0.93 8.67 5.56 1.40 3.13 5.41 
             
Scraper/Scraper & Collector-Filterers 50.00 5.31 2.67 1.92 0.85 1.75 
Shredders/Total 0.01 0.09 0.06 0.01 0.03 0.05 
             
Percent Dominant Taxon 20.56 14.24 18.89 18.22 13.02 14.05 
Number Of Dominant Taxa 6 6 8 7 9 4 
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Table 5. Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the 
Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, 
South Carolina, 25 and 30 July 2007. 


 
Sta. TR    Sta. SPW    Sta. MR   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Dicrotendipes sp. 44 20.56  Gammarus sp. 46 14.24  Caecidotea sp. 34 18.89 


Caecidotea sp. 38 17.76  Enallagma sp. 40 12.38  
Simulium 
tribulatum/venustrum 20 11.11 


Gammarus sp. 35 16.36  Dicrotendipes sp. 31 9.60  Heterocloeon sp. 17 9.44 


Helisoma anceps 15 7.01 
Stenacron 
interpunctatum 25 7.74 Physa sp. 16 8.89 


Physa sp. 15 7.01 Caecidotea sp. 18 5.57 Helisoma anceps 13 7.22 
Tubifex tubifex 15 7.01 Tubifex tubifex 18 5.57 Pseudocloeon propinquum 13 7.22 
      Tubifex tubifex 11 6.11 
      Cheumatopsyche sp. 9 5.00 


   
 
 


Pseudocloeon 
propinquum 12 6.25 


 
    


    Hydropsyche venularis 11 5.73     
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Table 5  Continued. 
 
Sta. LR    Sta. OB    Sta. ZO   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Caecidotea sp. 39 18.22  Baetis intercalaris 25 13.02  Campeloma decisum 26 14.05 


Simulium 
tribulatum/venustrum 32 14.95  Hydropsyche betteni 22 11.46  Cheumatopsyche sp. 21 11.35 
Physa sp. 22 10.28  Simulium confusum 19 9.90  Gammarus sp. 15 8.11 
Tubifex tubifex 16 7.48  Physa sp. 17 8.85  Baetis intercalaris 12 6.49 
Cheumatopsyche sp. 15 7.01  Dugesia tigrina 13 6.77     
Baetis intercalaris 13 6.07 Heterocloeon sp. 12 6.25    


Heterocloeon sp. 12 5.61 
Maccaffertium 
modestum 12 6.25    


   
 
 


Pseudocloeon 
propinquum 12 6.25 


 
    


    Hydropsyche venularis 11 5.73     
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Table 6. Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, 
and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower 
Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA 
ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007. 


 
RBP July 2007:  taxa richness regressed on station   RBP July 2007:  EPT abundance regressed on station  


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.00420 0.46463 0.53289  Regression 1 0.21837 3.30676 0.14313 
Residual 4 0.03618    Residual 4 0.26415   
Total 5 0.04039      Total 5 0.48252     
           


RBP July 2007:  total abundance regressed on station   RBP July 2007:  NCBI value regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.01571 2.26430 0.20683  Regression 1 0.00515 6.62400 0.06174 
Residual 4 0.02775    Residual 4 0.00311   
Total 5 0.04346      Total 5 0.00825     
           


RBP July 2007:  EPT index regressed on station   RBP July 2007:  percentage of the dominant taxon regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.11577 10.79712 0.03033  Regression 1 0.00702 1.22523 0.33042 
Residual 4 0.04289    Residual 4 0.02291   
Total 5 0.15865    Total 5 0.02992     
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Figure 2.  Plot comparing NCBI data from rapid bioassessment samples collected from 
the lower Saluda River, downstream of the Saluda Hydroelectric Project 
(Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, collected 11 October 2006. 
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Table 7. Macroinvertebrates, their NCBI tolerance values (TV), functional feeding groups (FG), and relative abundance for the six 
lower Saluda River rapid bioassessment stations downstream from the Saluda Hydroelectric Project (Lake Murray) 
operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007. 


 
        No. of Individuals Relative Abundance 


Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
Annelida                             
 Hirudinea                             
  Rhynchobdellida                             
   Glossiphoniidae                             


1 Helobdella triserialis 9.20 P   2       1   0.01       0.01
 Oligochaeta                             
  Haplotaxida                             
   Lumbricidae                             


2 Lumbricidae Genus species   SC 2       1   0.01       0.00   
  Lumbriculida                             
   Lumbriculidae                             


3 Lumbriculidae Genus species 7.03 SC 4   2 1 1 1 0.02   0.01 0.00 0.00 0.01
  Tubificida                             
   Tubificidae                             


4 Tubifex tubifex 10.00 SC 4 5 6 2 4 1 0.02 0.02 0.03 0.01 0.01 0.01
Arthropoda                             
 Arachnoidea                             
  Acariformes                             
   Hydrachnidae                             


5 Hydrachna sp. 5.53 P 3 2 1 2     0.01 0.01 0.00 0.01     
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
 Crustacea                             
  Amphipoda                             
   Gammaridae                             


6 Gammarus sp. 9.10 OM 38 34 28 8 12 16 0.18 0.14 0.14 0.04 0.04 0.10
   Talitridae                             


7 Hyalella azteca 7.75 OM 7 23   10 2 3 0.03 0.10   0.05 0.01 0.02
  Cladocera                             
   Daphnidae                             


8 Daphnia sp.   CF           2           0.01
  Cyclopoida                             
   Cyclopidae                             


9 Eucyclops agilis   OM     1           0.00       
  Decapoda                             
   Cambaridae                             


10 Cambaridae Genus species   OM     1 1 3       0.00 0.00 0.01   
   Palaemonidae                             


11 Palaemonetes sp. 7.10 OM 1           0.00           
  Isopoda                             
   Asellidae                             


12 Caecidotea sp. 9.11 SC 19 32 22 63 9 5 0.09 0.14 0.11 0.29 0.03 0.03
  Ostracoda                             


13 Ostracoda Genus species   CF 1           0.00           
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
  Hexapoda                             
  Coleoptera                             
   Dytiscidae                             


14 Neoporus sp.   P     6           0.03       
   Elmidae                             


15 Ancyronyx variegatus 6.49 CG       1           0.00     
   Haliplidae                             


16 Haliplus fasciatus 8.71 SH 1           0.00           
17 Peltodytes sexmaculatus 8.73 SH 1     1 2 2 0.00     0.00 0.01 0.01


   Hydrophilidae                             
18 Tropisternus collaris 9.68 CG         3           0.01   


  Diptera                             
   Ceratopogonidae                             


19 Bezzia/Palpomyia sp. 6.86 P   2           0.01         
   Chironomidae                             


20 Ablabesmyia mallochi 7.19 P       3           0.01     
21 Ablabesmyia peleensis 9.67 P 1 1         0.00 0.00         
22 Cricotopus sp. 5.29 SH       1           0.00     
23 Dicrotendipes sp. 8.10 CG 9 14 5 7 4 3 0.04 0.06 0.02 0.03 0.01 0.02
24 Orthocladius sp. 5.94 SH   3 5   5 2   0.01 0.02   0.02 0.01
25 Phaenopsectra obediens gr. 6.50 SC   8           0.03         
26 Polypedilum illinoense gr. 9.00 SH 1 1   1 1   0.00 0.00   0.00 0.00   


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Chironomidae cont.                             


27 Procladius sp. 9.10 P   1       1   0.00       0.01
28 Rheocricotopus robacki 7.28 CG         1           0.00   
29 Tanytarsus sp. 6.76 CF   2           0.01         
30 Xylotopus par 5.99 CG     1           0.00       


   Simuliidae                             
31 Simulium confusum 4.00 CF     31 1 8 4     0.15 0.00 0.03 0.02
32 Simulium tribulatum/venustrum 4.00 CF 1   7   3 1 0.00   0.03   0.01 0.01


   Tipulidae                             
33 Tipula sp. 7.33 SH     2           0.01       


  Ephemeroptera                             
   Baetidae                             


34 Baetis intercalaris 4.99 CG     4   46 12     0.02   0.17 0.07
35 Heterocloeon sp. 3.48 SC   7 24 36 7 2   0.03 0.12 0.17 0.03 0.01
36 Procloeon sp. 5.00 OM   3           0.01         
37 Pseudocloeon propinquum 5.77 CG 1   9 7 7   0.00   0.04 0.03 0.03   


   Caenidae                             
38 Caenis sp. 7.41 CG 1           0.00           


   Heptageniidae                             
39 Maccaffertium modestum 5.50 SC     5 5 6 17     0.02 0.02 0.02 0.10
40 Stenacron interpunctatum 6.87 SC   2 2 9 2 1   0.01 0.01 0.04 0.01 0.01
41 Stenonema femoratum 7.18 SC   4   1 3     0.02   0.00 0.01   


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
  Heteroptera                             
   Corixidae                             


42 Trichocorixa sp. 9.00 P   7       4   0.03       0.02
   Gerridae                             


43 Aquarius conformis   P     1           0.00       
   Veliidae                             


44 Microvelia sp.   P 4           0.02           
  Odonata                             
   Aeshnidae                             


45 Anax longipes   P   3           0.01         
46 Boyeria vinosa 5.89 P   4 1     1   0.02 0.00     0.01


   Calopterygidae                             
47 Calopteryx sp. 7.78 P     1           0.00       


   Coenagrionidae                             
48 Argia bipunctulata 8.17 P   4           0.02         
49 Enallagma sp. 8.91 P 67 44   2     0.32 0.19   0.01     
50 Ischnura posita 9.52 P 1 2         0.00 0.01         


   Libellulidae                             
51 Neurocordulia sp. 5.03 P 1 2       4 0.00 0.01       0.02


* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
  Trichoptera                             
   Hydropsychidae                             


52 Cheumatopsyche sp. 6.22 CF       6 9 2       0.03 0.03 0.01
53 Hydropsyche betteni 7.78 CF   5 2 2 22 5   0.02 0.01 0.01 0.08 0.03
54 Hydropsyche mississippiensis   CF         55 12         0.20 0.07
55 Hydropsyche venularis 4.96 CF   1   2 10 16   0.00   0.01 0.04 0.10


   Hydroptilidae                             
56 Hydroptila sp. 6.22 SC 1   3 4 2 3 0.00   0.01 0.02 0.01 0.02


   Lepidostomatidae                             
57 Lepidostoma sp. 0.90 SH         3 2         0.01 0.01


   Leptoceridae                             
58 Mystacides sepulchralis 2.69 CG       1           0.00     


   Polycentropodidae                             
59 Neureclipsis crepuscularis 4.19 CF       1           0.00     


   Psychomyiidae                             
60 Lype diversa 4.05 SC       1           0.00     


Mollusca                             
 Bivalvia                             
  Unionoida                             
   Corbiculidae                             


61 Corbicula fluminea 6.12 CF       2 1         0.01 0.00   
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 7. Continued. 
 


        No. of Individuals Relative Abundance 
Seq Taxon TV FG TR SPW MR LR OB ZO TR SPW MR LR OB ZO 
   Sphaeriidae                             


62 Sphaeriidae Genus species   CF   1           0.00         
 Gastropoda                             
  Limnophila                             
   Ancylidae                             


63 Ferrissia sp. 6.55 SC 1           0.00           
   Physidae                             


64 Physa sp. 8.84 SC 29 8 6 21 22 2 0.14 0.03 0.03 0.10 0.08 0.01
   Planorbidae                             


65 Gyraulus parvus 4.23 SC       4   1       0.02   0.01
66 Helisoma anceps 6.23 SC 7 8 22 5 12 10 0.03 0.03 0.11 0.02 0.04 0.06


  Mesogastropoda                             
   Hydrobiidae                             


67 Somatogyrus virginicus 6.37 SC         3 8         0.01 0.05
   Viviparidae                             


68 Campeloma decisum   SC           16           0.10
Platyhelminthes                             
 Turbellaria                             
  Tricladida                             
   Planariidae                             


69 Dugesia tigrina 7.23 OM 2 2 3 4 2 8 0.01 0.01 0.01 0.02 0.01 0.05
* Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 8. Bioassessment metrics for the six lower Saluda River rapid bioassessment stations 
downstream from the Saluda Hydroelectric Project (Lake Murray) operated by 
SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 19 
September 2007. 


 
  Station 
Metric TR SPW MR LR OB ZO 
       
Taxa Richness 26 31 27 32 32 32 
Number of Specimens 208 237 201 215 271 168 
EPT Index 3 6 7 12 12 10 
EPT Abundance 3 22 49 75 172 72 
Chironomidae Taxa 3 7 3 4 4 3 
Chironomidae Abundance 11 30 11 12 11 6 
EPT/Chironomidae Abundance 0.27 0.73 4.45 6.25 15.64 12.00 
North Carolina Biotic Index 8.29 7.87 6.51 6.87 6.70 6.49 
SCDHEC Bioclassification 1.0 1.2 2.3 2.0 2.3 1.5 
             
Percent Collector-Filterers 0.96 3.80 19.90 6.51 39.85 25.00 
Percent Collector-Gatherers 5.29 5.91 9.45 7.44 22.51 8.93 
Percent Omnivores 23.08 26.16 16.42 10.70 7.01 16.07 
Percent Predators 37.02 31.22 4.98 3.26 0.00 6.55 
Percent Scrapers 32.21 31.22 45.77 70.70 26.57 39.88 
Percent Shredders 1.44 1.69 3.48 1.40 4.06 3.57 
             
Scraper/Scraper & Collector-Filterers 33.50 8.22 2.30 10.86 0.67 1.60 
Shredders/Total 0.01 0.02 0.03 0.01 0.04 0.04 
             
Percent Dominant Taxon 32.21 18.57 15.42 29.30 20.30 10.12 
Number Of Dominant Taxa 4 5 5 3 4 7 
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Table 9. Dominant taxa (>5% of the collection) for the six lower Saluda River rapid bioassessment stations downstream from the 
Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, 
South Carolina, 19 September 2007. 


 
Sta. TR    Sta. SPW    Sta. MR   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Enallagma sp. 67 32.21  Enallagma sp. 44 18.57  Simulium confusum 31 15.42 
Gammarus sp. 38 18.27  Gammarus sp. 34 14.35  Gammarus sp. 28 13.93 
Physa sp. 29 13.94  Caecidotea sp. 32 13.50  Heterocloeon sp. 24 11.94 
Caecidotea sp. 19 9.13 Hyalella azteca 23 9.70 Caecidotea sp. 22 10.95 
   


 
 Dicrotendipes sp. 14 5.91 


 
 Helisoma anceps 22 10.95 


           
Sta. LR    Sta. OB    Sta. ZO   
Taxon No. Rel. Abd.  Taxon No. Rel. Abd.  Taxon No. Rel. Abd. 
Caecidotea sp. 63 29.30  Hydropsyche 


i i i i i
55 20.30  Maccaffertium modestum 17 10.12 


Heterocloeon sp. 36 16.74  Baetis intercalaris 46 16.97  Campeloma decisum 16 9.52 
Physa sp. 21 9.77  Hydropsyche betteni 22 8.12  Gammarus sp. 16 9.52 
    Physa sp. 22 8.12  Hydropsyche venularis 16 9.52 
        Baetis intercalaris 12 7.14 
      Hydropsyche mississippiensis 12 7.14 
   


 
    


 
 Helisoma anceps 10 5.95 
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Table 10. Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, 
and percentage of the dominant taxon among sampling stations for the rapid bioassessment data collected at six lower 
Saluda River stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA 
ELECTRIC & GAS, Lexington County, South Carolina, 19 September 2007. 


 
RBP September 2007:  taxa richness regressed on station   RBP September 2007:  EPT abundance regressed on station  


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.00388 3.82791 0.12204  Regression 1 1.18591 10.99311 0.02950 
Residual 4 0.00406    Residual 4 0.43151   
Total 5 0.00794      Total 5 1.61741     
           


RBP September 2007:  total abundance regressed on station   RBP September 2007:  NCBI value regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.00050 0.08473 0.78546  Regression 1 0.00567 9.83703 0.03497 
Residual 4 0.02369    Residual 4 0.00231   
Total 5 0.02420      Total 5 0.00797     
           


RBP September 2007:  EPT index regressed on station   RBP September 2007:  percentage of the dominant taxon regressed on station  
Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.15729 16.55596 0.01524  Regression 1 0.02726 0.86567 0.40483 
Residual 4 0.03800    Residual 4 0.12594   
Total 5 0.19530      Total 5 0.15320     
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Figure 3. Plot comparing EPT indices from rapid bioassessment samples collected from 
the lower Saluda River, downstream of the Saluda Hydroelectric Project 
(Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, 
Lexington County, South Carolina, collected 19 September 2007. 
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Figure 3. Continued. 
 


NCBI September 2007


0


2


4


6


8


10


TR SPW MR LR OB ZO


Station


N
C


B
I v


al
ue


s


 
 







 


 


41


Table 11. Results of the two-factor ANOVA without replication to detect differences in 
taxa richness between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for Taxa Richness 


Source of Variation SS df MS F P-value F crit 
Station 0.03320 5 0.00664 2.19517 0.20423 5.05033 
Month 0.00054 1 0.00054 0.17978 0.68919 6.60789 
Error 0.01513 5 0.00303    
Total 0.04887 11     


 
Table 12. Results of the two-factor ANOVA without replication to detect differences in 


total abundance between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for Total Abundance 


Source of Variation SS df MS F P-value F crit 
Station 0.04551 5 0.00910 2.05498 0.22403 5.05033 
Month 0.00001 1 0.00001 0.00220 0.96441 6.60789 
Error 0.02215 5 0.00443    
Total 0.06767 11         


 
Table 13. Results of the two-factor ANOVA without replication to detect differences in 


EPT index values between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for EPT Index values 


Source of Variation SS df MS F P-value F crit 
Station 0.32522 5 0.06504 11.31868 0.00933 5.05033 
Month 0.00030 1 0.00030 0.05155 0.82938 6.60789 
Error 0.02873 5 0.00575    
Total 0.35425 11         


 
Table 14. Results of the two-factor ANOVA without replication to detect differences in 


EPT Abundance between samples collected on 25 and 30 July 2007 and 19 
September 2007. 


 
ANOVA for EPT Abundance 


Source of Variation SS df MS F P-value F crit 
Station 1.89295 5 0.37859 9.14559 0.01485 5.05033 
Month 0.02863 1 0.02863 0.69172 0.44347 6.60789 
Error 0.20698 5 0.04140    
Total 2.12857 11     







 


 


42


Table 15. Results of the two-factor ANOVA without replication to detect differences in 
NCBI between samples collected on 25 and 30 July 2007 and 19 September 
2007. 


 
ANOVA for NCBI 


Source of Variation SS df MS F P-value F crit 
Station 0.01495 5 0.00299 11.72379 0.00863 5.05033 
Month 0.00031 1 0.00031 1.20907 0.32162 6.60789 
Error 0.00128 5 0.00026    
Total 0.01654 11     


 
Table 16. Results of the two-factor ANOVA without replication to detect differences in 


percent dominant taxon between samples collected on 25 and 30 July 2007 and 
19 September 2007. 


 
ANOVA for Percent Dominant Taxon 


Source of Variation SS df MS F P-value F crit 
Station 0.12919 5 0.02584 2.39509 0.17989 5.05033 
Month 0.01770 1 0.01770 1.64065 0.25643 6.60789 
Error 0.05394 5 0.01079    
Total 0.20082 11     


 







 


 


43


Figure 4. Plots comparing data from rapid bioassessment samples collected on 25 and 
30 July 2007 and 19 September 2007 from the lower Saluda River, 
downstream of the Saluda Hydroelectric Project (Lake Murray) operated by 
SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South 
Carolina. 
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Figure 4. Continued. 


 


EPT Index 2007


0
2
4
6
8


10
12
14


TR SPW MR LR OB ZO


Station


E
PT


 In
de


x


 
 
 


EPT Abundance 2007


0


50


100


150


200


TR SPW MR LR OB ZO


Station


E
PT


 A
bu


nd
an


ce


 
 
 
 
 
 
 







 


 


45


 
Figure 4. Continued. 
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Table 17. Macroinvertebrates, their NCBI tolerance values (TV) and functional feeding groups (FG) for the six lower Saluda River 
Hester Dendy stations downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA 
ELECTRIC & GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007 


 
        No. of Individuals 


Seq Taxon TV FG T
R


1 


T
R
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R


3 
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O
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O
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Z
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Z
O


2 


Z
O
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Annelida                                     
 Hirudinea                                     
  Rhynchobdellida                                     
   Glossiphoniidae                                     


1 Helobdella triserialis 9.20 P               1 3   1           
   Piscicolidae                                     


2 Myzobdella sp.   P       2                         
 Oligochaeta                                     
  Lumbriculida                                     
   Lumbriculidae                                     


3 Lumbriculidae Genus species 7.03 SC   1 2 5   1 1 3                 
  Tubificida                                     
   Naididae                                     


4 Dero sp. 9.00 SC                             1   
   Tubificidae                                     


5 Tubifex tubifex 10.00 SC 1 3 3       2 1   2 4 4 3   1 1 
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 


Seq Taxon TV FG T
R
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Arthropoda                                     
 Crustacea                                     
  Amphipoda                                     
   Gammaridae                                     


6 Gammarus sp. 9.10 OM 19 10 13 26 6 12 46 21 4 13 7 2   3 2 1 
   Talitridae                                     


7 Hyalella azteca 7.75 OM 18 3 1 80 5 31 7 10 23 21 16 1   6 2 2 
  Decapoda                                     
   Cambaridae                                     


8 Cambaridae Genus species   OM         1                       
  Isopoda                                     
   Asellidae                                     


9 Caecidotea sp. 9.11 SC 64 23 18 90 40 167 73 50 32 40 33 17   3 3 10 
 Ostracoda                                     


10 Ostracoda Genus species   CF           3                 1   
 Hexapoda                                     
  Coleoptera                                     
   Elmidae                                     


11 Ancyronyx variegatus 6.49 CG                   2 7     1 1 1 
12 Dubiraphia quadrinotata 5.93 CG                           51 8 9 


Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 


Seq Taxon TV FG T
R
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   Elmidae cont.                                     
13 Dubiraphia sp. 5.93 CG                 1         1 2 1 
14 Macronychus glabratus 4.58 CG                 1   3 2 2     2 
15 Stenelmis sp. 5.10 SC                             1   


   Hydrochidae                                     
16 Hydrochus sp. 6.55 SH                       1         


  Diptera                                     
   Chironomidae                                     


17 Ablabesmyia mallochi 7.19 P               2 3 1 2           
18 Corynoneura sp. 6.01 CG     1       4           1       
19 Dicrotendipes sp. 8.10 CG 5 65 38 4 4 18 7 3   1   1         
20 Nanocladius sp. 7.07 CG           1 1                   
21 Orthocladius sp. 5.94 SH   1         3         6 5       
22 Parachironomus sp. 9.42 P                     1           
23 Phaenopsectra obediens gr. 6.50 SC         2                       
24 Phaenopsectra punctipes gr. 6.50 SC                 1               
25 Polypedilum fallax gr. 6.39 SH               1                 
26 Polypedilum flavum 5.78 SH                         1       
27 Polypedilum illinoense gr. 9.00 SH             1     1 1           
28 Rheocricotopus robacki 7.28 CG 1 1           1   1             


Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 


Seq Taxon TV FG T
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   Chironomidae cont.                                     
29 Rheotanytarsus exiguus gr. 5.89 CF                       4 2       
30 Thienemannimyia gr. 8.42 P                       2         
31 Xestochironomus sp.   P                     2   1       


   Tipulidae                                     
32 Antocha sp. 4.25 CG                       7 2       
33 Tipula sp. 7.33 SH                   1             


  Ephemeroptera                                     
   Baetidae                                     


34 Baetis sp. 4.71 CG               1         2       
   Heptageniidae                                     


35 Maccaffertium modestum 5.50 SC               3       2 4     1 
36 Stenacron interpunctatum 6.87 SC         2 1 3 1 7 3 6 4   1     


  Heteroptera                                     
   Veliidae                                     


37 Microvelia sp.   P             1   2     1         
  Odonata                                     
   Aeshnidae                                     


38 Boyeria vinosa 5.89 P                               1 
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 
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   Coenagrionidae                                     
39 Argia bipunctulata 8.17 P                           1     
40 Enallagma sp. 8.91 P                           1     


  Trichoptera                                     
   Brachycentridae                                     


41 Micrasema sp.   SH             1 2         2       
   Hydropsychidae                                     


42 Cheumatopsyche sp. 6.22 CF     1       3 1     2 18 23   2   
43 Hydropsyche betteni 7.78 CF                       17 9       
44 Hydropsyche mississippiensis   CF                       17 5       
45 Hydropsyche venularis 4.96 CF                       34 39   1   


   Hydroptilidae                                     
46 Hydroptila sp. 6.22 SC 2 25 12   3 1 62 6 4 1 2 11 6 1 2   


   Leptoceridae                                     
47 Oecetis avara 4.70 P                   4 4     2 1   
48 Triaenodes sp. 4.46 SH               1         1       


   Polycentropodidae                                     
49 Cernotina sp.   P         1 1   1 2               
50 Phylocentropus placidus 6.20 CF                 6 1 5 2     2   


Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
 
        No. of Individuals 
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Mollusca                                     
 Bivalvia                                     
  Unionoida                                     
   Corbiculidae                                     


51 Corbicula fluminea 6.12 CF       5       1     4     2 3 3 
 Gastropoda                                     
  Limnophila                                     
   Ancylidae                                     


52 Ferrissia sp. 6.55 SC       4   1 1 1           1     
   Physidae                                     


53 Physa sp. 8.84 SC     2       3 11 2 8 15 2   6 3 2 
   Planorbidae                                     


54 Gyraulus parvus 4.23 SC   1                       7 1   
55 Helisoma anceps 6.23 SC 3 7 3 4 5 1 1 1 2 2   1 1 1 3   


  Mesogastropoda                                     
   Hydrobiidae                                     


56 Somatogyrus virginicus 6.37 SC                           31 13 12 
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 17. Continued. 
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Platyhelminthes                                     
 Turbellaria                                     
  Tricladida                                     
   Planariidae                                     


57 Dugesia tigrina 7.23 OM                   2 1     4 5   
Functional feeding groups: CF = collector-filterer, CG = collector-gatherer, OM = omnivore, P = predator, SC = scraper, SH = shredder 
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Table 18. Bioassessment metrics for the six lower Saluda River Hester Dendy stations downstream from the Saluda Hydroelectric 
Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, South Carolina, 25 and 
30 July 2007 to 19 September 2007. 


 
Metric TR1 TR2 TR3 SPW1 SPW2 SPW3 MR1 MR2 LR1 LR2 LR3 OB1 OB2 ZO1 ZO2 ZO3 
      
Taxa Richness 8 11 11 9 10 12 18 22 15 17 19 22 18 18 21 13 
Number of Specimens 113 140 94 220 69 238 220 123 93 104 116 156 109 123 58 46 
EPT Index 1 1 2 0 3 3 4 8 4 4 5 8 9 3 5 1 
EPT Abundance 2 25 13 0 6 3 69 16 19 9 19 105 91 4 8 1 
Chironomidae Taxa 2 3 2 1 2 2 5 4 2 4 4 4 5 0 0 0 
Chironomidae Abundance 6 67 39 4 6 19 16 7 4 4 6 13 10 0 0 0 
EPT/Chironomidae Abundance 0.33 0.37 0.33 0.00 1.00 0.16 4.31 2.29 4.75 2.25 3.17 8.08 9.10 - - - 
North Carolina Biotic Index 8.36 7.96 8.04 8.04 8.02 8.27 7.71 7.97 7.79 8.04 7.76 6.84 6.05 6.83 6.83 7.29 
SCDHEC Bioclassification 1.0 1.0 1.0 1.0 1.0 1.0 1.3 1.5 1.2 1.0 1.2 2.0 2.8 1.5 1.5 1.5 
      
Percent Collector-Filterers 0.00 0.00 1.06 2.27 0.00 0.00 1.36 1.63 6.45 0.96 9.48 58.97 71.56 1.63 13.79 6.52 
Percent Collector-Gatherers 5.31 47.14 41.49 1.82 5.80 9.24 5.45 4.07 2.15 3.85 8.62 6.41 6.42 43.09 20.69 28.26
Percent Omnivores 32.74 9.29 14.89 48.18 17.39 18.07 24.09 25.20 29.03 34.62 20.69 1.92 0.00 10.57 15.52 6.52 
Percent Predators 0.00 0.00 0.00 0.91 1.45 0.42 0.45 3.25 10.75 4.81 8.62 1.92 0.92 3.25 1.72 2.17 
Percent Scrapers 61.95 42.86 42.55 46.82 75.36 72.27 66.36 62.60 51.61 53.85 51.72 26.28 12.84 41.46 48.28 56.52
Percent Shredders 0.00 0.71 0.00 0.00 0.00 0.00 2.27 3.25 0.00 1.92 0.86 4.49 8.26 0.00 0.00 0.00 


Scraper/Scraper & Collector-Filterers - - 40.00 20.60 - - 48.67 38.50 8.00 56.00 5.45 0.45 0.18 25.50 3.50 8.67 
Shredders/Total 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.02 0.01 0.04 0.08 0.00 0.00 0.00 
      
Percent Dominant Taxon 56.64 46.43 40.43 40.91 57.97 70.17 33.18 40.65 34.41 38.46 28.45 21.79 35.78 41.46 22.41 26.09
Number Of Dominant Taxa 3 5 4 3 5 4 3 4 4 4 6 6 4 3 7 4 
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Table 19. Results of the linear regressions to detect differences in taxa richness, total abundance, EPT index, EPT abundance, NCBI, 
and percentage of the dominant taxon among sampling stations for the Hester Dendy data collected on the lower Saluda 
River, downstream from the Saluda Hydroelectric Project (Lake Murray) operated by SOUTH CAROLINA ELECTRIC & 
GAS, Lexington County, South Carolina, 25 and 30 July 2007 to 19 September 2007. 


 
Hester Dendy 2007: taxa richness regressed on station Hester Dendy 2007: EPT abundance regressed on station 


Source of Variation df SS F P-value Source of Variation df SS F P-value 


Regression 1 0.15502 19.10946 0.00064  Regression 1 0.37939 1.12929 0.30591 
Residual 14 0.11357    Residual 14 4.70337   
Total 15 0.26859    Total 15 5.08276     


           
Hester Dendy 2007: total abundance regressed on station  Hester Dendy 2007: NCBI value regressed on station 


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.09918 2.84034 0.11408  Regression 1 0.00963 16.65633 0.00112 
Residual 14 0.48885    Residual 14 0.00809   
Total 15 0.58803    Total 15 0.01772   


           
Hester Dendy 2007: EPT index regressed on station  Hester Dendy 2007: percentage of the dominant taxon regressed on station 


Source of Variation df SS F P-value  Source of Variation df SS F P-value 


Regression 1 0.32324 5.50206 0.03425  Regression 1 0.16642 18.93456 0.00066 
Residual 14 0.82249    Residual 14 0.12305   
Total 15 1.14573      Total 15 0.28947     
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Figure 5. Plot comparing data from Hester Dendy samples collected from the lower 
Saluda River, downstream of the Saluda Hydroelectric Project (Lake Murray) 
operated by SOUTH CAROLINA ELECTRIC & GAS, Lexington County, 
South Carolina, retrieved 05 and 19 September 2007. 
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Figure 5. Continued. 
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From: Shane Boring
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; 

Bob Seibels (bseibels@yahoo.com); Gerrit Jobsis (American Rivers); 
J. Hamilton Hagood; Jennifer Hand; Jim Glover; Randy Mahan; Ron Ahle; 

Subject: Saluda Rare, Threatened and Endangered Species Assessment
Date: Thursday, January 31, 2008 12:47:50 PM
Attachments: Saluda RTE Assessment Draft 2008-01-21.doc 

RTE Assessment-Appendix B --Species of highest concern.doc 
Saluda RTE Assessment - Appendix A.pdf 
Saluda RTE Assessment - Fig 1.pdf 

Dear RT&E TWC Members: 
Attached for your review is updated draft of the Rare, Threatened and Endangered Species Assessment 
for Saluda Hydro.  There are a couple of noteworthy changes since the last draft.  First, the list of 
"highest conservation concern" species from the SC Comprehensive Wildlife Conservation Strategy 
(CWCS) has been incorporated as Appendix B.  In addition, two species listed as threatened or 
endangered at the state level, but not at the federal level (Rafinesque's big-eared bat and Pine Barrens 
tree frog), have been added.  Finally, Saluda darter has been removed from the assessment at this 
point.  After talking with Fritz Rohde and Joe Quattro, the latest research suggests that what was 
formerly known as Saluda darter appears to be the same species as Carolina darter.  Since Carolina 
darter is not state or federally listed, it has been removed from the assessment at this time.  Please keep 
in mind that habitat for this species is being considered as part of the IFIM process.   
If possible, please have comments to me by Thursday, February 28th.  I will be in touch within the next 
week in hopes of convening a conference call sometime around the 28th to discuss comments and 
hopefully finalize the document. 
Please note that Figure1 and Appendices A and B are included as separate files due to file format 
issues.   
  
Thanks, 
Shane 
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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1.0 INTRODUCTION

The Saluda Hydro project is a 202.6 megawatt (MW) licensed hydroelectric facility located on the Saluda River in Lexington, Newberry, Richland, and Saluda counties of South Carolina and is owned and operated by South Carolina Electric & Gas (Figure 1).  The project consists of Lake Murray, the Saluda Dam, the new back-up Saluda Berm, spillway, powerhouse, intakes, and penstocks.  The project is currently licensed by the Federal Energy Regulatory Commission (FERC No. 516) and the present license is due to expire in the year 2010.


To initiate the Project relicensing process, SCE&G prepared and issued the Initial Consultation Document (ICD) on April 29, 2005.  The Licensee submitted the document to a number of state and federal resource agencies for their review and comment.  In response to the ICD, the United States Fish and Wildlife Service (USFWS), South Carolina Department of Natural Resources (SCDNR), National Marine Fisheries Service (NMFS), and several Non-governmental Organizations (NGO’s) requested a number of studies to assess the potential impacts of Project operations on natural resources, including an assessment of potential impacts to rare, threatened and endangered species.

1.1 Consultation History


In comments issued in response to the ICD, the USFWS provided a list of all known rare, threatened and endangered (RT&E) species occurring in the four county region surrounding the Project (See letter dated August 1, 2005; Appendix A).  NMFS provided a listing of species of concern and candidate species on November 7, 2007.  This includes a revised listing of species of concern and candidate species that was placed in the Federal Register on October 17, 2006.  Those lists included all known species that are currently listed as federally endangered or threatened, species that are candidates for federal listing, as well as federal species of concern.   The USFWS suggested that the Licensee conduct a literature-based review to determine habitat requirements for these species and compare these with available habitat types in the Project area.  The USFWS and NMFS indicated that field surveys for these species should be performed if suitable habitat is found to exist in the Project area.

As part of relicensing, SCE&G formed a Rare, Threatened and Endangered Species Technical Working Committee (RT&E TWC) to determine any impacts to rare, threatened and endangered species with respect to continued operation of the Project.  The RT&E TWC is comprised of representatives from state and federal resource agencies (i.e., SCDNR, NMFS and USFWS), representatives from several NGO’s, and other stakeholders.  The TWC has met three times thus far during relicensing to discuss the status of RT&E species occurring in the Project vicinity and potential strategies for addressing issues related to RT&E species.  A comprehensive listing of RT&E TWC meetings held to date is provided in Table 2.

1.2 Species Included in Assessment


This assessment includes 12 species identified by the USFWS and NMFS as occurring or potentially occurring in the four counties surrounding the Saluda Hydro Project that are federally listed as threatened or endangered or are candidates for federal listing (See USFWS letter dated August 1, 2005 and NMFS letter November 7, 2007).  In addition, the assessment includes six federal species of concern identified by state or federal agency representatives during the consultation process as potentially occurring in the Project area or otherwise being of conservation concern.  Bald eagle, which was recently de-listed under the Endangered Species Act of 1973, is included in this assessment due to its protection under the Bald and Golden Eagle Protection Act of 1938.  Finally, the assessment includes two species that are state listed as threatened or endangered, but are not listed at the federal level.  Species covered by this assessment are summarized in Table 1.

Table 1:
Federally and State Threatened and Endangered Species, Federal Candidate Species, and Selected Federal Species of Concern Occurring or Potentially Occurring in the Four County Region Surrounding the Saluda Hydroelectric Project (FERC No. 516)


		COMMON NAME

		SCIENTIFIC NAME

		FEDERAL STATUS1

		STATE STATUS2

		DOCUMENTED IN PROJECT AREA

		COUNTIES3



		Birds



		Bald eagle

		Haliaeetus leucocephalus

		P4

		E

		X

		Lexington, Newberry, Richland, Saluda



		Red-cockaded woodpecker

		Picoides borealis

		E

		E

		

		Lexington, Richland, Saluda



		Wood stork

		Mycteria americana

		E

		E

		X

		Newberry



		Amphibians



		Pine Barrens tree frog

		Hyla andersonii

		

		T

		

		Richland



		Mammals



		Rafinesque's big-eared bat

		Corynorhinus rafinesquii

		

		E

		

		Richland



		Fish



		Blueback herring

		Alosa aestivalis

		SC

		

		

		



		Alewife

		Alosa pseudoharengus

		SC

		

		

		



		Atlantic sturgeon

		Acipenser oxyrhynchus

		C

		

		

		



		Robust Redhorse Sucker

		Moxostoma robustum

		SC

		

		

		Lexington (possible)



		Saluda darter

		Etheostoma saludae

		SC

		SC

		X

		Lexington, Richland, Saluda, Newberry



		Shortnose sturgeon

		Acipenser brevirostrum

		E

		E

		

		Lexington (possible), Richland





		Invertebrates



		Carolina heelsplitter

		Lasmigona decorata

		E

		E

		

		Lexington (possible), Newberry (possible), Richland (possible), Saluda (possible)



		Saluda crayfish

		Distocambarus youngineri

		SC

		SC

		

		Newberry



		Plants



		Canby's dropwort

		Oxypolis canbyi

		E

		E

		

		Richland



		Georgia aster

		Aster georgianus

		C

		SC

		

		Richland



		Little amphianthus

		Amphianthus pusillus

		T

		T

		

		Saluda



		Piedmont bishop-weed

		Ptilimnium nodosum

		E

		E

		

		Saluda



		Rough-leaved loosestrife

		Lysimachia asperulaefolia

		E

		E

		

		Richland



		Schweinitz's sunflower

		Helianthus schweinitzii

		E

		E

		

		Lexington



		Rocky Shoal's spider-lily

		Hymenocallis coronaria

		SC

		

		

		Lexington, Richland



		Smooth coneflower

		Echinacea laevigata

		E

		E

		

		Lexington (possible), Richland





1 Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).

2 State Status - E (State-listed as Endangered); T (State-listed as Threatened); SC (State species of concern).


3 Counties of occurrence based on a combination of USFWS and SCDNR county listings.


4 Bald eagle was removed from the list of federally threatened and endangered species on June 28, 2007; however, the species remains federally protected under the Migratory Bird Treaty Act and the Bald and Golden Eagle Protection Act.

Table 2:
Summary of Saluda Hydro Relicensing Rare, Threatened and Endangered Species Technical Working Committee Meetings

		MEETING DATE

		LOCATION

		TOPICS DISCUSSED



		July 26, 2006

		SCE&G Offices at Carolina Research Park, Columbia, SC

		Rocky Shoals Spider Lily, Species tracking



		May 3, 2006

		SCE&G Offices at Carolina Research Park, Columbia, SC

		Wood Stork, Species tracking



		March 8, 2006

		SCE&G Lake Murray Training Center, Columbia, SC

		Status of key species, strategies for addressing species in relicensing



		October 30, 2007

		SCE&G Environmental Offices, Columbia, SC

		Review of draft Rare, Threatened and Endangered Species Assessment





Figure 1:
Location Map for the Saluda Hydroelectric Project (FERC No. 516)


2.0 SPECIES DESCRIPTIONS AND ANALYSES

2.1 Bald Eagle

Bald eagles may be found throughout North America, typically around water where they feed primarily on fish and scavenge carrion.  The species thrives around bodies of water where adequate food exists and human disturbance is limited.  Eagles nest in large trees near water and typically use the same nest for several years, making repairs to it annually (Degraaf and Rudis, 1986).


Status in the Project Area

Foraging habitat for bald eagle is abundant in the Project area, and bald eagle sightings are common around both Lake Murray and the lower Saluda River.  In addition, there are seven active documented bald eagle nests on Lake Murray as well as one active nest on the lower Saluda River (T. Murphy, SCDNR, unpublished data).

Determination of Effect


Bald eagles inhabiting the Lake Murray and lower Saluda River are well habituated to and are tolerant of the presence of human activity; thus continued use of the reservoir and river for recreation are not expected to result in any negative effects to eagle foraging.  Continued operation of the Project is likewise no likely to result in negative effects on eagle nesting.  SCDNR endangered species staff annually provide SCE&G Lake Management staff with updated information regarding the location and status of nests in the Lake Murray and LSR vicinity.  SCE&G utilized this information to minimize potential impacts of shoreline management activities on eagle nests.  Specifically, SCE&G refrains from issuing shoreline permits for activities within 660 ft of an active nest during the nesting season (September through May) and 330 ft during the non-nesting season (T. Boozer, SCANA Services, Pers. Comm.).  This policy is in adherence to the USFWS habitat guidelines for nesting bald eagles.  SCE&G also frequently consults with USFWS Ecological Services staff for activities proposed in the vicinity of known nests.   

2.2 Red-Cockaded Woodpecker


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine ecosystems in the southeastern United States (USFWS, 2003).  Over 97% of the pre-colonial era RCW population has been eradicated, leaving only 14,000 RCWs living in 5,600 colonies scattered across eleven states, including South Carolina.  RCW decline is generally attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due to logging, agriculture, fire suppression, and other factors (USFWS, 2003).  Suitable nesting habitat generally consists of open pine forests and savannahs with large, older pines and minimal hardwood midstory or overstory.  Living trees, especially older trees that are susceptible to red-heart disease making them more easily excavated, provide the RCWs preferred nesting cavities.  Suitable foraging habitat consists of open-canopy mature pine forests with low densities of small pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb groundcover (USFWS, 2003).

Status in the Project Area

There are no known reports of red-cockaded woodpeckers from areas surrounding Lake Murray or the lower Saluda River.  Further, there is no known longleaf pine savanna habitat in the Project vicinity.

Determination of Effect


Based on this lack of suitable habitat, it is very unlikely that this species occurs in the Saluda Project vicinity and thus would not be affected by continued operation of the Project.

2.3 Wood Stork

Wood storks are colonial waterbirds that typically nest in large rookeries and feed in flocks (USFWS, 1997).  Typical foraging habitats include narrow tidal creeks, flooded tidal pools, and freshwater marshes and wetlands.  Like most other wading birds, storks feed primarily on small fish.  However, because wood storks feed by tactilocation, depressions where fish become concentrated during periods of falling water levels are particularly attractive sites (USFWS, 1997).  Storks typically use tall cypresses or other trees near water for colonial nest sites.  Nests are usually located in the upper branches of large trees and several nests are typically located in each tree.  Trees utilized for nesting and roosting typically provide easy access from the air and an abundance of lateral limbs (USFWS, 1997). Currently, nesting of the species in the U.S. is thought to be limited to the coastal plain of South Carolina, Georgia, and Florida (USFWS 1997).


Status in the Project Area

Although they are primarily birds of freshwater and brackish wetlands along the coastal plain, wood storks were reported from several locations in the Lake Murray area in recent years.  Specifically, a local resident reported observing wood storks feeding at several locations in the Bush River and Big Creek embayments of upper Lake Murray during the period from approximately 2000 through 2004.  In addition, approximately 60 storks were observed feeding at various locations in the middle Saluda River and the upper portion of Lake Murray during an aerial survey for bald eagles performed by the SCDNR in early August 2004.  In response to these sightings, SCE&G, in coordination with the USFWS and SCDNR, conducted an aerial reconnaissance survey in the upper portions of Lake Murray on August 27, 2004.  During this survey, biologists from SCDNR and Kleinschmidt documented approximately 60 wood storks foraging within the Saluda Project Boundary, as well as two potential nesting sites along the floodplain of the middle Saluda River (Tosity Creek and Silverstreet).


Under the current FERC operating license, SCE&G is required to submit 5 year updates to the Lake Murray Shoreline Management Plan (FERC Order ¶ 61,332, June 1, 1984).  In an order approving and amending SCE&G’s most recent update, which was submitted on February 1, 2000, the FERC requested that SCE&G designate the two identified wood stork “roosting and foraging habitats” near Bush River as “conservation areas” (FERC Order No. 20040623-3015).  Further, the order required that these areas, as well as all other wood stork roosting and foraging habitat identified within the project boundary, remain protected and undeveloped until new evidence is submitted to indicate that protection of these areas is not warranted.  In response to the wood stork sightings on Lake Murray and the subsequent FERC order, SCE&G initiated consultation efforts with the SCDNR and USFWS and developed a study plan aimed at documenting where and under what conditions wood storks were utilizing habitats within the Saluda Hydro Project Boundary and in the project vicinity (Kleinschmidt, 2004).

In accordance with the Lake Murray Wood Stork Study Plan (Kleinschmidt 2004), aerial surveys were performed monthly during February through November of 2005 and 2006.  No wood storks were observed during more than 13 hours of aerial surveys during 2005 (Kleinschmidt, 2005).  A limited number of storks were observed in the Project area during August and September of the 2006 survey season (Kleinschmidt, 2007).  Specifically, a single juvenile wood stork was observed soaring above the Saluda River upstream of Lake Murray during the August survey, and an additional 10 – 12 were observed in the same general area during the September 15, 2006 survey - 6 foraging in a farm pond off of the Saluda mainstem just downstream of the Highway 121 bridge and 4 to 6 (4 confirmed, 2 suspected) soaring and feeding in wetlands adjacent to the wood chipping plant near Silverstreet.

The surveys likewise failed to document nesting of wood storks in the study area.  Study results found the Tosity Creek or Silverstreet sites, which were identified as being potential wood stork nesting areas during reconnaissance surveys and associated agency consultation, to be great blue heron nests, with both nesting adults and pre-flight juveniles observed during both 2005 and 2006 (Kleinschmidt, 2005; 2007).  The lack of nesting in the study area is consistent with the known life-history of wood storks as a coastal nesting species (USFWS, 1997).  In South Carolina, all nesting colony sites currently known are located in the coastal plain, and primarily in the coastal counties (Murphy, 2005).


Timing of wood stork observations during 2006 (August and September), suggested that these were likely post-dispersal migrants from coastal nesting sites.  During the late-summer/early-fall period, when chicks have fledged and adults are no longer tied to the nest site by chick rearing, adult and juvenile wood stork dispersing from nesting colonies often undertake extensive migrations to exploit ephemeral food resources prior to returning to coastal areas for the winter months.  In South Carolina and Georgia, young-of-year storks typically fledge during July and August, but return to the nest for an additional 3 to 4 weeks to be fed before finally dispersing from the colony site in August and September (USFWS, 1996).  Storks dispersing post-breeding from southern US colonies (Florida, Georgia, and South Carolina) have been documented as far north as North Carolina and as far west as Mississippi and Alabama (USFWS, 1996).

SCE&G met with representatives from the USFWS and SCDNR via conference call on February 8, 2007, to discuss the status of wood stork monitoring on Lake Murray.  Both SCDNR and USFWS concurred with the findings of the 2006 Wood Stork Monitoring Report (Kleinschmidt, 2007), agreeing that no nesting of wood stork in the Project area was evident based on study results.  Due to the limited nature of stork activities observed in the Project vicinity, the agencies concurred with recommendations to discontinue further wood stork surveys on Lake Murray and that continued protection of the areas identified in the FERC order as wood stork “conservation areas” was no longer warranted or necessary.

Determination of Effect

Wood stork usage of the Saluda Project area appears sporadic and extremely limited in nature and thus is unlikely to be affected by operation of the Project.

2.4 Rafinesque’s Big-eared Bat

Rafinesque’s big eared bat is a colonial bat species native to the southeastern U.S.  Two subspecies are recognized in South Carolina, C. rafinesquii rafinesqii in the mountains and C. r. macrotis along the Coastal Plain (Bunch et al., 2005).  Rafinesque’s big-eared bat is nocturnal, feeding by echolocation, primarily on moths.  Coastal plain and sandhills populations of the species utilize I-beam and T-beam bridges for roosting, while roosting in mountainous regions of the state occurs in large hollow trees (typically large tulip poplars), abandoned buildings and mines, rock shelters, and caves.  Habitat in the Blue Ridge Mountains includes rock outcrops, mesic and cove hardwood forests, forested bottomlands, bottomland agricultural fields, dry deciduous forests, pine woodlands, and forested riparian areas.  Coastal zone and sandhills habitats include black gum stands, bald cypress swap forests, maritime forests, and mature hardwood and mixed forests (Bunch et al., 2005).


 Status in Project Area


The range of Rafinesque’s big-eared bat in South Carolina includes the coastal plain and sandhills regions and the extreme northwestern Blue Ridge, with the piedmont representing a gap in the species’ distribution (Bunch et al., 2005).  As such, it is extremely unlikely that this species would occur in the Saluda Project vicinity.  

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.5 Pine Barren Tree Frog


The pine barrens tree frog inhabits the swamps, bogs and acidic brownwater streams of the New Jersey Pine Barrens, as well as the pocosins (shrub bogs) of the Carolinas (Conant and Collins, 1991).  This species is intolerant of closed-canopy conditions and is restricted to localized wetlands such as hillside seepage bogs within dry uplands, pine barrens, and headwater swamps and disperses along drainages within these areas (NatureServe 2007). Nonbreeding habitat generally is in pine-oak areas adjacent to breeding habitat.  Important egg-laying and larval habitats include open cedar swamps and sphagnaceous, shrubby, acidic, seepage bogs on hillsides below pine-oak ridges.  


For southeastern populations, typical habitats are characterized by the topography, soils, and vegetation of the Carolina Sandhills, with pocosin or evergreen shrub swamps established along seeps and small streams within the surrounding longleaf pine-oak forest.  Breeding habitat in South Carolina has been described as low vegetation with dense growth of Sphagnum mosses.  Cely and Sorrow (1986) found that occurrences in South Carolina appeared to be restricted to the Fall Line Sandhills at elevations ranging between 61 and 122 m. 

Status in Project Area


The area surrounding the Saluda Hydro Project lacks the Carolina sandhills habitat and associated bogs and pocosins required by this species; therefore it is extremely unlikely that Pine Barren tree frog would occur in the Project vicinity.  


Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.6 Shortnose Sturgeon

Much of the Santee Basin, including the portion of the Saluda Basin encompassed by the Saluda Project, is thought to be within the historic range of the shortnose sturgeon (Welch, 2000; Newcomb and Fuller; 2001).  In the Santee Basin, the shortnose sturgeon is believed to be amphidromous, migrating between freshwater and mesohaline reaches, and ascending to inland riverine reaches on annual spawning runs (NMFS, 1998; Cooke et al., 2004).  In northern rivers migratory spawning runs of this species usually occur in early February to mid-March when water temperatures approach 9 – 14° C (Kynard, 1997).  In southern rivers spawning runs may occur as late as mid April (Bolden, NMFS, Personal Communication, 2007).  Shortnose sturgeon spawning has been documented in the Congaree River near Columbia over substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C,  and dissolved oxygen concentrations of 10.6-12.5 mg/L (Collins et al., 2003).   Shortly after spawning, shortnose sturgeon larvae begin movements downstream, and young of the year may remain in freshwater reaches for their first year of life before moving downstream as juveniles to lower river reaches near the saltwater interface (Kynard, 1997).

Status in the Project Area


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper dams (lakes Marion and Moultrie) in the lower reaches of the Santee-Cooper basin (Collins et al., 2003).  An additional dam-locked spawning population of shortnose sturgeon has been documented within and upstream of the Santee-Cooper Lakes, with Lake Marion and its tributaries harboring the most significant population, and an upstream spawning site located in the upper Congaree River.   Radio-telemetry studies conducted by the SCDNR have documented migration of Lake Marion shortnose sturgeon as far upstream as the Gervais Street Bridge on the Congaree River, which is adjacent to the City of Columbia and just downstream of the confluence of the Broad and Saluda rivers (J. Gibbons, SCDNR, Pers. Comm.).  NMFS considers the potential present range of shortnose sturgeon to include all accessible waters below the Saluda, Wateree, and Columbia Dams (P. Brownell, NMFS, Personal communication).

In response to anadromous fish studies requested by the NMFS and SCDNR during the initial stages of the Saluda Project relicensing, SCE&G developed and implemented a Shortnose Sturgeon Study Plan (Kleinschmidt, 2006).  The primary objective of this study was to document whether or not shortnose sturgeon are utilizing areas of  the lower Saluda and upper Congaree rivers downstream of the Project.  Implemented during the 2007 migratory season, the study includes gillnet sampling for adult and juvenile sturgeon, as well as D-net samples for eggs and larvae, at four downstream locations: two in the lower Saluda and two in the upper Congaree (immediately upstream and downstream of the Granby Lock and Dam).  Approximately 400 hours of gillnetting during the 2007 season resulted in no captures of adult or juvenile sturgeon; likewise, no eggs or larval sturgeon were captured during the sampling period (Kleinschmidt, 2007).    

Determination of Effect

Initial study results  suggest that shortnose sturgeon are absent from accessible areas immediately downstream of the Saluda Hydro Project or are present in extremely low numbers. These findings are consistent with preliminary results of telemetry studies being conducted by the SCDNR, which found that none of the Lake Marion sturgeon implanted with sonic transmitters were detected in the LSR despite the presence of a receiver array (J. Gibbons, SCDNR, Pers. Comm.).   Available study data is likely insufficient to determine or rule out potential effects of Saluda Project operations on shortnose sturgeon movements and habitat use in accessible reaches of the Saluda River. 

2.7 Atlantic sturgeon

The Atlantic sturgeon is a large (up to 5.5m), long-lived (up to 60 years) anadromous species native to Atlantic Coast drainages from Labrador to Florida (Marcy et al., 2005).  Atlantic sturgeon is currently considered by the USFWS as a candidate for federal listing as threatened or endangered (71 R 61022).  Stocks of the species are considered imperiled, primarily due to overharvesting for flesh and eggs (caviar) during the early – to – mid-20th Century, and secondarily, due to habitat degradation and blockage of access to historical spawning grounds (NMFS, 1998a).  In the Santee Basin, Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and Fuller, 2001).

The Atlantic sturgeon is considered estuarine anadromous, spending most of it life in estuarine and ocean environments and undertaking spawning migrations into riverine systems during late-winter and spring months (NMFS, 1998a; Marcy et al, 2005).  In southeastern rivers, female Atlantic sturgeon reach sexual maturity at age 7 to 19 and spawn only once in a 2 to 6 year period (NMFS, 1998a).  Males of the species reach maturity between age 8 and 12 years (Marcy et al., 2005).  Spawning typically occurs over hard bottoms of clay, rubble, or gravel, with running water and temperatures of 14 - 24°C.  After spawning, females typically return to estuarine environments within 4 to 6 weeks, while males may remain in the river through the fall.  Juveniles of this species remain in the natal rivers for 3 to 5 years before migrating to the ocean (Marcy et al., 2005).


Status in the Project Area


The status of Atlantic sturgeon upstream from the Santee Cooper Dams is uncertain; however three adults have been recovered upstream from the dams in recent years (P. Brownell, NMFS, Pers. Comm.).  Like shortnose sturgeon, Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and Fuller, 2001).  Current upstream distribution in the Santee Basin is likely limited by the lack of passage for Atlantic sturgeon at the Santee Cooper Dams (P. Brownell, NMFS, Pers. Comm.).  As with shortnose sturgeon, NMFS considers the potential present range of shortnose sturgeon to include all accessible waters below the Saluda, Wateree, and Columbia Dams (P. Brownell, NMFS, Personal communication).    

Determination of Effect

As previously noted regarding shortnose sturgeon, results of gillnetting and D-shaped egg net surveys conducted in the LSR  suggest that Atlantic sturgeon are absent from accessible areas immediately downstream of the Saluda Hydro Project. These findings are consistent with preliminary results of telemetry studies being conducted by the SCDNR, which found that none of the Lake Marion sturgeon implanted with sonic transmitters were detected in the LSR despite the presence of a receiver array (J. Gibbons, SCDNR, Pers. Comm.).   Available study data is insufficient to determine or rule out potential effects of Saluda Project operations on Atlantic sturgeon movements and habitat use in accessible reaches of the Saluda River.

2.8 Alewife and Blueback Herring

Alewife and blueback herring collectively range from Labrador to Florida, and overlap in distribution from South Carolina to Nova Scotia (Bigelow and Schroeder, 1953). They are sometimes colloquially referred to as “river herring” although they have distinct traits and appearance. Spawning is usually separated for these species in rivers by both space and time.  


Adults of both of these anadromous species generally return to native rivers each spring to spawn (Pardue, 1983).  Alewife generally spawn in slow-flowing river reaches or in ponds and lakes (Loesch 1987), while blueback herring prefer to spawn in relatively swift flow (Loesch, 1987).  When further upstream migration is blocked, spawning may occur for both species at the same location, for example below a dam.  However, the alewife favor shore-bank eddies or deep pools, while bluebacks concentrate in the main stream flow.  Alewife tend to spawn at cooler water temperatures (5-10 oC) than blueback herring (10-15 oC).  This tends to put them 3-4 weeks apart in a given locality within their overlapping range (Loesch, 1987).  Adults broadcast spawn (i.e. no nests), and eggs are transported downstream planktonically.  After hatching, juveniles occupy estuarine or low-gradient relatively shallow freshwater habitats (i.e. not riffles or fast runs) during the remainder of summer, until emigration from freshwater begins in late summer or early fall.  Juvenile alewives hatched in ponds and lakes generally remain within the pond until cued to begin emigration.

Status in Project Area

In South Carolina, alewife have not been recorded south of the Pee Dee River since approximately 1950 (P. Brownell, NMFS, Pers. Comm.; NOAA Fisheries, 2007).  Blueback herring runs in the Santee are among the highest of Atlantic coast river basins (P. Brownell, NMFS, Pers. Comm.).  However, gillnetting effort conducted during the 2005 and 2006 migratory seasons in support of the current relicensing yielded no captures of blueback herring in the LSR (Isely, 2005; Isley, 2006).  Periodic electorifishing  by SCDNR and SCE&G environmental staff have likewise yielded no blueback herring captures (H. Beard, SCDNR, Pers. Comm.; S. Summer, SCANA Services, Pers. Comm.).  These data suggest that blueback herring entering the Santee system are either not utilizing the LSR or are utilizing it in extremely low numbers.  

Determination of Effect

Alewife and blueback herring have not been documented in the LSR in recent history. Therefore continued operation of the Saluda Hydro Project is expected to result in No Effect on these species.  

2.9 Robust Redhorse Sucker


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being “rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric Project (FERC No. 1951), fisheries scientists knew little about its life history and habitat requirements.  As a result, Georgia Power Company, along with state and federal resource agencies, other hydropower interests and the Georgia Wildlife Federation, formed the Robust Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in lieu of listing under the Endangered Species Act (ESA).  Subsequent research has produced valuable information about robust redhorse and its habitat requirements.  However, much research is still needed as little is known about the habitat preferences of juvenile robust redhorse.

Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river where the current is moderately swift.  Preferred habitat is riffle areas or in/near outside bends where depths are greater and accumulations of logs and other woody debris are present (Evans, 1997).  Spawning typically occurs at water temperatures from 18 – 24° C, usually over gravel substrate in deep and shallow water (Hendricks, 1998).

Status in the Project Area


There are no known collections of robust redhorse from the lower Saluda River.  Juvenile robust redhorse have been stocked by the SCDNR in the adjacent Broad River Basin below the Neal Shoals dam and below the Parr Shoals dam.  In addition to stocking in the Broad River, juvenile robust redhorse have also been stocked by SCDNR in the Wateree River in the Santee Basin (SCDNR, 2005).

Determination of Effect


Due to lack of occurrence of this species in the Project area, continued operation of the Saluda Hydro Project is likely to result in No Effect on this species.

2.10 Saluda Crayfish


The Saluda crayfish is a terrestrial burrowing crayfish of the genus Distocambarus and is endemic to South Carolina (Eversole, 2007).   Although knowledge of its habitat requirements is limited, the Saluda crayfish typically has been found in poorly drained areas where the ground is saturated during the rainy season (November – March) (Eversole, 2007; Hobbs and Carlson, 1985).  Saluda crayfish have been documented from a range of site types including low, moist woodlands; a machine-maintained powerline; and a manicured lawn.  Sites are generally isolated from floodplains and streams, although some have been found in low moist areas near the headwaters of streams (colluvial valleys).  Analyses performed by Eversole (Welch and Eversole, 2002) found a close association between occurrence of Saluda Crayfish and the presence of a perched water-table, as well as presence of Chewacla, Worsham, Toccoa-Cartecay, Enon, and Sedgefield soil types (Eversole, 2007).

Status in the Project Area

Currently, the Saluda crayfish is known from only 14 sites, all of which are located in Newberry County (Eversole, 2007).  The known range of the species encompasses portions of the Tyger, Enoree, Lower Broad, and Saluda River basins.  The closest confirmed Saluda crayfish site to the Project area (Georges Loop) is approximately 1.2 miles from the Project boundary in a wooded site at the headwaters of a small tributary to Beaverdam Creek (approximately 0.3 miles south of the State Secondary Road 83 crossing at Beaverdam Creek) (Eversole, 2007).  An anlaysis of soil types occurring within 2 miles of this site was performed using USDA digital soils data (USDA, 2007).  A custom soils report for the area revealed limited areas of Tocoa and Cartecay sandy loams along the Saluda River floodplain, upstream of the Project reservoir, but within the Project Boundary.  Although extremely limited in extent (< 6% of the total area), these data suggest that, at least from a soils standpoint, some habitat for Saluda crayfish may exist within the Project.


Determination of Effect


Populations of Saluda crayfish potentially occurring within the Project Boundary are unlikely to be directly affected by continued operation of the Project, as the areas identified as potential habitat are located upstream of the influence of the Lake Murray pool.  In addition, these areas are currently designated as “forest and game management” lands and thus would not be subject to shoreline activities, such as dock building.

2.11 Carolina Heelsplitter


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as federally endangered (Price, 2005).  Although it was once found in large rivers and streams, the Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or no fine sediment, and periodic natural flooding, appear to be required for the Carolina heelsplitter (USFWS, 2002).

Status in the Project Area

A freshwater mussel survey of Lake Murray, its tributaries, and the lower Saluda and upper Congaree rivers was conducted during summer 2006 in support of the Saluda Hydro Project relicensing (Alderman, 2006).  The survey found 15 species of native freshwater mussels within the study area; however, Carolina heelsplitter was not among the species found.   Live specimens and relict shells of the species have been documented in Red Bank Creek just south of the City of Saluda, near the highway 65 and highway 107 road crossings (T. Savidge, Pers. Comm.; L. Zimmerman, USFWS, Pers. Comm.).  ,Red Bank Creek enters the Little Saluda River approximately 7.5 miles upstream of Lake Murray pool.   

Determination of Effect


Since Carolina heelsplitter has not been documented in the Project area, continued operation of the Project is expected to result in No Effect on the species.

2.12 Canby’s Dropwort


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet meadows, wet pineland savannas, ditches, sloughs, and around the edges of Cypress-pine ponds (USFWS, 1990a). The healthiest populations seem to occur in open bays or ponds which are wet most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a medium to high organic content and a high water table. They are also acidic, deep, and poorly drained.

Status in the Project Area 

Canby’s dropwort is a coastal plain species and thus would not be expected to occur in the Project area.

Determination of Effect

Because Canby’s dropwort is not expected to occur in the Project area, continued operation of the Project would likely result in No Effect on the species.

2.13 Georgia Aster


Georgia aster is a relict species of post oak savanna/prairie communities that existed in the southeast prior to widespread fire suppression and extirpation of large native grazing animals (USFWS, 2001).  Typical habitat consists of dry oak-pine flatwoods and uplands in the piedmont of North Carolina, South Carolina, Georgia, and Alabama.  Georgia aster occupies a variety of dry, upland habitats. The primary controlling factor appears to be the availability of light. The species is a good competitor with other early successional species, but tends to decline when shaded by woody species. Populations can persist for some undetermined length of time in the shade, but these rarely flower, and reproduce only by rhizomatous expansion. Soils vary from sand to heavy clay, with pH ranging from 4.4 to 6.8 (USFWS, 2001).

Status in the Project Area


There are no populations of Georgia aster known from the Saluda Project area.  However, consultation with SCDNR Heritage Staff revealed that some potential exists for this species to occur in frequently disturbed sites, such as transmission line rights-of-way and frequently mowed road shoulders (B. Pittman, SCDNR, Pers.Comm.).

Determination of Effect

Populations of Georgia aster potentially inhabiting the Saluda Project area could be affected by use of herbicides during roadside and transmission line right-of-way maintenance.  Routine mowing of these areas would not be expected to result in negative effects, as mowing is generally thought to benefit this species by removing woody competitors (USFWS, 2001).

2.14 Little Amphianthus


Little amphianthus is a rooted aquatic plant restricted to eroded depressions on flat-to-doming granitic (either granite or granite-gneiss) outcrops (USFWS, 1993).  These outcrops are similar in appearance, but may differ geologically as igneous, quartzitic, gneissic, or porphyritic granite. These endemics typically occur in shallow flat-bottomed pools found on the crest and flattened slopes of unquarried outcrops. These pools range in size from 0.3 square meters to 10 square meters; the vast majority of these pools range from 0.5 to 1 square meter. These pools retain water for several weeks following heavy rains and completely dry out with summer droughts. They are usually several meters in diameter and are circular or irregularly-shaped due to the coalescence of adjacent pools.  This species is typically found in association with two other granite outcrop species: black-spored quillwort (Isoetes melanospora) and mat-forming quillwort (Isoetes tegetiformans), all of which are restricted to the Piedmont physiographic province of the southeastern U.S. (USFWS, 1993).

Status in the Project Area


There are no populations of this species known from the Saluda Project area. Further, consultation with SCDNR Heritage Program staff confirmed that occurrence of this species in the Piedmont of South Carolina is restricted to eroded pools on flat or domed granitic outcrops, and that suitable habitat for the species likely does not occur in the Project vicinity (B. Pittman, SCDNR, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.15 Piedmont Bishop-Weed


Piedmont bishop-weed (also know as harperella) is a slender, erect annual herb (to 47 in. in height) with hollow quill-shaped leaves and clusters of small white flowers that bloom in July and August (USFWS, 1990b).  It typically occurs in two habitat types: (1) rocky or gravel shoals and margins of clear, swift-flowing stream sections; and (2) edges of intermittent pineland ponds in the coastal plain.  In both habitats, occurrence is limited to a narrow range of water depths, as the species is intolerant of both dry conditions and deeper water.  In addition, harperella appears to be particularly dependant on moderately intensive spring floods for germination, seed dispersal, and control of competing species.  It is readily eliminated from its habitat by alterations of the water regime, which result from impoundments, water withdrawal, and drainage, or deepening of ponds. Other factors such as siltation, pollution, and shoreline development have also been cited as threats to harperella populations (USFWS, 1990b).

Status in the Project Area


Potential habitat for Piedmont bishop-weed is restricted to gravel shoal areas of the lower Saluda River; however, numerous aquatic vegetation surveys conducted on the lower Saluda in recent decades have failed to document the species.  Although aimed at documenting the extent of invasive aquatic species in the river, these surveys would have documented Piedmont bishop-weed, if it were present (C. Aulbach, South Carolina Botanical Services, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.16 Rough-Leaved Loosestrife

This species generally occurs in the ecotones or edges between longleaf pine uplands and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly drained soil) on moist to seasonally saturated sands and on shallow organic soils overlaying sand (USFWS, 1995).  Rough-leaf loosestrife has also been found on deep peat in the low shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of unknown origin).  The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-maintained, as are the adjacent plant communities (longleaf pine - scrub oak, savanna, flatwoods, and pocosin).  Suppression of naturally-occurring fire in these ecotones results in shrubs increasing in density and height and expanding to eliminate the open edges required by this plant.


Status in the Project Area


The pine pocosin and Carolina bay environments required by this species do not occur in the Piedmont; therefore, rough-leaved loosestrife is extremely unlikely to occur in the Saluda Project vicinity.

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.17 Schweinitz’s Sunflower

It is believed that this species formerly occupied prairie like habitats or Post Oak - Blackjack Oak savannas that were maintained by fire (USFWS, 1994).  Current habitats include roadsides, power line clearings, old pastures, woodland openings and other sunny or semi-sunny situations.  Schweinitz's sunflower is known from a variety of soil types but is generally found growing on shallow, poor, clayey and/or rocky soils, especially those derived from mafic rocks.  In the few sites where Schweinitz's sunflower occurs in relatively natural vegetation, the natural community is considered a Xeric Hardpan Forest.


Status in the Project Area


There are no populations of Schweinitz’s sunflower known from the Saluda Project area.  Further, consultation with SCDNR Heritage Program staff revealed that suitable habitat for the species likely does not occur in the Project vicinity (B. Pittman, SCDNR, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.

2.18 Rocky Shoals Spider Lily

Rocky shoals spider lily (RSSL), also referred to as Cahaba lily, is a perennial that typically inhabits large streams and rivers at or above the fall line.  These areas usually consist of rocky shoals and bedrock outcrops, substrates which provide anchor points for the RSSL’s roots and bulbs (Patrick et al., 1995).  RSSL grows best in constantly flowing water with relatively low sediment loads and water depths (to bulb) of 4 – 12 inches (Aulbach-Smith, 1998).

Status in the Project Area


Personnel for the USFWS, SCDNR, and other member of the RT&E TWC surveyed the lower Saluda River downstream of the Project for presence of rocky shoals spider lily (RSSL) on May 30th, 2006 (Kleinschmidt, 2006).  Two suspected RSSL plants were observed in the Ocean Boulevard Rapid area of the lower Saluda, just downstream of Interstate 26.  The suspected plants were not in bloom, despite the fact that the survey was done in May when the species would be expected to bloom.  The plants also appeared stunted when compared to the extensive RSSL population located farther downstream in the confluence of the Saluda and Broad rivers, which the group also examined.  Because of these factors, the suspected plants were not positively identified as RSSL.  

Determination of Effect


No viable populations of RSSL were documented in the lower Saluda River during the May 2006 survey.  However, the extensive population located at the confluence of the lower Saluda and Broad rivers is potentially influenced by Project operations under certain flow conditions (i.e., high flows from the Saluda and lower flow from the Broad).  It should be noted that this population is currently managed according to a management and monitoring plan developed during relicensing of the Columbia Hydro Project (FERC No. 1895), which is located on the Broad River in the immediate confluence area.   

2.19 Smooth Coneflower

Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and Georgia) (USFWS, 1995).  Smooth coneflower occurs in plant communities that have been described as xeric hardpan forests, diabase glades or dolomite woodlands.  Optimal sites are characterized by abundant sunlight and little competition in the herbaceous layer.  Natural fires, as well as large herbivores, historically influenced the vegetation in this species' range.  Many of the herbs associated with smooth coneflower are also sun-loving species that depend on periodic disturbances to reduce the shade and competition of woody plants.

Status in the Project Area

There are no populations of smooth coneflower known from the Saluda Project area.  Further, the diabase glade habitat required by this species is not known to occur in areas around Lake Murray or in the lower Saluda River.  Consultation with SCDNR Heritage Program staff confirmed that suitable habitat for smooth coneflower is unlikely to occur in the areas around Lake Murray or the lower Saluda River (B. Pittman, SCDNR, Pers. Comm.).

Determination of Effect

Continued operation of the Saluda Project is expected to result in No Effect on this species due to lack of occurrence in the Project area.
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Here are the Species of Greatest Conservation Need from South Carolina’s Comprehensive Wildlife Conservation Strategy (CWCS) that could potentially occur in Lexington, Newberry, Richland and Saluda Counties, South Carolina.


Even though the species in the strategy are divided into Highest, High and Moderate Priority, all of them are considered species of concern in the state.  Those with moderate priority are given the same amount of consideration as those of highest.  However, please understand that unless they are also given federal or state status, there are no laws governing how we deal with these organisms.  The species of concern are identified based on criteria identified in the CWCS, but all of them bear watching.  At your request, I have only identified species of the highest priority that occur in the counties identified above.


Plant species were not included in the CWCS as this was a plan for wildlife species.  The only information we have concerning plants is included in the list of Threatened and Endangered Species, which can be found on the SCDNR website (https://www.dnr.sc.gov/pls/heritage/county_species.select_county_map).


		Highest Priority Species from SC’s Comprehensive Wildlife Conservation Strategy

		Counties of Potential Occurrence



		Common Name

		Scientific Name

		Lexington

		Newberry

		Richland

		Saluda



		Mammals:  No highest priority mammal species are known to occur in these counties at this time



		Birds



		American Bittern

		Botaurus lentiginosus

		X

		X

		X

		X



		American Coot

		Fulica americana

		X

		X

		X

		X



		American Kestrel

		Falco sparverius paulus

		X

		X

		X

		X



		Bachman’s Sparrow

		Aimophila aestivalis

		X

		X

		X

		X



		Brown-headed Nuthatch

		Sitta pusilla

		X

		X

		X

		X



		Common Ground-dove

		Columbina passerine

		X

		

		X

		



		Eastern Meadowlark

		Sturnella magna

		X

		X

		X

		X



		Eastern Wood Peewee

		Contopus virens

		X

		X

		X

		X



		Field Sparrow

		Spizella pusilla

		X

		X

		X

		X



		Grasshopper Sparrow

		Ammodramus savannarum

		X

		X

		X

		X



		Kentucky Warbler

		Oporornis formosus

		X

		X

		X

		X



		King Rail

		Rallus elegans

		X

		

		X

		



		Least Bittern

		Ixobrychus exilis

		X

		X

		X

		X



		Lesser Scaup

		Aythya affinis

		X

		X

		X

		X



		Little Blue Heron

		Egretta caerulea

		X

		X

		X

		X



		Loggerhead Shrike

		Lanius ludovicianus

		X

		X

		X

		X



		Mallard

		Anas platyrhyncos

		X

		X

		X

		X



		Northern Bobwhite

		Colinus virginianus

		X

		X

		X

		X



		Pied-billed Grebe

		Podilymbus podiceps

		X

		X

		X

		X



		Prairie Warbler

		Dendroica discolor

		X

		X

		X

		X



		Rusty Blackbird

		Euphagus carolinus

		X

		X

		X

		X



		Swainson’s Warbler

		Limnothlypis swainsonii

		X

		

		X

		



		White Ibis

		Eudocimus albus

		X

		X

		X

		X



		Wood Thrush

		Hylocichla mustelina

		X

		X

		X

		X



		Wilson’s Snipe

		Gallinago gallinago

		X

		X

		X

		X



		Yellow-crowned Night-heron

		Nyctanassa violacea

		X

		X

		X

		X



		Common Name

		Scientific Name

		Lexington

		Newberry

		Richland

		Saluda



		Reptiles and Amphibians



		Coral Snake

		Micrurus fulvius

		X

		

		X

		



		Southern Hognose Snake

		Heterodon simus

		X

		

		X

		



		Tiger Salamander

		Ambystoma tigrinum

		X

		

		X

		



		Freshwater Fishes:  Currently, no priority diadramous fishes are known to occur in these counties.



		Redeye Bass

		Micropterus coosae

		X

		X

		X

		X



		Saluda Darter

		Etheostoma saludae

		X

		X

		X

		X



		Freshwater Mussels



		Creeper

		Strophitus undulatus

		X

		X

		X

		X



		Savannah Lilliput

		Toxolasma pullus

		X

		X

		X

		X



		Crayfish:  All below are terrestrial burrowing crayfish



		A Crayfish 

		Distocambarus hunteri

		

		X

		

		



		A Crayfish

		Distocambarus youngineri

		

		X

		

		



		Mimic Crayfish

		Distocambarus carlsoni

		

		X

		

		X



		Freshwater Snails



		Savannah Pebblesnail

		Somatogyrus spp.

		X

		X

		X

		X








 
 
 


August 1, 2005 
 
 
 


Mr. James M. Landreth 
Vice President 
Fossil & Hydro Operations 
South Carolina Electric & Gas 
111 Research Drive 
Columbia, South Carolina 29203 
 
 
Re: First Stage Consultation Comments and Request for Studies, Saluda Hydroelectric 
 Project, FERC No. 516, Richland, Lexington, Newberry, Saluda Counties,  


South  Carolina 
 
Dear Mr. Landreth, 
 
The U.S. Fish and Wildlife Service (Service) has reviewed the May 20, 2005, Initial 
Consultation Document (ICD) for the Saluda Hydroelectric Project, FERC No. 516.  This 
document identifies our information needs and study requests for the first stage consultation for 
the relicensing of the project. The following comments are submitted in accordance with the 
provisions of the Fish and Wildlife Coordination Act, as amended (16 U.S.C.§§ 661-667e); 
Section 7 of the Endangered Species Act of 1973, as amended (16 U.S.C. §§1531-1543); the 
Federal Power Act (16 U.S.C.§ 791 et seq.); the Migratory Bird Treaty Act (16 U.S.C. §§1536, 
1538); the National Environmental Policy Act (42 U.S.C.§ 4321 et seq.); the Clean Water Act 
(33 U.S.C. §1251 et seq.); and the Electric Consumers Protection Act of 1986 (Pub. L. No. 99-
495, 100 Stat. 1243). 
 
I.  Saluda Hydroelectric Project 
 
The Saluda Hydroelectric Project, FERC No. 516, constructed in 1930, consists of Lake Murray, 
the Saluda Dam, the new back-up Saluda Berm, spillway, powerhouse, intakes, and penstocks.  
Lake Murray is a large reservoir, approximately 41 miles in length and 14 miles at it’s widest 
point.  It contains a surface water area of 48,000 acres and 691 shoreline miles.  The Saluda Dam 
is approximately one and a half miles in length.  The south side of the dam contains a spillway 
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with six Tainter gates and a 2,900 foot long man-made spillway channel.  In 2002 the applicant 
began a seismic remediation resulting in the Saluda Berm, a Roller Compacted Concrete and 
Rock Fill Dam along the downstream toe of the existing dam.  The remediation was necessary to 
stabilize the dam during a seismic event.  The Saluda powerhouse contains four generators with a 
fifth exterior unit, and five intakes and five penstocks.  The hydraulic capacity of all five units at 
normal gate opening is 18,000 cubic feet per second (cfs).  Units 1 through 4 contain a hydraulic 
capacity of 3,000 cfs and unit 5 contains a hydraulic capacity of 6,000 cfs.  The project has a 
licensed capacity of 202.6 MW. 
 
II.   Project Resources 
 
The Saluda River joins the Broad River to form the Congaree River which flows to the Santee-
Cooper Hydroelectric Project and on to the Santee River.  The Saluda sub-basin is one of four 
basins that form the Santee Basin which encompasses most rivers within South Carolina.  The 
Saluda sub-basin includes over 220 miles of river and 63,000 surface acres, and contains more 
than 13 dams. The Saluda Hydroelectric Project impounds approximately 41 miles of the Saluda 
River and its associated tributaries, inundating significant shoals and riffles complexes, and 
associated riparian and floodplain habitats.  It is the first dam encountered on the Saluda River 
by upstream migrating fish.  Below the Saluda Dam there is a 10 mile regulated reach to its 
confluence with the Broad River.  This reach of river is located within the fall zone and is 
characterized by bedrock and rocky shoal habitat.  Currently this 10 mile reach is the only rocky 
shoal habitat accessible in the Saluda River by migrating fish.  Rocky shoal habitats are unique, 
considering the majority in the Santee Basin has been impounded by hydroelectric projects.  
Rocky shoals provide habitat for shoal-dependent species including the rocky shoal spider lily, a 
federal species of concern, and spawning habitat for anadromous fishes such as the American 
shad, hickory shad, and shortnose and Atlantic sturgeon.   
 
The Saluda Hydroelectric Project and the other twelve projects within the Saluda basin have 
cumulatively affected and significantly fragmented the river system, altered flows, bedload 
movements, water chemistry, and aquatic and upland habitat.  The Saluda Dam impedes the 
upstream migration of migratory fish and separates these fish from important spawning and 
rearing habitats.  The water temperature and flow below the Saluda Dam have been altered by 
the hypolimnetic releases and varied discharges. 
 
III.   Fish and Wildlife Service Management Goals 
 
The Service’s general management goals and objectives for the Saluda River and Lake Murray 
are to protect and enhance a balanced, diverse fish community and the diversity of aquatic 
habitats on which that community depends, as well as to restore habitats for diadromous fish, 
migratory and riverine game and non-game fish species, and freshwater mussels.  Further goals 
include the recovery of diadromous fish populations of the Santee Basin (which includes the 
Saluda sub-basin) to levels that provide enhanced economic, social and ecological values and the 
protection and recovery of endangered species.  An Interagency Santee-Cooper Basin 
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Diadromous Fish  Passage and Restoration Plan which identifies these resource goals has been 
accepted by the FERC as a Comprehensive Plan under Section 10(a)(2)(a) of the Federal Power 
Act and FERC Order No. 481-A.  The Saluda Hydroelectric Project and other hydroelectric 
projects have disproportionately eliminated and cumulatively affected riffle and shoal habitats in 
the Saluda River watershed.  Therefore, restoration, protection and/or enhancement of certain 
habitats types (i.e., riffles and shoals) are priority goals for the Service.  Identification of 
opportunities for the protection and enhancement of valuable wildlife habitat and enhancing 
potential use of public trust waters for recreation are additional resource goals of the Service.  
 
IV.   Studies Requests for Relicensing 
 
1. Comprehensive Habitat Assessment 
 
 Provide quantitative and qualitative data in GIS format of the available and potential 
 spawning, rearing and foraging habitats (i.e., riffles/shoals, open water habitat, shallow 
 cove areas, littoral zones)  in Lake Murray, Saluda River, and Lower Saluda River below 
 the project, including tributaries for diadromous and resident fish species. 
 


Justification.  Information is needed on the existing available diadromous and resident 
fisheries spawning, rearing, and foraging habitat and candidate areas for restoration 
upstream, downstream and within the project.  This information will aid in the 
assessment of project impacts on aquatic resources, determination of the need for fish 
passage, possible development of fish species target numbers, potential habitat restoration 
areas, and alternative mitigation alternatives. 
 


2. Instream Flow Study 
 
 The Service is concerned about the effects of project operation on downstream flows in 
 terms of water quantity (timing and delivery) and water quality (dissolved oxygen, pH, 
 temperature, nutrients, suspended solids).  We recommend a comprehensive instream 
 flow study in the lower Saluda River.  
 
(1) The study should utilize standard methods including Instream Flow Incremental 
 Methodology, Physical Habitat Simulation (PHABSIM), Indicators of Hydrologic 
 Alteration (IHA), and/or others to evaluate the project effects on aquatic and riparian 
 communities.  The Service is looking forward to participating in an interagency team to 
 determine detailed study plans which consider target species and/or habitat guilds, habitat 
 suitability indices, location of study reaches and placement of transects.   


 
(2)   Explore and analyze potential operational scenarios involving ramping of discharges to 
 dampen the affects of peaking and load following operations on downstream habitats. 
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(3) Evaluate the affects of project operations on sediment transport and riparian erosion in 
 the 10 mile reach of the lower Saluda River. 


 
Justification.  An instream flow study is needed to determine the affects of project 
operations at the Saluda Dam on the aquatic habitat and resources in the downstream 10 
mile reach of the lower Saluda River.  This reach consists of rocky shoal habitat 
important to a variety of species including a put-grow-and-take trout fishery, and resident 
and shoal-dependent species.  It is also potential high quality anadromous fish spawning 
habitat.  This information is necessary to develop potential enhancement and mitigation 
measures. 


 
3. Mussel Surveys 
    


Survey the reservoir, the upper Saluda River and lower Saluda River and significant 
tributaries for freshwater mussels to document the distribution, relative abundance, and 
reproductive success of populations. Additional targeted surveys should determine the 
presence/absence of federally listed mussels and federal species of concern. 
 
Justification.  The license application is required to discuss fish, wildlife, and botanical 
resources in the vicinity of the project and the impact of the project on those resources    
§ 4.51(f)(3).  Information is needed regarding the identification and status of mussel 
populations at the project.  The Saluda Hydroelectric Project impounds a significant 
portion of the Saluda River which has effectively reduced the amount of free-flowing 
reaches and has significantly fragmented habitats.  This information is necessary to 
develop potential enhancement and mitigation measures. 
 


4. Macrobenthic Invertebrate Study 
 
 Identify and evaluate macrobenthic invertebrate assemblages in the lower and upper 
 Saluda River including crayfish and EPT’s (Ephemeroptera, Plecoptera, Trichoptera) to 
 describe and evaluate project related effects  on benthic resources. Sampling should 
 occur in spring and summer and sites should be located directly below the dam, 
 downstream of the dam, major tributaries, and in Saluda River above the reservoir. 
 
 Justification.   Basic information regarding the identification of project related fish and 
 wildlife resources is required under 18CFR4.51.   Macrobenthic invertebrates due to 
 their sedentary nature provide basic information on local long term and short term 
 conditions such as potential affects from project operations or other environmental 
 stressors.  Status of macrobenthic populations can also provide information on fish 
 communities.  These study results will provide information on the health and status of 
 invertebrates and fisheries communities at the project. 
 
5. Water Quality 
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 The Services’ goal is to insure that water quality of the reservoir, and tailwater meet all 
 standards set by the State for the designated surface water  classification.  The Service is 
 also interested in ensuring that project operations do not  cause the concentration of 
 toxic and other deleterious substances in fish to rise above  State standards, Food and 
 Drug Administration action levels, or U.S. Environmental  Protection Agency screening 
 values for the protection of human health.  We seek to ensure that project operations such 
 as cleaning of trashracks, does not create water quality problems.  We are interested in 
 optimizing water quality for selected target species, and want to assist in the design of 
 appropriate mitigation for project impacts. 
 


Water quality information concentrating on dissolved oxygen and temperature in the 
reservoir, tailrace, and downstream area is necessary.  Available existing water quality 
data should be reviewed to determine the need for additional sampling.  If additional 
sampling is necessary, seasonal samples should be taken diurnally (early morning and 
late afternoons) and should adequately cover the water column. 
 
Justification.  Adequate water quality conditions are necessary for the continual existence 
of aquatic biota.  Historically, water quality concerns have been in the lower Saluda 
River, tributaries, and in the area of the thermocline near the dam.    The lower Saluda 
River has had a history of low dissolved oxygen levels from project dishcharges, 
tributaries to the project have been major contributors of pollutants, and low dissolved 
oxygen conditions near the dam have resulted in fish kills. Water quality reports 
including the enhancement measure that address these issues should be updated for the 
project. 


 
6.  Entrainment and Out-migration Study 
 


An evaluation of existing and potential resident and diadromous fish out-migration and 
entrainment/mortality at the dam is needed to assess project-related factors influencing 
fish populations.   Out-migration (spillway and turbine passage) may be significant in 
terms of recruitment for river basin populations. An understanding of existing and 
potential out-migration and turbine passage is needed in connection with diadromous fish 
passage feasibility analyses at the project.  The status of entrainment relative to striped 
bass, blueback herring, the catadromous American eel, and potential anadromous species 
needs to be evaluated. 


 
The out-migration study should include the frequency and characteristics of spillway 
water releases with respect to potential out-migration by target resident and diadromous 
fish species at the project dams. Limnological studies should be included that document 
monthly changes in dissolved oxygen, temperature, conductivity, turbidity, thermocline 
development and overturn under normal hydropower operations.  This study element 
should include multiple years of data to help provide an understanding of limnology and 
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habitat conditions likely to be encountered by out-migrating adult, juvenile, and 
egg/larval fish life stages at the project dams. 


 
A literature-based study summarizing entrainment mortality studies on similar projects 
should be conducted.  It is conceivable that a sufficient database exists on similar sites 
with similar turbines from which to draw reasonable conclusions relative to entrainment 
and mortality in lieu of conducting a site-specific study.  The Service is amenable to 
exploring the possibility of this approach however there is a distinct possibility that site-
specific studies utilizing recovery netting and appropriately designed mortality studies 
may be necessary.  The top and bottom elevation of the trashracks, the width of the 
trashracks, or the clear spacing for all of the trashracks should be described.  Also, 
provide the mean velocities in front of the intakes across the full range of operating 
conditions.  These are the minimum data needed to determine if fish impingement and 
entrainment may be considered a problem at the project.   
 
Justification.  The cumulative loss of fish from entrainment and mortality at the project is 
a concern.  An estimate of these losses at this project is necessary to determine the type 
and extent of mitigation (avoidance, minimization, compensation) necessary to off-set 
loss of public trust resources.  Additionally, an analysis of the potential entrainment of 
diadromous species (adults and juvenile out-migrants) is necessary for the Service’s 
evaluation of potential fish passage at the project. 


 
7. Land Use and Shoreline Management Plan 
 
 The Land Use and Shoreline Management Plan (LUSMP) should be updated and revised 
 in concert with the state and federal natural resource agencies as required in the Federal 
 Energy Regulatory Commission Orders of June 23, 2004, and October 28, 2004.  We 
 request a thorough analysis of land use at the project, particularly including 
 determination of the amount of land developed in the lower, middle, and upper areas of 
 the reservoir.   
 
 Justification.  The Service is interested in collaboratively working to resolve issues 
 surrounding the Land Use and Shoreline Management Plan as expressed in our numerous 
 correspondences to SCEG in the last decade.  It is imperative that issues including 
 shoreline buffers, fringeland sales, environmentally sensitive areas, erosion areas, woody 
 debris, and rebalancing of land use designations be resolved in the new license. 
 
8. Rare, Threatened, and Endangered Species 
 
 Provide a comprehensive list and location map of all rare species, and federally 
 threatened and endangered species within the project area.   Develop management 
 plans for all federally protected species that occur within the project to be included with 
 the license application. 
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Rare species that may occur in the project area include the robust redhorse sucker, 
 Carolina redhorse, and the highfin carpsucker.  Additionally, the Service recently 
was  petitioned to consider listing the American eel under the Endangered Species Act 
(ESA).  A 90  Day Finding period has determined that substantial evidence exists to 
warrant further consideration.  You should be aware that the American eel could 
potentially be listed  under the ESA in the near future. 


  
Enclosed is a list of species from Richland, Lexington, Newberry, and Saluda Counties in 
South Carolina, that are on the Federal List of Endangered and Threatened Wildlife and 
Plants or constitutes species of Federal concern that may occur in the project impact area.  
We recommend surveying the project area for these species prior to any further planning.  
The Services recognize that species of Federal concern are not legally protected under the 
Act and are not subject to any of its provisions, including Section 7, unless they are 
formally proposed or listed as endangered or threatened.  We are including these species 
in our response to give you advance notification.  The presence or absence of these 
species in the project boundary and the area of effect of the project operation should be 
addressed in any environmental document prepared for this project. 


 


County Common Name Scientific Name Status Occurrence 
Lexington     
 Bald eagle  Haliaeetus leucocephalus T Known 
 Carolina heelsplitter Lasmigona decorata E Possible 
 Red-cockaded woodpecker  Picoides borealis  E Known 
 Shortnose sturgeon  Acipenser brevirostrum* E Possible  
 Smooth coneflower  Echinacea laevigata E Possible 
 Schweinitz's sunflower  Helianthus schweinitzii E Known 
 Southern Dusky Salamander Desmognathus auriculatus SC Possible 
 Dwarf aster Aster mirabilis SC Possible 
 Shoal's spider-lily Hymenocallis coronaria SC Known 
 Prairie birdsfoot-trefoil Lotus purshianus var. helleri SC Possible 
 Piedmont cowbane Oxypolis ternata SC Known 
 Wire-leaved dropseed Sporobolus teretifolius SC Known 
 Pickering's morning-glory Stylisma pickeringii var. 


pickeringii 
SC Known 


 Rayner's blueberry Vaccinium crassifolium ssp 
sempervirens  


SC Known  


 Bachman's sparrow Aimophia aestivalis SC Known 
 Henslow's sparrow Ammodramus henslowii SC Known 
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 American kestrel Falco sparverius SC Possible 
 Loggerhead shrike Lanius ludovicianus SC Possible 
 Painted bunting Passerina ciris ciris SC Possible 
 Southern hognose snake Heterodon simus SC Possible 
 Robust Redhorse Sucker Moxostoma robustum SC Possible 


 
Newberry     
 Bald eagle  Haliaeetus leucocephalus T Known 
 Carolina heelsplitter Lasmigona decorata E Possible 
 Butternut Juglans cinerea SC Possible 
 Prairie birdsfoot-trefoil Lotus purshianus var. helleri SC Possible 
 Biltmore green briar Smilax biltmoreana SC Known 
 Sweet pinesap Monotropsis odorata SC Known 
 Bachman's sparrow Aimophia aestivalis SC Known 
 Henslow's sparrow Ammodramus henslowii SC Known 
 American kestrel Falco sparverius SC Possible 
 Loggerhead shrike Lanius ludovicianus SC Possible 
 Saluda crayfish Distocambarus youngineri SC Known 
Richland     
 Bald eagle  Haliaeetus leucocephalus T Known 
 Red-cockaded woodpecker  Picoides borealis E Known 
 Shortnose sturgeon  Acipenser brevirostrum* E Known 
 Smooth coneflower  Echinacea laevigata E Known 
 Rough-leaved loosestrife  Lysimachia asperulaefolia E Known 
 Canby's dropwort  Oxypolis canbyi E Known 
 Carolina heelsplitter Lasmigona decorata E Possible 
 Georgia aster Aster georgianus C Known 
 Southern Dusky Salamander Desmognathus auriculatus SC Possible 
 Sandhills milk-vetch Astragalus michauxii SC Known 
 Purple balduina Balduina atropurpurea SC Known 
 Shoals spider-lily Hymenocallis coronaria SC Known 
 Creeping St. John's wort Hypericum adpressum SC Known 
 Bog spicebush Lindera subcoriacea SC Known 
 Prairie birdsfoot-trefoil Lotus purshianus var. helleri SC Possible 
 Carolina bogmint Macbridea caroliniana SC Known 
 Algae-like pondweed Potamogeton confervoides SC  known 
 False coco Pteroglossaspis ecristata SC Known 
 Awned meadowbeauty Rhexia aristosa SC  Known 
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 Reclined meadow-rue Thalictrum subrotundum SC Known 
 White false-asphodel Tofieldia glabra SC Known 
 Rayner's blueberry Vaccinium crassifolium ssp. 


empervirens 
SC Known 


 Bachman's sparrow Aimophia aestivalis SC Known 
 Henslow's sparrow Ammodramus henslowii SC Known 
 American kestrel Falco sparverius SC Known 
 Loggerhead shrike Lanius ludovicianus SC Known 
 Painted bunting Passerina ciris ciris SC Possible 
 Carolina darter Etheostoma collis SC Known 
 Rafinesque's big-eared bat Corynorhinus rafinesquii SC Known 
 Southern hognose snake Heterodon simus SC Known 
     
Saluda     
 Bald eagle  Haliaeetus leucocephalus T Known 
 Red-cockaded woodpecker  Picoides borealis  E Known 
 Carolina heelsplitter Lasmigona decorata E Possible 
 Piedmont bishop-weed  Ptilimnium nodosum E Known 
 Little amphianthus  Amphianthus pusillus T Known 
 Dwarf burhead Echinodorus parvulus SC Known 
 Creeping St. John's wort Hypericum adpressum SC Known 
 Prairie birdsfoot-trefoil Lotus purshianus var. helleri SC Possible 
 Bachman's sparrow Aimophia aestivalis SC Known 
 Henslow's sparrow Ammodramus henslowii SC Known 
 American kestrel Falco sparverius SC Possible 
 Loggerhead shrike Lanius ludovicianus SC Possible 
 Savannah lilliput Toxolasma pullus SC Known 
 Southern hognose snake Heterodon simus SC Known 


 


We recommend that surveys be conducted by comparing the habitat requirements for 
these species with available habitat types within the action area of the project.  “Action 
area” is defined at 50 CFR § 402.02 as “...all areas to be affected directly or indirectly by 
the Federal action and not merely the immediate area involved in the action.”  Field 
surveys for the species should be performed if habitat requirements overlap with that 
available at the project site.  Surveys for protected plant species must be conducted by a 
qualified biologist during the flowering or fruiting period(s) of the species.  We welcome 
the opportunity to assist with the design of studies, sampling schemes, methodology, and 
target areas for the above species, as well as analysis of the “effects of the action,” (as 
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defined by 50 CFR § 402.02) on any listed species including consideration of direct, 
indirect, and cumulative effects. 


We also recommend contacting the S.C. Department of Natural Resources (SCDNR), 
Data Manager, Wildlife Diversity Section, Columbia, S.C. 29202 concerning known 
populations of federal and/or state endangered or threatened species, and other sensitive 
species in the project area.  Additional habitat information may also be available from 
SCDNR.  NOAA Fisheries endangered species office in St. Petersburg, Florida should be 
contacted relative to shortnose sturgeon which may occur in the action area.  


9. Migratory Bird Surveys 
 


Evaluate the effects of the project on migratory bird use at Lake Murray and the Saluda 
River and riparian ecosystems.  Surveys of migratory birds and their habitats should 
begin in the Fall of 2005 to provide baseline information on populations. 


Continue aerial surveys for potential roosting, nesting, and foraging sites for the federally 
endangered woodstork.   


Justification.  Migratory birds, particularly neo-tropical migrants, utilize the Saluda River 
ecosystem for wintering habitat.  These species have potentially been adversely affected 
by the project by the decrease in available wetlands and floodplain habitat, loss of 
foraging habitat, and alteration of riparian habitat.  Information on population estimates 
and habitat utilization are needed to determine potential enhancement measures. 


10.   Fish Community Surveys 
 


Conduct fish community surveys including small non-game species in the Saluda  River 
above and below the reservoir as well as in Lake Murray, to supplement existing fish 
community data and/or replace dated information.  Specific sampling focused on 
determining presence or absence of the rare robust redhorse sucker, Carolina sucker, and 
the highfin carpsucker should be conducted in the lower Saluda River. 


 
Justification.  Information is needed on the status of fish communities in the reservoir as 
well as the Saluda River above and below the reservoir for game and non-game fish 
species.  River impoundments and reservoirs fragment fisheries communities and impede 
migration patterns.  The inundation of project tributaries in conjunction with such a large 
reservoir also fragments populations within the reservoir and tributaries.  Data gathered 
as part of relicensing should be compared to historically gathered data for comparison.  
These study results will provide information on the status of reservoir and riverine 
communities. 


 
11. Temperature Analysis – Downstream Affects 
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Provide an analysis of the effects of the temperature of discharges from the Saluda Dam 
on downstream habitats including: (1) An analysis that determines the travel distance 
downstream to effectuate completion of temperature mixing in the Congaree River; (2) an 
evaluation of the affects to species and habitats within the downstream Congaree 
National Park; (3) an evaluation of the affects to upstream migrating diadromous fish. 
 
Justification.  The Saluda Dam typically discharges hypolimnetic water which is cooler 
than water in adjacent watersheds.  We are interested in determining how far the cooler 
water travels before completely mixing with the ambient water temperatures from the 
Broad and Congaree Rivers, and how these cooler  temperatures may affect downstream 
habitats, particularly in the Congaree National Park.  We are also interested as to how 
these cooler discharges affect diadromous species during their upstream migration from 
the Santee-Cooper Hydroelectric Project. 


  
12. Striped Bass Evaluations 


Provide and evaluation project operations on the reservoir striped bass population, 
particularly regarding: (1) the effectiveness of current turbine operations, (2) potential 
additional enhancements in association with the summer thermocline near the 
powerhouse; and (3) determine if striped bass migrate upstream of the project within the 
Saluda River during the spring spawning season, and if and where spawning activities 
occur. 
 
Justification.  The reservoir striped bass fishery is an important recreational fishery at 
Lake Murray.  The status of the fishery needs to be described and any potential 
enhancements identified. 


 
13. Diadromous Fish Surveys 
 


Continue diadromous fish surveys in the lower Saluda River during the spring 2006 
spawning migrations as outlined in the 2005 Diadromous Fish Studies study plan. This 
plan was developed in the fall of 2004 in concert with state and federal  natural 
resource agencies as an “early start” study for project relicensing. 


 
Justification.  There are 10 miles of riverine reach below Saluda Dam to its confluence 
with the Broad and Congaree Rivers.  Currently, diadromous fish are passed upstream of 
the Santee Cooper Hydroelectric Project and migrate up the Congaree, Broad, and 
Wateree Rivers.  The 10 miles below the Saluda project contains potential high quality 
spawning habitat for American shad, hickory shad, blueback herring, shortnose sturgeon 
and Atlantic sturgeon. The shortnose sturgeon is a federally listed endangered species and 
all federal agencies  (including the FERC) are responsible for undertaking actions 
toward its recovery  under Section 7(a)(1) of the Endangered Species Act (16 U.S.C. 
1531-1543).   These surveys will determine if diadromous fish are utilizing the lower 
Saluda  River.  This information will aid the Service in developing potential enhancement 
measures for the lower Saluda and/or determining if fish passage is warranted at the 
project.  We believe it is necessary to conduct sampling for two seasons at a minimum to 
accurately identify the status of diadromous fish utilization in the lower Saluda River. 
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V.  Information Requests for Relicensing 
 
1. Existing Studies and Data 
 


Please provide copies of the existing environmental studies conducted at the Saluda 
Hydroelectric Project by SCE&G contractors and the South Carolina Department of 
Natural Resources that are referenced in the literature cited section  of the Initial 
Consultation Document.  These may be provided as hard copies or via CD (preferable). 


 
2. Project Operations 
 


Provide a detailed description of current and past project operations pursuant to  existing 
license conditions.  This analysis should include the frequency, magnitude, and duration 
of turbine discharges, spills, and reservoir drawdowns. 


 
3.   Dissolved Oxygen Concentrations in Lower Saluda River 
 


Provide an updated report on the status of dissolved oxygen concentrations in the  lower 
Saluda River and the efficacy of existing enhancement measures. 


 
We appreciate the opportunity to comment on the Initial Consultation Document for the 
relicensing of the Saluda Hydroelectric Project.  We look forward to further coordination 
throughout the relicensing process.  If you have any questions or need further information please 
contact Ms. Amanda Hill of my staff at (843) 727-4707 ext. 303. 
 
 
      Sincerely, 
 
 
 
      Timothy N. Hall 
      Field Supervisor 
 
 
 
 
TNH/AKH 
 
 
 
 








Figure A-1:  Project 
Location Map 







From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

Subject: FW: LSR STB info
Date: Tuesday, January 08, 2008 9:43:11 AM

Hello All:
 
At one of our recent TWC meetings, Hal Heard indicated that he would talk with 
Jason Bettinger at DNR regarding the LSR striped bass telemetry studies.  Hal's 
request to Jason is copied below for your information.  Thanks.
 
Shane
 

C. Shane Boring  
Environmental Scientist  
Kleinschmidt Associates  
204 Caughman Farm Lane; Suite 301  
Lexington, SC 29072  
Phone: (803)951-2077  
Fax: (803)951-2124 

  
 
-----Original Message----- 
From: Hal Beard [mailto:BeardH@dnr.sc.gov]  
Sent: Thursday, January 03, 2008 10:04 AM 
To: Jason Bettinger 
Cc: Alan Stuart; Dick Christie; Ron Ahle; Jim Bulak 
Subject: LSR STB info 
 

Jason,  
I spoke with you several weeks ago regarding several aspects of the STB 
telemetry study as it relates to their movement into and out of the LSR.  As part 
of the Saluda Dam relicensing process, the Instream Flow Committee has been 
working at establishing flow recommendations for this tail water, with a focus on 
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the fishery resource.  One of the stand alone species being considered is  STB.  
A number of questions were posed during our discussions of those habitat (flow) 
requirements needed for spring passage into the system, as well as that needed 
to maintain favorable summer habitat.  We thought it may be helpful if you could 
share any of your study results that may help answer some of these questions.    

●     What percentage of the "tagged" fish entered the lower Saluda in each of 
the past two years of the study? 

●     Is there any indication that a particular size fish was more prone to enter 
the system or in general did both larger and smaller fish do so?  What 
size ranges were involved? 

●     Based on the data, can the apparent temporal component associated with 
their movement in or out of the river be defined and how accurately?  
Specifically, when was the onset of spring migration into the lower portion 
(zoo receiver) and can any peak periods of movement be correlated to 
instantaneous flows or diurnal response?   

●     Is there any indication their movement out of the system is in response to 
"draw down" releases that begin in the late summer?     

It is acknowledged that the study is not complete and the data thus far may not 
be adequate to definitively answer some of these questions but any input you 
could provide would be much appreciated.  

Alan you can forward this to anyone else on the committee you deem 
appropriate, I just didn't have the e-mail address of all of the individuals and 
didn't want to exclude anyone.         



From: Shane Boring
To: Shane Boring; Alan Stuart; Amanda Hill; Bill Argentieri; Bob Perry ; 

Brandon Stutts ; Buddy Baker ; Dick Christie (dchristie@comporium.net); 
Jennifer Hand; Jim Glover; Randy Mahan; Ron Ahle; 

Subject:  Lake Murray Waterfowl Update
Date: Wednesday, February 06, 2008 1:22:27 PM
Attachments: 2007-2008 Lake Murray Waterfowl Aerial Survey Flight Conditions.pdf 

2007-2008 Lake Murray Waterfowl Aerial Survey Data.pdf 

Dear TWC Members: 
Data summaries for the latest Lake Murray waterfowl surveys are attached.  Surveys were performed on 
January 7th and January 28th.  Results were similar to previous surveys (dominated by Canada goose 
and mallards), with the exception of the January 28th survey, during which a number of scaup were 
observed.  The final survey of the 2007-2008 season is scheduled for February 12th.  Thanks for your 
continued interest in the Lake Murray waterfowl study. 
C. Shane Boring 
Environmental Scientist 
Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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Survey Date: 11/16/2007 12/12/2007 12/19/2007 1/7/2008 1/28/2008


Observer W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens W.L. Stephens


Start Time 13:00 13:00 13:00 13:00 13:00


Stop Time 16:00 15:00 15:00 15:30 16:00


Noted General Conditions Clear/Light wind Clear/Windy PC /Light wind Clear/Light wind Clear/Light wind


Irmo Temp Range (C)* 12-13oC 26-27oC 13-15oC 21-22oC 14-15oC


Irmo Wind (mph)*
Calm-SW@10; 


Gust@21
Calm-SW@9; 


Gust@25
Calm-SW@8; 


Gust@17
Calm-SSW@7; 


Gust@12
Calm-WSW@8; 


Gust@13


Irmo Rainfall (mm)* None None None None None


Irmo Sky Conditions* BKN BKN BKN BKN BKN


2007-08 Lake Murray, South Carolina, Waterfowl Aeri al Survey Flight Conditions 


*Dutch Oaks, Irmo, SC   Lat: N 34 ° 8 ' 49 '' ( 34. 147 ° ); Lon: W 81 ° 12 ' 54 '' ( -81.215 ° ); Elev ation: 366 ft; Station Hardware: Oregon Scientific 
WMR968


Abbreviations: PC=Partly Cloudy, OVC=Overcast, FEW=Few Clouds, SCT=Scattered Clouds, CLR=Clear Skies, BKN=Broken Skies








Survey Date: 11/16/2007 12/12/2007 12/19/2007 1/7/2008 1/28/2008 All Surveys


Mallard 4 2 38 104 2 150
American Black Duck 0
Mottled Duck 0
Gadwall 0
American Wigeon 0
G-W Teal 0
B-W Teal 0
Cinnamon Teal 0
Northern Shoveler 0
Northern Pintail 0
Wood Duck 0
Whistling Ducks 0


Total Dabblers: 4 2 38 104 2 0 150


Redhead 0
Canvasback 0
Scaup spp. 10 10
Ring-necked Duck 0
Common Goldeneye 0
Bufflehead 0
Ruddy Duck 0


Total Divers: 0 0 0 0 10 0 10


Eider spp. 0
Scoter spp. 0
Long-tailed Duck 0
Harlequin Duck 0


Total Seaducks: 0 0 0 0 0 0 0


Merganser spp. 0
Unidentified Ducks 0


Total Ducks: 4 2 38 104 12 0 160


Brant 0
Snow Goose 0
Blue Goose 0
Ross's Goose 0
White-Fronted Goose 0
Canada Goose 20 90 161 101 69 441


Total Geese: 20 90 161 101 69 0 441


Tundra Swan 0
Trumpeter Swan 0
Mute Swan 0


Total Swans: 0 0 0 0 0 0 0


American Coot 200 200


Grand Total: 24 92 199 205 281 0 801


2007-08 Lake Murray, South Carolina, Waterfowl Aerial Survey Data


Savannah River Ecology Laboratory                 Contact: Robert Kennamer (803-725-0387); kennamer@uga.edu  







From: Shane Boring
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Hal Beard; Jennifer Hand; Jim Glover; Prescott Brownell; Randy Mahan; 
Shane Boring; 

cc: "QUATTLEBAUM, MILTON"; 
Subject: Saluda Relicensing: 2008 American Shad Telemetry Study Plan
Date: Tuesday, January 22, 2008 12:31:12 PM
Attachments: 2008 American Shad Telemetry Study Plan.doc 

Dear TWC Members: 
Attached for your records is the 2008 American Shad Telemetry Study Plan.  As you may remember, this 
study was originally slated for spring of 2007, but was postponed until 2008 due to lack of sufficient 
numbers of shad in the Congaree River.  The study plan has been updated for 2008. Many thanks to 
Milton Quattlebaum for updating the plan. 
Thanks, 
Shane 
C. Shane Boring 
Environmental Scientist 
Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
   

mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=SHANE.BORING
mailto:ssummer@scana.com
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Alan Stuart
mailto:amanda_hill@fws.gov
mailto:bargentieri@scana.com
mailto:dchristie@comporium.net
mailto:gjobsis@americanrivers.org
mailto:beardh@dnr.sc.gov
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Jennifer.Summerlin
mailto:GloverJB@dhec.sc.gov
mailto:prescott.brownell@noaa.gov
mailto:rmahan@scana.com
mailto:/O=KLEINSCHMIDT ASSOCIATES/OU=PITTSFIELD/CN=RECIPIENTS/CN=Shane.Boring
mailto:MQUATTLEBAUM@scana.com

Saluda Hydro Project (FERC No. 516)

Study Plan:  2008 Diadromous Fish Studies


 American Shad Telemetry Study for the Lower Saluda, Congaree and Broad Rivers

Diadromous Fish Technical Working Committee


December 6, 2007

I. Study Objective


The objective of this study will be to characterize the movements of migrating American shad (Alosa sapidissima) in the Lower Saluda (LSR), Congaree, and Broad Rivers for purposes of determining: 

· usage of the lower Saluda River (LSR) downstream of Saluda Hydro dam;   

· potential usage of the Columbia Hydro tailrace; 


· potential usage of the Columbia fish passage facility on the Broad River; and 


· migration upstream of the Columbia Hydro Project to the base of Parr Hydro

II. Basis

Enhancement and restoration of anadromous Alosids to South Carolina waters has become an important objective of resource agencies.  Each spring, efforts to pass migrating American shad and blueback herring are undertaken at the first barriers to migration in the Santee-Cooper system.  Once passed, these fish have several migration pathways from which to choose.  One potential pathway could result in these fish entering the LSR near Columbia.  The relative abundance and potential spawning of this segment of the population is of particular interest to managers.  

Another pathway would result in fish entering the Broad River, also located near Columbia.  Recently, South Carolina Electric and Gas (SCE&G) installed a fish passage facility at the Columbia Hydro diversion dam.  The fish passage facility was constructed to allow target fish species, such as American shad and blueback herring, to migrate upstream over the diversion dam to reach spawning grounds.  The success of passing diadromous species through the Columbia fish passage facility is of importance to resource agencies and interested stakeholders.


During the relicensing process of Columbia Hydro, resource agencies expressed interest in the potential for American shad to utilize the tailwaters of the project. Agencies were concerned that during times of high power generation, American shad may be influenced and be attracted to the tailrace as opposed to migrating up the bypass reach towards the fish way.  Further, the agencies indicated that if significant numbers of Alosids utilize the Columbia tailrace then reductions in project operations may be necessary to re-direct shad in the tailrace to the bypass reach.  


III. Geographic and Temporal Scope

The telemetry study will focus on the Congaree River near the downstream extent of the Congaree National Park, upstream of Highway 601 Bridge; the LSR from downstream of the Saluda Hydro Dam to its confluence with the Broad River; and the Broad River from the Parr Shoals Dam to its confluence with the LSR.

The study will be conducted during Spring 2008, when American shad would be expected to undertake their upstream spawning migrations.  Study timing will be based on passage numbers at the St Stephens Fish Ladder located downstream at the Santee Cooper Project (FERC Project No. 299).  Duration of the study may be adjusted based on battery life of transmitters, mortality of target species and/or consultation with resource agencies and interested stakeholders.  It is anticipated the study will last through August 2008.

IV. Methodology


Tagging

 American shad will be collected from the Congaree River in the vicinity of the Highway 601 Bridge during the 2008 inmigrating spawning season. Up to 50 male and/or female will be captured depending on availability.  To facilitate collections, the SCDNR will notify Kleinschmidt Associates and/or SCE&G when significant numbers of Alosids begin to move through St. Stephens Fish Lift at Pinopolis Dam.  Collections will be by standard boat electrofishing methods, and captured fish will be dip netted and placed in a live well.  Each captured fish will be measured (mm) and a VemcoV-9 coded acoustic transmitter will be inserted through the esophagus into the upper alimentary canal via a slender wooden probe (Olney et al. 2006).   Each transmitter will be coated with glycerin to reduce abrasion of the esophagus (Beasley et al. 2000). Dry weight of acoustic transmitters will not exceed 2% of fish wet weight.  Tagged American shad will be placed in a holding pen for a short observation period to ensure recovery and then released.


Monitoring


The SCNDR has installed an array of receivers in the lower Saluda and Congaree Rivers.  To expand the current SCDNR study and conduct the scope of this study, additional receivers will be installed at locations in the Broad River and below the Columbia Hydro Powerhouse.  Acoustic equipment for this study will include Vemco V-9 coded acoustic transmitters (69 kHz) and Vemco VR2 ultrasonic receivers (Vemco, Shad Bay, Nova Scotia).  The transmitters will relay an acoustic ping to the Vemco receiver(s), which will be programmed to record the transmitter code, time of passage, depth, and location of each shad.  Data will be downloaded from receivers on a bi-monthly basis.  

Locational data will be recorded from an array of Vemco receivers deployed (or will be deployed prior to tagging) at the following locations (Attachment A): 

· Congaree River near Highway 601 Bridge;


· Congaree River at the upstream extent of the Congaree National Park;


· Congaree River near Carolina Eastman;

· Congaree River in the vicinity of the Rosewood Boat Landing;

· LSR below Lake Murray Dam;


· LSR near Corley Mill Island;


· LSR adjacent to the Radio Towers;


· LSR adjacent to Riverbanks Zoo;


· Broad River in the vicinity of Columbia Hydro tailrace;

· Broad River below the diversion dam;


· Broad River in the vicinity of Harbison State Park; and 


· Broad River below Parr Shoals Dam.


Data Retrieval

Data will be retrieved from the receivers on a bi-monthly basis by SCDNR, SCE&G or Kleinschmidt personnel.  Data retrieved from the receivers will be given a unique file name which includes receiver location and date.  


V. Schedule and Required Conditions


Sampling for American shad in the lower Saluda, Broad, and Congaree Rivers will be conducted during spring 2008 when significant number of American shad reaches the St. Stephens fish lift at Pinopolis Dam.  A draft report summarizing the results will be issued in October 2008.  The report will contain information on spatial and temporal movements of tagged fish and contain any appropriate maps or GIS information.  

VI. Use of Study Results


Results of the telemetry study will be used as an information resource during discussion of relicensing issues with the SCDNR, NMFS, USFWS, relicensing issue working groups, and other relicensing stakeholders. 

VI. Study Participants


		

		NAME

		ORGANIZATION

		PHONE

		E-MAIL



		Applicant Leads

		Stephen  Summer


Milton Quattlebaum

Alan Stuart


Shane Boring


Jennifer Hand

		SCANA Services


SCANA Services


Kleinschmidt


Kleinschmidt


Kleinschmidt

		803.217.7357


803.608.6296


803.951-2077

803.951-2077

803.951-2077

		ssummer@scana.com

mquattlebaum@scana.com

alan.stuart@kleinschmidtusa.com

shane.boring@kleinschmidtusa.com

jennifer.hand@kleinschmidtusa.com



		Agency Leads

		Dick Christie


Jason Bettinger


Amanda Hill


Prescott Brownell

		SCDNR


SCDNR


USFWS


NOAA Fisheries

		803.289.7022

803.353.8232

843.727.4707


843.762.8591

		dchristie@infoave.net

BettingerJ@dnr.sc.gov

Amanda-hill@fws.gov

Prescott.brownell@noaa.gov



		Other Participants

		William Argentieri


Randy Mahan

		SCE&G


SCANA Services

		803.217.9162

803.217.9538

		bargentieri@scana.com

rmahan@scana.com





VII. List of Attachments


ATTACHMENT A:
Map of receiver monitoring stations on the lower Saluda, Broad, and Congaree rivers.

VIII. List of References
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ATTACHMENT A

Map of receiver monitoring stations on the lower Saluda, Broad, and Congaree Rivers
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Attachment A:  Receiver monitoring stations on the lower Saluda, Broad, and Congaree Rivers



Trout Fishery Issue Recommendation

Fisheries and Wildlife RCG and IFIM/Aquatic Habitat TWC Members: 

The Recreation RCG identified "protection of the cold water fishery on the lower Saluda River" as an 
issue we would provide recommendations on during the relicensing process.  The Recreation 
Management TWC has finalized our "issue recommendation" and request the actions associated with 
your group are implemented as part of the management of the lower Saluda River.

If there are any questions about our issue recommendation, please let us know. 

Dave Anderson  
Recreation RCG Facilitator 

<<Trout Fishery Issue Recommendation (2008-03-24;FINAL).pdf>> 

http://owa.kleinschmidtusa.com/public/Jobs/455/45...%20Issue%20Recommendation-467067762.EML?Cmd=open [5/27/2008 1:04:49 PM]



From: Jennifer Hand
To: Jennifer Hand; "Steve Summer"; Alan Stuart; "Amanda Hill"; 

"Bill Argentieri"; "Gerrit Jobsis (American Rivers)"; "Jim Glover"; 
"Prescott Brownell"; "Randy Mahan"; Shane Boring; "Dick Christie"; 

Subject: RE: Saluda Relicensing: 2006-2008 LSR American Eel Survey
Date: Friday, February 15, 2008 9:52:30 AM
Attachments: 2006-2007 Lower Saluda River American Eel Evaluation 2008-….pdf 

All: 
Please disregard the previous email with the 2006-2008 Lower Saluda River American Eel Report.  I had 
to make a minor change.  Attached is the Final American Eel Report.  I apologize for the confusion. 
  
Thanks, 
Jennifer S. Hand 
Biologist 
Kleinschmidt Associates 
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
P:803.951.2077 
F:803.951.2124 
 
 -----Original Message----- 
From:  Jennifer Hand   
Sent: Wednesday, February 13, 2008 2:14 PM 
To: Steve Summer; Alan Stuart; Amanda Hill; Bill Argentieri; Gerrit Jobsis (American Rivers); Jim Glover; 
Prescott Brownell; Randy Mahan; Shane Boring; Dick Christie 
Subject: Saluda Relicensing: 2006-2008 LSR American Eel Survey 
Hello Folks, 
Attached for your reference is the 2006-2007 Lower Saluda River American Eel Survey.  The report will 
also be posted on the Saluda Relicensing website.  Thanks for your continued interest in the Saluda 
relicensing process! 
 << File: Final 2006-2007 Lower Saluda River American Eel Evaluation (JMS).pdf >>  
Thanks, 
Jennifer S. Hand 
Biologist 
Kleinschmidt Associates 
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
P:803.951.2077 
F:803.951.2124 
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SOUTH CAROLINA ELECTRIC & GAS COMPANY 
COLUMBIA, SOUTH CAROLINA 


 
SALUDA HYDRO PROJECT 


 
EVALUATION OF USAGE OF THE LOWER SALUDA RIVER BY INMIGRATING 


JUVENILE AMERICAN EELS 
 


2007 FINAL SUMMARY REPORT 
 
 


1.0 INTRODUCTION 


 


The American eel is the only catadromous fish species in North America.  While specific 


information regarding the spawning of American eel is limited, it has been documented that 


spawning grounds are located in the Sargasso Sea of the Atlantic Ocean.  Due to their highly 


migratory behavior, eels utilize a variety of habitat types to complete their life cycle.  Necessary 


habitat types include both open ocean and large coastal tributaries, as well as small freshwater 


streams, lakes and ponds.  The life cycle of the American eel consist of several distinct stages 


which include larval, glass eel (elvers), yellow eel (immature adult) and silver eel (sexually 


mature) stages.  The majority of an eel’s life is spent in freshwater systems.  Generally, 


environmental cues such as water chemistry, photoperiod, lunar phase, air temperature and water 


temperature potentially trigger upstream migration (Walsh et al. 1983, Parker and McCleave 


1997, and Wippelhauser and McCleave 1988).  The American eel is known to occur throughout 


much of the Santee-Cooper River Basin of South Carolina.  Within the basin, American eel have 


been documented in portions of the Catawba, Broad, Pacolet, Tyger, Enoree, and Saluda rivers 


(USFWS et al. 2001). 


 


Over the past two decades, American eel populations have declined along the east coast 


primarily from extensive overharvesting, degradation of habitat, pollution and/or migration 


barriers. As a result of these declines, the American eel is among the species identified by the 


National Marine Fisheries Service (NMFS), South Carolina Department of Natural Resources 


(SCDNR), and the U.S. Fish and Wildlife Service (USFWS) as a target species in the “Santee 


Cooper Basin Diadromous Fish Passage Restoration Plan” (USFWS at al. 2001), which was 


submitted and accepted by the FERC as a Comprehensive Plan under Section 10 (a)(2)(a) of the 


Federal Power Act.  In response to comments and study requests provided by the USFWS, 
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NMFS, and SCDNR during initial stages of the Saluda Hydro Relicensing Project, SCE&G 


conducted sampling in the lower Saluda River (LSR).  The overall study objective was to 


determine the presence/absence of inmigrating juvenile American eels (Anguilla rostrata) in the 


LSR downstream of the Saluda Hydro Project. 


 







 


 
- 3 - 


2.0 METHODOLOGY 


 


Experimental eel sampling ramps were deployed at the USGS gage (# 02168504) located 


on the LSR’s mainstem downstream of the Saluda Hydro Project Dam (Photo 1 and 2) and at the 


Saluda Hydro Project Spillway (Photo 3 and 4).  The experimental eel ramps sampled 


continuously at the spillway and USGS location from September of 2006 through the end of 


October 2007.  To ensure that no American eel were harmed, the two experimental eel ramps 


were checked weekly (two days per week) throughout the study period. 


 


Eel ramps were constructed of corrugated plastic pipe.  To provide an attraction flow and 


to protect ascending eels from desiccation, a continuous flow was provided using a pump at the 


USGS location and a gravity feed flow at the spillway location.  Ramps were anchored such that 


the downstream end remained submerged under normal low flow conditions (approximately 450 


cfs).  The upstream opening extended above normal high water and was outfitted with a secured 


holding chamber of sufficient design to minimize predation or other mortality of captured 


animals (Kleinschmidt 2006). 


 


Photo 1: Experimental Eel Ramp Located at the Tailrace of the Saluda Hydro Project 
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Photo 2: Experimental Eel Ramp Located at the Tailrace of the Saluda Hydro Project 


 
 
Photo 3: Experimental Eel Ramp Located at the Spillway of the Saluda Hydro Project 


 
 
Photo 4: Experimental Eel Ramp Located at the Spillway of the Saluda Hydro Project 
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3.0 RESULTS 


 


The experimental eel ramps were fished continuously from September 2006 through the 


end of October 2007 with an approximate total of 10,176 sampling hours.  No American eel were 


caught during the year long study period in the LSR. 
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4.0 DISCUSSION 


 


No American eel were captured in the experimental eel ramps from September 2006 


through October 2007.  The results of this study were consistent with the American eel surveys 


conducted on the LSR in 2005 and 2006 (Kleinschmidt 2005 & 2006).  The 2005 and 2006 


survey sampled five locations along the LSR by using eel pots, and no American eels were 


captured. 


 


Existing fishery data indicate that American eels in the LSR may be uncommon or rare.  


American eels are occasionally captured along the LSR during standardized sampling performed 


by SCE&G and SCDNR.  Hal Beard of SCDNR indicated that during his 2005 fall sampling 


period he collected a total of three eels while electrofishing at ten sites along the LSR (H. Beard, 


SCDNR, Pers. Comm., as in Kleinschmidt 2005).  Similarly, Steve Summer of SCANA 


Services, Inc., noted that he captured one eel during standardized electrofishing conducted 


during April of 2005 (S. Summer, SCANA Services, Inc., Pers. Comm., as in Kleinschmidt 


2005).  This information coupled with the results of our sampling to date suggests that the 


distribution of eels in the LSR may be fairly low. 


 


Low abundance of American eel in the LSR may be in part due to water temperature 


preferences.  Studies have shown that upstream migration of yellow-phase eels usually occurs 


during spring when water temperatures range between 10-16˚C (Solomon and Beach 2004).  


Spring (March, April, May) water temperatures for the LSR averaged approximately 11˚C during 


2007 (Walsh et al. 1983).  Although this coincides with the range of preferred water 


temperatures for migrating eels, the water temperature of the LSR typically is lower than that of 


the Congaree and Broad rivers due to release of hypolimnetic waters through the Saluda Hydro 


Dam.  As such, inmigrating eels may chose the warmer waters of the Broad River over the LSR. 
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To determine presence/absence of inmigrating juvenile American eels (Anguila rostrata) in the Lower 
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II. Geographic and Temporal Scope 
 
Sampling for juvenile eels (elvers) will focus on the LSR immediately downstream of the Saluda 


Hydroelectric Project (from the project spillway upstream to the Saluda Dam). 


 


Sampling is slated to begin in May 2006, or as soon as experimental eel sampling ramps can be installed 
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III. Methodology 
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Figure 1: Potential Eel Ramp Location: Saluda Spillway 
 


 
 
Figure 2: Potential Eel Ramp Location – USGS Gage Below Saluda Dam (# 02168504) 
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IV. Schedule and Required Conditions 
 
Sampling will begin in May 2006, or as soon as experimental eel sampling ramps can be installed, and 
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1.0 Introduction

The highly versatile American eel is the only catadromous fish species in North America.  While specific information regarding the spawning of American eel is limited, it has been documented that spawning grounds are located in the Sargasso Sea of the Atlantic Ocean.  Due to their highly migratory behavior, eels utilize a variety of habitat types to complete their life cycle.  Necessary habitat types include both open ocean and large coastal tributaries, as well as small freshwater streams, lakes and ponds.  The life cycle of the American eel consist of several distinct stages which include larval, glass eel (elvers), yellow eel (immature adult) and silver eel (sexually mature) stages.  The majority of an eel’s life is spent in freshwater systems.  Generally, environmental cues such as water chemistry, photoperiod, lunar phase, air temperature and water temperature potentially trigger upstream migration (Walsh et al. 1983, Parker and McCleave 1997, and Wippelhauser and McCleave 1988).  The American eel is known to occur throughout much of the Santee-Cooper River Basin of South Carolina.  Within the basin, American eel have been documented in portions of the Catawba, Broad, Pacolet, Tyger, Enoree, and Saluda rivers (USFWS et al. 2001).

Over the past two decades, American eel populations have declined along the east coast primarily from extensive overharvesting, degradation of habitat, pollution and/or migration barriers. As a result of these declines, the American eel is among the species identified by the National Marine Fisheries Service (NMFS), South Carolina Department of Natural Resources (SCDNR), and the U.S. Fish and Wildlife Service (USFWS) as a target species in the “Santee Cooper Basin Diadromous Fish Passage Restoration Plan” (USFWS at al. 2001), which was submitted and accepted by the FERC as a Comprehensive Plan under Section 10 (a)(2)(a) of the Federal Power Act.  In response to comments and study requests provided by the USFWS, NMFS, and SCDNR during initial stages of the Saluda Hydro Relicensing Project, SCE&G conducted sampling in the lower Saluda River (LSR).  The overall study objective was to determine the presence/absence of inmigrating juvenile American eels (Anguilla rostrata) in the LSR downstream of the Saluda Hydro Project.

2.0 Methodology

Experimental eel sampling ramps were deployed at the USGS gage (# 02168504) located on the LSR’s mainstem downstream of the Saluda Hydro Project Dam (Photo 1 and 2) and at the Saluda Hydro Project Spillway (Photo 3 and 4).  The experimental eel ramps sampled continuously at the spillway and USGS location from September of 2006 through the end of October 2007.  To ensure that no American eel were harmed, the two experimental eel ramps were checked weekly (two day per week) throughout the study period.

Eel ramps were constructed of corrugated plastic pipe.  To provide and attraction flow and to protect ascending eels from desiccation, a continuous flow was provided using a pump at the USGS location and a gravity feed flow at the spillway location.  Ramps were anchored such that the downstream end remained submerged under normal low flow conditions (approximately 450 cfs).  The upstream opening extended above normal high water and was outfitted with a secured holding chamber of sufficient design to minimize predation or other mortality of captured animals (Kleinschmidt 2006).

Photo 1:
Experimental Eel Ramp Located at the Tailrace of the Saluda Hydro Project
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Photo 2:
Experimental Eel Ramp Located at the Tailrace of the Saluda Hydro Project
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Photo 3:
Experimental Eel Ramp Located at the Spillway of the Saluda Hydro Project
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Photo 4:
Experimental Eel Ramp Located at the Spillway of the Saluda Hydro Project

[image: image6.jpg]





3.0 Results

The experimental eel ramps were fished continuously from September 2006 through the end of October 2007 with an approximate total of 10,176 sampling hours.  No American eel were caught during the year long study period in the LSR.

4.0 Discussion

No American eel were captured in the experimental eel ramps from September 2006 through October 2007.  The results of this study were consistent with the American eel surveys conducted on the LSR in 2005 and 2006 (Kleinschmidt 2005 & 2006).  The 2005 and 2006 survey sampled five locations along the LSR by using eel pots, and no American eels were captured.

Existing fishery data indicate that American eels in the LSR may be uncommon or rare.  American eels are occasionally captured along the LSR during standardized sampling performed by SCE&G and SCDNR.  Hal Beard of SCDNR indicated that during his 2005 fall sampling period he collected a total of three eels while electrofishing at ten sites along the LSR (H. Beard, SCDNR, Pers. Comm., as in Kleinschmidt 2005).  Similarly, Steve Summer of SCANA Services, Inc., noted that he captured one eel during standardized electrofishing conducted during April of 2005 (S. Summer, SCANA Services, Inc., Pers. Comm., as in Kleinschmidt 2005).  This information coupled with the results of our sampling to date suggests that the distribution of eels in the LSR may be fairly low.

Low abundance of American eel in the LSR may be in part due to water temperature preferences.  Studies have shown that upstream migration of yellow-phased eels usually occurs during spring when water temperatures range between 10-16˚C.  Spring (March, April, May) water temperatures for the LSR averaged to be approximately 11˚C during 2007 (Walsh et al. 1983).  Although, this coincides with the range of preferred water temperatures for migrating eels, the water temperature of the LSR typically has lower water temperatures than surrounding rivers, due to release of hypolimnetic waters through the Saluda Hydro Dam.  The LSR originates at the base of the Saluda Hydro Dam and extends downstream through a 10 mile stretch of free-flowing Saluda River, where it joins with the Broad River to form the Congaree River near downtown Columbia.  The Congaree and Broad river’s water temperature are not influenced by cool water releases, which may influence river selection as yellow-phased American eels are migrating upstream.
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I. Study Objective


To determine presence/absence of inmigrating juvenile American eels (Anguila rostrata) in the Lower Saluda River (LSR) downstream of the Saluda Hydroelectric Project.

II. Geographic and Temporal Scope


Sampling for juvenile eels (elvers) will focus on the LSR immediately downstream of the Saluda Hydroelectric Project (from the project spillway upstream to the Saluda Dam).

Sampling is slated to begin in May 2006, or as soon as experimental eel sampling ramps can be installed (see Section III for additional detail), and will continue through October 2007.

III. Methodology


Experimental eel sampling ramps will be deployed at Saluda Project spillway (Figure 1) and at the USGS gage located on the LSR’s mainstem downstream of the Saluda Project Dam (# 02168504; Figure 2).  Eel ramps will be constructed of corrugated plastic pipe (4’ to 10’ diameter) or similar materials; a continuous flow will be provided using a pump or gravity feed to provide an attraction flow and to protect ascending eels from desiccation.  Ramps will be anchored such that the downstream end remains submerged under normal low flow conditions (approximately 450 ft3/second).  The upstream opening will extend above normal high water and will be outfitted with a secured holding chamber of sufficient design to minimize predation or other mortality of captured animals.  Captured eel will be counted, photo-documented, and measured, if size allows.

Figure 1:
Potential Eel Ramp Location: Saluda Spillway
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Figure 2:
Potential Eel Ramp Location – USGS Gage Below Saluda Dam (# 02168504)
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IV. Schedule and Required Conditions


Sampling will begin in May 2006, or as soon as experimental eel sampling ramps can be installed, and will continue through October 2007.  Diadromous Fish TWC members will be notified via e-mail in the event that juvenile eels are captured, and an e-mail update will be issued monthly thereafter.  A final report summarizing the study findings will be issued upon completion of the study period.  All data collected will be provided in electronic format to agencies and interested stakeholders.  Study methodology, timing, and duration may be adjusted based on consultation with the resource agencies and interested stakeholders.

V. Use of Study Results


Study results will be used as an information resource during discussion of relicensing issues with the SCDNR, USFWS, NOAA – Fisheries (National Marine Fisheries Service), Fish & Wildlife RCG, Diadromous Fish TWC, and other relicensing stakeholders.
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		Kleinschmidt

		(803)822-3177

		shane.boring@kleinschmidtusa.com



		Jennifer Summerlin

		Kleinschmidt

		(803)822-3177
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		SCE&G
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		Randy Mahan

		SCANA Services
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From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

cc: Jennifer Hand; Kevin Nebiolo; 
Subject: Saluda IFIM - Additional Analyses
Date: Friday, January 11, 2008 4:37:41 PM

 
Dear Instream Flow TWC Members: 
As you may remember,  a number of additional analyses were requested at our recent Instream Flow 
workshop in December, including a dual flow analysis, habitat duration analysis, and 80% WUA 
summaries for the target guilds.  Results of these analyses are available for download at the following 
FTP site: 
ftp://ftp.kleinschmidtusa.com/455-058/Additional%20Analyses/ 
The primary components of the additional analyses include: 
1) Habitat Duration and Dual Flow Analyses methodology 
2) Attachment 1 Tables - Dual Flow Analysis (Tabular Form) 
3) Attachment 1 Figures - Dual Flow Analysis (Figures) 
4) Attachment 2 Low - Habitat Duration (Lower Water Year) 
5) Attachment 2 Average - Habitat Duration (Average Water Year) 
6) Attachment 2 High - Habitat Duration (High Water Year) 
7) 80% WUA Summary Memo for Guilds 
8) Attachment 3 - 80% WUA Summary Tables for Guilds 
We realize that this is a lot of information, so please keep in mind that we don't expect the group to be 
able to fully digest this information or begin making flow recommendations at next Tuesday's conference 
call.  Next Tuesday's call will merely be a chance for you to air your preliminary thoughts about the data, 
in particular:  
whether this is the type of information you were looking for.  
is the format, methodology, and organization of the data acceptable, etc.? 
Particularly with the (numerous) habitat duration curves -  thoughts on ways to consolidate the 
information. 
How we would like to work with it at the upcoming TWC workshop. 
In regards to Tuesday's call, I have touched base with most folks and they have indicated they are 
available.  I will be sending out a formal invitation later this afternoon with the access number, time and 
other pertinent info.  Thanks again to all for your dedication and contribution to this rather grueling 
process.     
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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From: Bill Marshall
To: Dave Anderson; C Coleman; Alison Guth; Tony Bebber; 

BARGENTIERI@scana.com; Guy Jones; J. Hamilton Hagood; Jennifer Hand; 
Jim Cumberland; Karen Kustafik; Kelly Maloney; Malcolm Leaphart; 
Mike Waddell; 

Subject: RE: Final Downstream Flow TWC Report
Date: Thursday, January 31, 2008 10:45:10 AM

Dave -- Thanks for the reply.  I was wondering, too, if the video is available, the 
one that records the rate of change during the study last year?  I'd be interested 
to see a condensed version, as I don't think I'd last watching all hours of the 
video. Thanks for your consideration.
 
Bill
 

From: Dave Anderson [mailto:Dave.Anderson@KleinschmidtUSA.com]  
Sent: Sunday, January 27, 2008 7:04 PM 
To: C Coleman; Bill Marshall; Alison Guth; Tony Bebber; Bill Argentieri; Guy 
Jones; J. Hamilton Hagood; Jennifer Hand; Jim Cumberland; Karen Kustafik; 
Kelly Maloney; Malcolm Leaphart; Mike Waddell 
Subject: RE: Final Downstream Flow TWC Report 
 
Bill,
 
Alan told me you were interested in a meeting and I agree it's time to have one.  I 
have drafted some draft recommendations that are being reviewed internally and 
hope to have them out soon.  Sit tight and we'll let let everyone know when they 
are ready and meet to discuss.
 
Dave

-----Original Message----- 
From: C Coleman [mailto:cheetahtrk@yahoo.com]  
Sent: Friday, January 25, 2008 2:46 PM 
To: Bill Marshall; Alison Guth; Tony Bebber; BARGENTIERI@scana.com; 
Dave Anderson; Guy Jones; J. Hamilton Hagood; Jennifer Hand; Jim 
Cumberland; Karen Kustafik; Kelly Maloney; Malcolm Leaphart; Mike 
Waddell 
Subject: Re: Final Downstream Flow TWC Report 
 
yes 
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When you have decided what you believe, what you feel 
must be done, have the courage to stand alone and be 
counted. 
- Eleanor Roosevelt 
 
Charlene Coleman 
 
American Whitewater 
Regional Coordinator 
 
 
----- Original Message ---- 
From: Bill Marshall <MarshallB@dnr.sc.gov> 
To: Alison Guth <Alison.Guth@KleinschmidtUSA.com>; Tony 
Bebber <tbebber@scprt.com>; Bill Argentieri <bargentieri@scana.
com>; Charlene Coleman <cheetahtrk@yahoo.com>; Dave Anderson 
<dave.anderson@kleinschmidtusa.com>; Guy Jones <guyjones@sc.rr.
com>; J. Hamilton Hagood <jhamilton@scana.com>; Jennifer 
Summerlin <Jennifer.Hand@KleinschmidtUSA.com>; Jim 
Cumberland <jimc@scccl.org>; Karen Kustafik 
<kakustafik@columbiasc.net>; Kelly Maloney <Kelly.
Maloney@KleinschmidtUSA.com>; Malcolm Leaphart 
<malcolml@mailbox.sc.edu>; Mike Waddell <mwaddell@esri.sc.
edu> 
Sent: Friday, January 25, 2008 3:33:31 PM 
Subject: RE: Final Downstream Flow TWC Report 
 
Hello everyone,
Having received a final version of the Downstream Flow Assessment 
Report in December, I am wondering what's next to be accomplished by 
our Downstream Flows TWC.   Shall we develop some 
recommendations?   
 
Bill
 

From: Alison Guth [mailto:Alison.Guth@KleinschmidtUSA.com]  
Sent: Monday, December 17, 2007 12:35 PM 



To: Tony Bebber; Bill Argentieri; Bill Marshall; Charlene Coleman; Dave 
Anderson; Guy Jones; J. Hamilton Hagood; Jennifer Summerlin; Jim 
Cumberland ; Karen Kustafik; Kelly Maloney; Malcolm Leaphart; Mike 
Waddell 
Cc: Van Hoffman; Alan Axson; Alan Stuart; Alison Guth; Amanda Hill; Bill 
Brebner ; Charlie Rentz; David Hancock; dchristie@comporium.net; 
George Duke; Gerrit Jobsis (American Rivers); ipitts@scprt.com; Jeff 
Duncan; Jennifer O'Rourke; Jim Devereaux; JoAnn Butler; Joy Downs; 
Keith Ganz-Sarto; turnerle@dhec.sc.gov; Lee Barber; Mark Leao; Marty 
Phillips; Miriam Atria; Norman Ferris; Randy Mahan; rparsons12@alltel.
net; Richard Mikell; sjones@imichotels.net; Steve Bell; Suzanne Rhodes; 
Tim Vinson; Tommy Boozer; Bill Mathias; Bret Hoffman; David Price; 
Edward Schnepel; Jay Schabacher ; Jerry Wise; Joel Huggins ; John and 
Rob Altenberg; Ken Uschelbec; Kenneth Fox; Norm Nicholson; Roger 
Hovis ; Lee (Skeet) Mills; Stephan Curry 
Subject: Final Downstream Flow TWC Report 
 
Hello Downstream Flow TWC, 

Attached is the Final Downstream Recreation Flow Assessment Report.  
For informational purposes, the Recreation and Safety RCG's are being 
CC'ed on this email as well.  Take care, Alison

<<Final Downstream Recreation Flow Assessment Report.zip>> 

Alison Guth  
Licensing Coordinator  
Kleinschmidt Associates  
204 Caughman Farm Lane, Suite 301  
Lexington, SC 29072  
Phone 803-951-2077  
Fax 803-951-2124 

 
 
 

Never miss a thing. Make Yahoo your homepage. 

http://us.rd.yahoo.com/evt=51438/*http://www.yahoo.com/r/hs


From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); 
Gina Kirkland; Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; 
Mark Giffin (giffinma@dhec.sc.gov); Mike Waddell; 
Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; 
Brandon Kulik; Alan Stuart; 

cc: Wade Bales (balesw@dnr.sc.gov); Alan Stuart; Bill East; Bill Hulslander; 
Bill Marshall; Bob Perry ; Bob Seibels (bseibels@yahoo.com); 
Charlene Coleman; Daniel Tufford; Ed Diebold; George Duke; Jeff Duncan; 
Jennifer O"Rourke; Jim Cumberland ; Jim Goller; Joe Logan; Joy Downs; 
Larry Turner (turnerle@dhec.sc.gov); Laura Boos (laura.mccary@gmail.
com); Mark Leao; Mike Sloan; Norman Ferris; Reed Bull (rbull@davisfloyd.
com); Robert Lavisky; Steve Bell; Steve Leach; Suzanne Rhodes; 
Tom Bowles (tbowles@scana.com); 

Subject: Final Lower Saluda River Instream Flow Data Report
Date: Thursday, March 06, 2008 10:02:40 AM

Dear Instream Flow TWC Members: 
The final version of the Lower Saluda River Instream Flow Data Report is available for download from 
the following location -  ftp://ftp.kleinschmidtusa.com/455-058/Final%20Report/.  Please note that this is 
merely the data report summarizing the field data collection and PHABSIM modeling results and thus 
does not include information regarding flow recommendations.  This final report incorporates all of the 
additional information requested by TWC members during the December and January workshops.  
Thanks to all who contributed to the study and please don't hesitate to call with questions. 
C. Shane Boring 
Environmental Scientist 
HYPERLINK "http://www.kleinschmidtusa.com/" Kleinschmidt Associates 
204 Caughman Farm Lane; Suite 301 
Lexington, SC 29072 
Phone: (803)951-2077 
Fax: (803)951-2124 
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From: Shane Boring
To: Theresa Thom; Alison Guth; Amanda Hill; Bill Argentieri; Bud Badr; 

Dick Christie (dchristie@comporium.net); Gerrit Jobsis (American Rivers); Gina Kirkland; 
Hal Beard; Jennifer Hand; Jim Glover; Malcolm Leaphart; Mark Giffin (giffinma@dhec.sc.
gov); Mike Waddell; Milton Quattlebaum (mquattlebaum@scana.com); Prescott Brownell; 
Randy Mahan; Ron Ahle; Scott Harder; Shane Boring; Steve Summer; Brandon Kulik; 
Alan Stuart; 

Subject: Saluda IFIM Conference Call to Discuss Additional Analyses Requested for Jan IFIM Workshop
Start: Tuesday, January 15, 2008 2:00:00 PM
End: Tuesday, January 15, 2008 3:30:00 PM
Location: Via Conference Line

 
To access the conference line, dial 1-888-500-7717 (long distance) or 217-6565 (local) or 76565 (SCE&G/SCANA 
personnel).  When prompted, enter the conference call ID – 7886. 
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From: Alison Guth
To: "Amanda_Hill@fws.gov"; "Joy Downs"; 

"Vivianne Vejdani"; 
Subject: Rebalancing Presentation and Pictures
Date: Friday, February 08, 2008 1:18:13 PM
Attachments: Craynes Landing.pdf 

Natural Areas....pdf 
Proposed Mgmt Plan Future Development Property4.pdf 
Rocky Creek.pdf 
Spring Creek.pdf 

 
 -----Original Message----- 
From:  Alison Guth   
Sent: Wednesday, January 23, 2008 11:27 AM 
To: Vivianne Vejdani ; Alan Stuart; Alison Guth; Amanda Hill; Ben Gregg (ben@scwf.org); Bill Argentieri; 
Carl Sundius; David Hancock; Dick Christie (dchristie@comporium.net); Jim Cumberland ; John Frick; Joy 
Downs; Randy Mahan; Rhett Bickley; Ron Ahle; Ronald Scott; Roy Parker; Steve Bell; Suzanne Rhodes; 
Tom Ruple; Tommy Boozer; Tony Bebber; Van Hoffman 
Subject: Yesterday's Presentation 
Hello Lake and Land TWC, 
Attached is the presentation from yesterday's meeting, as well as the photographs.  I will be emailing 
the spreadsheet out soon, the file I had was corrupt and would not open.  If you have any questions feel 
free to email me.  Thanks, Alison 
      
 
Alison Guth 
Licensing Coordinator  
Kleinschmidt Associates 
204 Caughman Farm Lane, Suite 301 
Lexington, SC 29072 
Phone 803-951-2077 
Fax 803-951-2124 
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Proposed Management 
Plan for 


SCE&G Future 
Development Property 


December 2007







BASELINE
• 1984 License


– Classifications
• Future Development
• Forest and Game Management
• Easement
• Project Works
• Recreation (Current and Future)


– “Protective/Restrictive” Classifications
• Forest and game management


– No sales
– No docks
– No ramps
– Best management practices forestry operations only


• Recreation
– Limited to public recreation access only
– No sales


• Project Works







BASELINE, Cont’d
• Future Development Property


– Available for sale (routine sales)
• No more than 5 acres for any one use 
• No more than 50 acres/year


– Most sold in any one year: 30.04 acres
– Total sold since 1984: 294.13 acres
– Average annual sales since 1984: 12.78 acres


• Buffer requirement: 75 feet back from 360’ contour
– Limited brushing and clearing


» < 3” in diameter @ 4’ height
» No permanent structures


• Docks
– Single family residential
– Multi-user docks
– Common docks
– Community access 


» Ramp 
» Courtesy dock


– Commercial Marinas/docks







New FERC-Mandated Restrictions


• FERC Order re:    dated _06-23-2004
– 75 foot, general non-disturbance setback


• Meandering path
• Docks
• 25 foot and 50 foot setbacks for ESA and non ESA
• Protection of backs of coves


– Environmentally Sensitive Areas
• Vegetative cover based: willows and button bushes
• Depth based: shallow coves and flats
• Protected species


– Limitation on docks
• Continuous ESAs – no docks
• Intermittent ESA’s – location-limited


– Application to Easement property







RE-BALANCING


• Only property within the Project Boundary Line 
of Project 516 is affected.


– SCE&G is not a governmental authority and cannot make zoning decisions.
– County development policies and plans should be the prerogative and 


responsibility of county government, not a regulated public utility.
– Shoreline management policies and programs must be directed at shoreline 


activities within the reasonable control of SCE&G as property owner and 
licensee.


• Toothpaste cannot be forced back into the tube – the lake shoreline already 
is fragmented.  It cannot be “un-fragmented.”







HOW TO RE-BALANCE
• Craft shoreline management prescriptions to encourage all back 


property (i.e. non Project Property) development-related shoreline 
impacts to be grouped so as to leave as much undisturbed shoreline 
as possible.


• Encourage establishment of setbacks where none exist.
• Encourage increased depth of setback where less than 75 feet 


depth lies between the PBL and the 360’ contour.
• Enforce setback restrictions, shoreline management prescriptions, 


vegetative protection, maintenance, and re-establishment 
requirements.







Existing Dock Permitting Policy for Future 
Development Property


• Individual Docks
• To qualify a lot for a single family dwelling must have a minimum width of 


100ft measured on the 75ft Buffer Zone


• Common Docks
• To quality for a common dock to be shared by two single family dwelling, 


each lot must have a minimum width of 50ft, measured on the 75ft Buffer 
Zone 







Community Boat ramp and Courtesy Dock
A community common access lot must have a minimum of 100ft 
width measured on the 75ft Buffer Zone with a minimum setback of
100ft for the nearest existing property line.
From the end of the proposed courtesy dock there must be a 


minimum of 150ft across the cove to the 360 contour.


Multi Slip Dock Policy
Requires County, State and Federal approval.


Setbacks and distance requirements same as easement  property.







FERC Approved 
Fringeland for Sale
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SCE&G Management Prescriptions December 2007


Lake Murray Miles Acres


75-Foot Setback 29.49 261.58


Causeway 1.23 4.16


Commercial Recreation 6.05 114.28


Conservation Areas 1.38 33.30


Easement 386.38 7943.93


Easement w/75-Foot Setback 0 294.13


Forest Management 100.13 3570.23


Future Development –FDID 1-348 91.49 1834.16


Project Operations 1.63 1057.53


Public Recreation 32.60 723.89


650.38 15,837.19







Proposed Management Plan
Applies to remaining SCE&G-owned Future Development 


property on Lake Murray


Plan proposed by the SCE&G Land and Lake Dept.


Allows SCE&G to continue with some Fringe Land Sales


Promotes  protection of the environmental and scenic values 
of the project







Proposed Management Plan
Plan would keep current 75-Foot buffer


Allow sale of fringe land above the 75-Foot buffer to back 
property owner


Permitting shoreline amenities will continue to be dependent on 
all other conditions specific to the approved SMP







Buffer Zone Enhancements
New Plan will establish a uniform 75-Foot non-


disturbance Buffer Zone


Back property owners who have less than 75 feet in 
depth to the 360 contour would be required to deed 
SCE&G so much of their property to create a 
uniformly 75-Foot Buffer Zone


After this condition is met, SCE&G will permit a dock 
along the shoreline, if the property qualifies for all 
other dock permitting requirements







Goals of Proposed Management Plan
Goal is to balance the desire for continued fringe land 


sales for revenue generation while protecting the 
recreational, environmental and scenic values of the 
remaining SCE&G future development shoreline


Plan also encourages less development density by 
requiring larger lots with more shoreline footage to 
qualify for docks


Reduces the number of docks and increases the 
distance between docks







Land Sales and Fringe Land Restrictions


Only owners of back property adjoining SCE&G fringe land may 
purchase the  available fringe land


Application for a dock would be allowed only after the purchase
of the fringe land


All qualifying conditions for dock permits, in addition to the 
setback and ownership conditions must be met







Dock Requirements


Individual Docks – To qualify, a lot for a single 
family dwelling must have a minimum width of  150 
feet, measured on the 75ft Buffer Zone Line







Individual
Docks
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Dock Requirements
Common Docks – To qualify for a common dock to 
be shared by two single family dwellings, each lot 
must have a minimum width of 100 feet, measured 
on the 75ft Buffer Zone Line







Common 
Dock
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Multi-Slip Docks
May be permitted in lieu of individual or common docks


A minimum of one-thousand feet (1000 ft) of continuous 
shoreline, measured at the 75ft Buffer Zone Line, is required


A minimum distance of five-hundred feet (500 ft) across a cove 
measured from the 360 contour to the 360 contour required


One and one half (1 ½) slips would be approved for each 150 
feet of property along the 75ft Buffer Zone Line


With a continuous shoreline of one-thousand feet (1000 ft.), a 
facility with a total of ten(10) slips could be approved with all other 
shoreline condition requirements met


A minimum distance of five-hundred feet (500 ft) across a cove 
measured from the 360 contour to the 360 contour required


One (1) ten foot (10 ft) wide meandering path will be allowed 
through the Buffer Zone to access a multi-slip dock







Multi-slip Docks
Exhibit 3
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Community Boat Ramp and Courtesy Dock
A common access lot must have a minimum of two-hundred foot 


(200 ft) width, measured on the 75ft Buffer Zone Line. Also it must 
be 150’ from the current adjacent property owner on both sides


Qualification for a common boat ramp will be heavily influenced 
by evaluations of any necessitated impact to existing trees and 
other vegetation within the buffer zone


Parking and turn around space must be above the 75’ Buffer 
Zone Line


No additional criteria







Community Boat Ramp & Courtesy Dock
Exhibit 4


PBL


75’B
uffer 


Z
one


360 Contour


Non-


Disturbance 


Area


10’ Meandering 


Path


Courtesy 
Dock


200’150’ 150’


Existing 
Property 
Owner 


Community 
Boat RampIndividual 


Dock Individual Dock


Road


Access 
Path


Launching/Turnaround


75’B
uffer


Z
one


150’


Fringeland 
Areas to be 
Sold


Buildable LotBuildable Lot







75-Foot Buffer Zone Management 
Buffer zone supports wildlife corridors and natural areas, 


protects water quality, reduces erosion, protects fish and 
wildlife habitat, and provides a visual separation of off-water 
development


Current FERC license requires a 75-Foot Buffer on project 
property. In areas where the PBL is less than 75 feet from the 
360 contour, the current plan provides no mechanism to 
leverage the dock permitting program to add property to create 
a full 75-Foot Buffer area. This proposed plan would change 
that.


If a back property owner chooses not to deed SCE&G 
sufficient land to create a full 75-Foot Buffer area, SCE&G will 
not permit a dock or sell any of the fringeland. 







75-Foot Buffer Zone Management
Will be a non-disturbance area except for such 


clearing necessary and approved for installation and 
maintenance of approved shoreline amenities


No clearing of trees, shrubs or vegetation will be 
allowed


Will allow clearing for a single, ten foot (10 ft) wide 
meandering access path 


Path must not encourage erosion 


Trees larger than 10 inches at breast height may not 
be removed within path


Lake Management representatives will work with 
property owners to lay out access paths







Natural Areas


•Fringe land will not be sold
Dock permits will be not be issued


Includes only those areas identified and classified as 
natural areas and Environmentally Sensitive Areas 
(ESA’s)







Recreation
Potential recreation sites will be identified and future 
recreation sites will be evaluated as part of the 
relicensing process. The Recreation Technical 
Working Committee will review the Recreation 
Assessment Study Report and make 
recommendations to the Land and Lake Resource 
Conservation Committee on Future Development 
lands needed for public recreation







What Did You Do?







Total Number Of Tracts


• 347 Tracts (Tract 91 Did Not Exist)
• 47 Tracts were eliminated


(below the dam, causeways, data error, and tracts already sold)


• 300 Remaining Tracts
• 76 Tracts(a portion or all to Natural Areas)
• 15 Tracts (a portion or all to Recreation)
• 16 Tracts (a portion or all to Forest Mgt)







Some Level of Protection
ACRES MILES


Natural Areas 440.68 19.65


Forest Management 206.16 9.45


Recreation 185.44 9.14


Sub-Total 819.87 37.56


Uniform 75’ Buffer Zone 477.86 53.25


Total 1310.14 91.49







Future Development Tracts
Miles of Shoreline


21.5%


10%


10.3%


58.% Proposed Natural Areas (76 tracts 19.65 miles)


Proposed Receation (15 tracts 9.14 miles)


Proposed Forest Management  (16 tracts 9.45 
miles)


Proposed Future Development (53.25 miles)


Total Shoreline Miles = 91.49 miles


Proposed 12-13-2007
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Future Development Protected
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SCE&G Management Prescriptions December 2007


Current Proposed


Lake Murray Miles Miles


75-Foot Setback 29.49 29.49


Causeway 1.23 1.23


Commercial Recreation 6.05 6.05


Natural Areas (Conservation Areas) 1.38 21.03


Easement 386.38 386.38


Easement w/75-Foot Setback 0 0


Forest Management 100.13 109.58


Future Development –FDID 1-348 91.49 53.25


Project Operations 1.63 1.63


Public Recreation 32.60 41.74


650.38 650.38







SCE&G Management Prescriptions December 2007


Current Proposed


Lake Murray Acres Acres


75-Foot Setback 261.58 261.58


Causeway 4.16 4.16


Commercial Recreation 114.28 114.28


Natural Areas(Conservation Areas) 33.30 473.98


Easement 7943.93 7943.93


Easement w/75-Foot Setback 294.13 294.13


Forest Management 3570.23 3776.39


Future Development –FDID 1-348 1834.16 1001.88


Project Operations 1057.53 1057.53


Public Recreation 723.89 909.33


15,837.19 15,837.19







Summary
ACRES MILES


Natural Areas 440.68 19.65


Forest Management 206.16 9.45


Recreation 185.44 9.14


Sub-Total 832.28 38.24


Future Development 1001.88 53.25


Total 1834.16 91.49







Dock Policy on Forest Management Lands


• The Land & Lake TWC will evaluate and 
determine if a dock permitting policy will 
be implemented.


• As of January 1, 2007 there are 88 private 
property owners that adjoin the current 
SCE&G Forest Management Lands that 
could be considered for some type of dock 
access.
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