
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

STAKEHOLDER CONSULTATION AND CORRESPONDENCE 
PART 1 



From: Alison Jakupca
To: Kelly Miller; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry
Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM,
MILTON; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane
Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: Parr Lake Level Fluctuation Transect Selection
Date: Monday, February 09, 2015 11:02:06 AM
Attachments: image001.png

Please see the following note from Henry and respond to the Doodle Poll referred to therein
at this link: http://doodle.com/c9gfvdsvmsnnstth
Fisheries TWC Member,
The Lake Level Fluctuation study plan identified several areas of Parr and Fairfield reservoirs
that we will evaluate during the 2015 study. Please refer to the study plan for the areas of the
reservoir that we plan to evaluate.
In preparation for data collections later this year, we are scheduling a trip to finalize our
selection of transect areas for sampling. We are planning this trip for either March 25 or 27,
2015. We will communicate the exact field trip date either the week before or at least by
Monday of that week based on weather conditions and the scheduled maintenance activities.
During this period, SCE&G will have contractors working on the Parr Shoals Dam spillway
gates, and the lake will be lowered to the lower end of its normal operating range (up to 9
feet). We plan to view the sampling areas from jon boats and have identified several at this
time – but space may become limited based upon the number of TWC members attending.
We will be taking pictures of the areas during the selection process, and will have those
available for TWC review at subsequent meetings and in the study report.
The survey will likely last most of the work day, and we plan to launch at 8:30 from Cannon’s
Creek Landing. If you choose to attend, please pack a lunch and bring some rain gear or warm
clothes in case we have inclement weather. Please let us know if you can attend on one or
both of these dates via the attached Doodle Poll link (link above). You can also let us know if
you have a jon boat that you can or would like to bring for the trip.
Thanks for your continued participation in the Parr Relicense.
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC 29072
706-339-3209
www.KleinschmidtGroup.com
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From: Alison Jakupca
To: Alison Jakupca; Kelly Miller; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry
Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM,
MILTON; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane
Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: Parr Lake Level Fluctuation Transect Selection
Date: Wednesday, February 25, 2015 11:20:38 AM
Attachments: image001.png

Good Morning All,
Thank you to those of you who responded to the Doodle Poll for the Parr Lake Level Fluctuation
Transect Selection. We are currently planning the Parr transect selection reconnaissance for
Wednesday, March 25th. We will be leaving from Cannon's Creek boat landing at 8:00 a.m. Due to
limited boat space, it is important that you confirm that you will be attending. The following
people responded to the doodle poll and I am assuming that they will be in attendance (if you are on
the list below, and will not be able to make it, please let me know):
Henry Mealing
Greg Mixon
Bill Argentieri
Dick Christie
Gerrit Jobsis
Bill Marshall
Byron Hamstead
Ron Ahle
Shane Boring
Please confirm if you are attending by March 11th so that we may plan. If you are attending,
please bring appropriate clothing and a bag lunch (lunch will not be provided). In the event of heavy
rain, we will shift the date and let those who have confirmed know of the new date a.s.a.p. A trip
reminder will be sent to those that have confirmed a couple of days before March 25th.
Thanks and let us know if you have any questions. Alison

From: Alison Jakupca 
Sent: Monday, February 09, 2015 11:02 AM
To: Kelly Miller; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing;
Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: Parr Lake Level Fluctuation Transect Selection

Please see the following note from Henry and respond to the Doodle Poll referred to therein
at this link: http://doodle.com/c9gfvdsvmsnnstth
Fisheries TWC Member,
The Lake Level Fluctuation study plan identified several areas of Parr and Fairfield reservoirs
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that we will evaluate during the 2015 study. Please refer to the study plan for the areas of the
reservoir that we plan to evaluate.
In preparation for data collections later this year, we are scheduling a trip to finalize our
selection of transect areas for sampling. We are planning this trip for either March 25 or 27,
2015. We will communicate the exact field trip date either the week before or at least by
Monday of that week based on weather conditions and the scheduled maintenance activities.
During this period, SCE&G will have contractors working on the Parr Shoals Dam spillway
gates, and the lake will be lowered to the lower end of its normal operating range (up to 9
feet). We plan to view the sampling areas from jon boats and have identified several at this
time – but space may become limited based upon the number of TWC members attending.
We will be taking pictures of the areas during the selection process, and will have those
available for TWC review at subsequent meetings and in the study report.
The survey will likely last most of the work day, and we plan to launch at 8:30 from Cannon’s
Creek Landing. If you choose to attend, please pack a lunch and bring some rain gear or warm
clothes in case we have inclement weather. Please let us know if you can attend on one or
both of these dates via the attached Doodle Poll link (link above). You can also let us know if
you have a jon boat that you can or would like to bring for the trip.
Thanks for your continued participation in the Parr Relicense.
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC 29072
706-339-3209
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: Kelly Miller
To: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg
Mixon (mixong@dnr.sc.gov); Henry Mealing; Jaclyn Daly (Jaclyn.Daly@noaa.gov); Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Kelly Miller; Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Malcolm Leaphart
(mwleapjr@att.net); QUATTLEBAUM, MILTON; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Castleberry
(castlews@dhec.sc.gov); Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Doodle Poll - WQ TWC meeting
Date: Monday, March 02, 2015 12:31:34 PM
Attachments: 2015-01-26 Parr WQ Memo.docx

Good morning,
 
Last summer, SCE&G and Kleinschmidt collected water quality data immediately downstream
of the Parr Hydro powerhouse and in the Parr forebay, as discussed at the June 25, 2014 WQ
TWC meeting.  Additionally, SCE&G explored the potential for aeration through turbine
venting. On February 4, 2015, SCE&G and Kleinschmidt met with SCDHEC to discuss the results
of the data collection efforts.  During our meeting, SCDHEC indicated that we now had enough
data for submission for the 401 Water Quality Certificate.  They did ask that SCE&G
explore developing a plan for using the existing turbine venting equipment to provide aeration
during times when DO excursions are anticipated in the Parr Shoals Dam discharge - based on
data from the USGS station.  The goal of SCE&G’s plan would be to meet the DO standard in
the Parr Shoals discharge at all times.
 
Attached is a memo that summarizes all of the data collection efforts from last summer.  We
would like to schedule a conference call to discuss this information with the WQ TWC.  Please
follow the Doodle link below to indicate which time is best for you.
 
http://doodle.com/vwdxbnmui93yczi5
 
Thanks,
Kelly
 
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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		Parr Hydroelectric Project – FERC No. 1894

Water Quality Baseline – Memorandum 





		TO:

		Parr/Fairfield Relicensing Water Quality Technical Working Committee (TWC)



		FROM:

		Kelly Miller and Henry Mealing – Kleinschmidt Associates



		DATE:

		March 2, 2015



		RE:

		Water Quality Report – Supplemental Dissolved Oxygen Data







The Parr Hydroelectric Project Baseline Water Quality Report includes analysis of both upstream and downstream water quality associated with the Parr Shoals Development and concluded that project operations could affect water quality downstream of Parr Shoals Dam. At the Water Quality TWC meeting on February 4, 2014, the TWC noted that the Baseline Water Quality Report identified periodic excursions of dissolved oxygen (DO) levels below 4.0 mg/l in the Parr Shoals Dam tailrace, as reported by the USGS station 02160991.  In an effort to understand these excursions better, SCE&G contacted USGS and asked if they had any further information on this station.  In June of 2011, the USGS installed a new sensor at the station 02160991.  From January 2011 through December 2014, there have been approximately 13 hourly excursions in DO below the 4.0 mg/l SCDHEC standard which is approximately 0.04 percent of that period of time.  At the request of the Water Quality TWC, SCE&G collected additional water quality data in the tailrace and forebay of Parr Shoals Dam to attempt to determine whether project operations are causing these excursions, and if so, how SCE&G might prevent them from occurring.



Tailrace Data – July – September 2014  



Methods

From July through September of 2014, SCE&G collected temperature and DO data at seven sites along the downstream face of the Parr Shoals Dam, adjacent to the USGS station 02160991, and at a location approximately 400 feet downstream of Parr Shoals Dam.  Data was collected on a weekly basis, three times per day including one hour before sunrise, at sunrise, and one hour after sunrise.  To see if unit location had an effect on DO, the turbine(s) running during collections and the number of any lowered flashboard was also recorded.  



Results

SCE&G collected data in the tailrace for two main reasons: (1) to verify the accuracy of the USGS gage station 02160991 and (2) to determine if DO could be correlated to an early morning DO sag or related to which turbine units were running at the time of data collection.  During the sampling period, DO levels consistently stayed above 4.0 mg/l.  No excursions were recorded by SCE&G or on the USGS gage (Table 1).  Data collected by SCE&G at the site of the USGS station 02160991 was consistent with the USGS gage.  

[bookmark: _Ref408911015]Table 1	Dissolved Oxygen Data at USGS Station 02160991 and Parr Shoals Tailrace 	July – September 2014.

		Date

		USGS Data

		SCE&G Data



		

		Time

		DO mg/l

		Time

		DO mg/l



		7/2/14

		5:00 AM

		6.2

		5:35 AM

		6.12



		

		6:00 AM

		6.0

		6:37 AM

		5.95



		

		7:00 AM

		6.0

		7:42 AM

		5.86



		

		8:00 AM

		6.0

		

		



		7/10/14

		5:00 AM

		6.0

		5:32 AM

		6.24



		

		6:00 AM

		5.9

		6:27 AM

		6.16



		

		7:00 AM

		5.7

		7:33 AM

		6.08



		

		8:00 AM

		5.5

		

		



		7/15/14

		5:00 AM

		5.5

		5:34 AM

		5.62



		

		6:00 AM

		5.4

		6:32 AM

		5.32



		

		7:00 AM

		4.9

		7:42 AM

		4.91



		

		8:00 AM

		5.0

		

		



		7/24/14

		5:00 AM

		5.2

		5:41 AM

		5.15



		

		6:00 AM

		5.2

		6:51 AM

		5.03



		

		7:00 AM

		5.1

		7:50 AM

		5.49



		

		8:00 AM

		5.3

		

		



		7/31/14

		5:00 AM

		5.8

		5:43 AM

		5.66



		

		6:00 AM

		5.7

		6:42 AM

		5.55



		

		7:00 AM

		5.7

		7:54 AM

		5.53



		

		8:00 AM

		5.7

		

		



		8/7/14

		5:00 AM

		6.0

		5:39 AM

		5.90



		

		6:00 AM

		6.0

		6:48 AM

		5.84



		

		7:00 AM

		5.9

		7:49 AM

		5.74



		

		8:00 AM

		5.9

		

		



		8/13/14

		5:00 AM

		5.9

		5:30 AM

		5.83



		

		6:00 AM

		5.9

		6:33 AM

		5.86



		

		7:00 AM

		5.9

		7:33 AM

		5.83



		

		8:00 AM

		5.9

		

		



		8/20/14

		5:00 AM

		5.8

		5:48 AM

		5.90



		

		6:00 AM

		5.8

		6:46 AM

		5.97



		

		7:00 AM

		5.7

		7:56 AM

		5.86



		

		8:00 AM

		5.7

		

		



		8/26/14

		5:00 AM

		6.3

		5:41 AM

		6.26



		

		6:00 AM

		6.4

		6:51 AM

		6.51



		

		7:00 AM

		6.4

		7:48 AM

		6.35



		

		8:00 AM

		6.3

		

		



		9/3/14

		5:00 AM

		5.7

		5:29 AM

		6.02



		

		6:00 AM

		5.8

		6:40 AM

		5.73



		

		7:00 AM

		5.4

		7:53 AM

		5.46



		

		8:00 AM

		5.4

		

		



		9/10/14

		6:00 AM

		5.6

		6:30 AM

		5.62



		

		7:00 AM

		5.7

		7:46 AM

		5.78



		

		8:00 AM

		5.7

		8:46 AM

		5.71



		

		9:00 AM

		5.7

		

		



		9/16/14

		6:00 AM

		5.0

		6:22 AM

		4.94



		

		7:00 AM

		5.0

		7:24 AM

		4.98



		

		8:00 AM

		5.0

		8:24 AM

		4.92



		

		9:00 AM

		5.0

		

		



		9/25/14

		6:00 AM

		7.3

		6:33 AM

		7.10



		

		7:00 AM

		7.3

		7:34 AM

		7.65



		

		8:00 AM

		7.3

		8:29 AM

		7.62



		

		9:00 AM

		7.3

		

		







Results did not detect a clear correlation between DO readings and the units running at the time of data collection.  See Appendix A for a complete list of the data collected during this effort.    



Forebay Data – October & November 2014



Methods

Water quality data, including DO and temperature, were collected in the forebay of the Parr Shoals Dam to determine if low DO water is being released through the turbines, causing the DO in the tailrace to drop.  The data was collected using two HOBO data loggers, with one logger located approximately one foot above the bottom of the reservoir and the other located approximately one foot below the surface of the reservoir.  Data was logged on an hourly basis from October 16, 2014 through December 3, 2014.  We had planned to begin collections earlier but did not receive the data loggers until mid-September.



Results

Results showed the expected correlations between DO and temperature and natural diel fluctuations (Figure 1 through Figure 4).  DO levels at the bottom of the forebay are consistently slightly lower than those at the top of the forebay, and there was no evidence of stratification in the forebay area of the reservoir.  There were no low DO events observed in the tailrace during the monitoring effort.  
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[bookmark: _Ref408926608]Figure 1	DO and Temperature at Bottom of Parr Shoals Dam Forebay
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Figure 2	DO and Temperature at the Top of Parr Shoals Dam Forebay 



[image: ]









Figure 3	Parr Shoals Dam Forebay Dissolved Oxygen
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[bookmark: _Ref408926621]Figure 4	Parr Shoals Dam Forebay Temperatures
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Parr Aeration Investigation – August 2014



Because of the success with turbine self-venting (or self-aerating) at the Saluda Hydro Project, SCE&G performed some initial investigations to determine if turbine aerating at the Parr Shoals Development was feasible for periodically increasing the tailrace DO levels.  Bret Hoffman (Kleinschmidt), Amy Bresnahan (SC&EG), Milton Quattlebaum (SCE&G), and Mike Hall (USGS) performed some initial onsite turbine venting tests at the Parr Shoals Development on the morning of  August 20, 2014.  The results of their investigation are included below. 



During each test run, water quality measurements (DO, temperature, and % DO saturation) were recorded with handheld meters (independent of the permanently installed USGS gage station equipment) in the tailrace at the bay 7 location (which is between the six turbine bays and the shore) and along the shoreline adjacent to the USGS gage. These measurements provided a cursory examination of the ability of the Units to aerate by opening the existing vacuum breaker valves located on the turbine head cover.  Only Units 1, 3, and 4 were available for operation testing as the other units were out of service for repair, and Unit 4 could not be shut down because of equipment issues.  During testing all river flow was passed through the turbine units and the spillway gates were in the closed (raised) position.  Test runs for the water quality measurements were conducted in combinations of turbine operations as described below and were partially dictated by the requirement that Unit 4 could not be shut down.  The headpond and tailwater elevations were also recorded, as were individual generator kW and kVar outputs.



Unit 4 - Test

Initially, tailrace readings were collected with only Unit 4 operating, and the vacuum breaker valve closed.  Then, the vacuum breaker valve was fully opened to allow aeration, and audibly drew in air.  The effects of the introduced air were clearly visible in the tailrace. The initial tailrace reading collected with the valve closed was 5.66 mg/l, the reading at bay 7 with the valve open was 5.82 mg/l.  Upon closing the valve, the DO at bay 7 dropped to 5.78 mg/l, although the aerated water may not have had time to flush out from the tailrace area.  The USGS measurements on the shore were 5.58 mg/l prior to opening any turbine vents, and 5.75mg/l with the vent open for 25 minutes.  The USGS reading did not drop after the valve was closed, and matched the bay 7 reading of 5.78 mg/l, supporting the theory that residual aerated water remained in the immediate tailrace area.  Initial saturation was 71% (valve closed), and with the valve open the saturation increased to 74.9%.  Saturation levels reported near the USGS gage were within a tenth of a percent of those recorded at bay 7.



Units 1 and 4

Unit 1 was started (valve closed) and allowed to stabilize for 15 minutes.  DO readings were collected with Unit 1 valve closed and Unit 4 valve open.  The USGS reading increased to 5.84 mg/l, while the bay 7 reading increased from 5.82 mg/l to 5.86 mg/l.  The Unit 1 valve was opened and readings were collected after 15 minutes of stabilization.  The measurement near the USGS gage was 5.80 mg/l, while the bay 7 reading was 5.88 mg/l.  Saturation with Unit 1 (valve closed) and Unit 4 (valve open) was 73%, which increased to 75.4% with both units’ valves open.



Units 1, 3, and 4

Unit 3 was started and operated for 15 minutes with no valve open, while the valves for Units 1 and 4 were left open.  The measurements from the USGS site and at bay 7 were both 5.80 mg/l, and the saturation at bay 7 was 74.8%.  When the valve was opened on Unit 3, the bay 7 reading was 5.76 mg/l and the USGS reading was 5.75 mg/l with a saturation level of 74.3% - with all three units aerating.  USGS took an additional measurement at bay 2 (between units 1 and 3) with all units aerating, which ranged from 6.08 mg/l to 6.15 mg/l; at 6.08 mg/l, saturation was 79%.



One final measurement was taken with all units 1, 3 and 4 operating but all three valves closed.  The reading near the USGS gage was 5.71 mg/l while the bay 7 reading was 5.73 mg/l, indicating very minimal reduction from aerating.  It is likely that the aerated water in the tailrace area did not flush out and resulted in higher readings.  The USGS handheld meter was used to re-sample water quality at bay 2 and the DO dropped to 5.89 mg/l and 75% saturation.



Discussion

The three units tested will aerate with their current valve configurations. The inability to shut down unit 4 likely prevented the aerated flows from units 1 and 3 from reaching the shore, as they are located further toward the middle of the river.  While the DO readings with various combinations of valves open for all three units was fairly stable, the initial increase from Unit 4 indicates there is an ability to increase dissolved oxygen by aerating.  Saturation was between 71% initial reading (prior to any aeration), and 75% after the valve was opened, indicating an increase in saturation.  Saturation levels were near 75% for all readings following the initial valve opening.



Saturation was calculated for all the DO excursions (below 4.0 mg/L) during the past three years as recorded by the USGS gage.  While the saturation levels during the aeration testing ranged from 71% (without aerating) up to 76%, the levels calculated for the excursions varied between 44.8% and 51.18%.  Water temperatures during the testing ranged between 27.5 and 28.1 oC, while temperature during the excursions was measured at 29.3 to 30.1 oC.



The initial increase in DO measured during testing was approximately 0.17 mg/l.  This indicates the turbines have some ability to increase DO by aerating, although the saturation percentage and water temperatures were significantly different during the historic DO excursions.  A better determination of effectiveness could be made under lower DO and saturation conditions during the summer.  Also, testing during a period when all of the turbine units can be manipulated (turned on/off and aerating on/off) would give more precise information on the performance of each unit.





[bookmark: _Ref408911807]













Appendix A

Tailrace Data




		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		



		Date: 7/2/14

		

		

		

		



		Samplers:  Milton Quattlebaum and Kelly Miller

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:11 AM

		Unit 1

		5.79

		27.30

		on

		



		5:16 AM

		Unit 2

		5.92

		27.45

		off

		



		5:20 AM

		Unit 3

		5.90

		27.44

		on

		



		5:23 AM

		Unit 4

		6.01

		27.69

		on

		



		5:26 AM

		Unit 5

		6.18

		27.94

		off

		



		5:29 AM

		Unit 6

		6.14

		27.94

		off

		



		5:35 AM

		At USGS gage

		6.12

		27.92

		

		



		5:41 AM

		DWNSTRM Plant

		6.09

		27.89

		

		



		6:16 AM

		Unit 1

		5.97

		27.30

		on

		



		6:19 AM

		Unit 2

		5.89

		27.40

		off

		



		6:21 AM

		Unit 3

		5.90

		27.48

		on

		



		6:23 AM

		Unit 4

		6.06

		27.74

		on

		



		6:26 AM

		Unit 5

		5.99

		27.76

		off

		



		6:28 AM

		Unit 6

		5.98

		27.79

		off

		



		6:33 AM

		NPDES 001 sign

		6.00

		27.62

		

		



		6:37 AM

		At USGS gage

		5.95

		27.74

		

		



		6:42 AM

		DWNSTRM Plant

		5.94

		27.71

		

		



		7:17 AM

		Unit 1

		5.74

		27.25

		on

		



		7:22 AM

		Unit 2

		5.82

		27.36

		off

		



		7:25 AM

		Unit 3

		5.84

		27.40

		on

		



		7:27 AM

		Unit 4

		6.03

		27.64

		on

		



		7:30 AM

		Unit 5

		5.93

		27.61

		off

		



		7:33 AM

		Unit 6

		5.89

		27.63

		off

		



		7:36 AM

		NPDES 001 sign

		5.93

		27.62

		

		



		7:42 AM

		At USGS gage

		5.86

		27.56

		

		



		7:49 AM

		DWNSTRM Plant

		5.89

		27.57

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		221.37

		261.52

		258.50

		6.2

		27.8



		6:00 AM

		221.35

		260.89

		262.50

		6.0

		27.6



		7:00 AM

		221.65

		260.44

		258.50

		6.0

		27.5



		8:00 AM

		

		

		

		6.0

		27.4









		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		



		Date: 7/10/14

		

		

		

		



		Samplers:  Milton Quattlebaum and Kelly Miller

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:04 AM

		Unit 1

		5.73

		27.40

		on

		



		5:08 AM

		Unit 2

		5.75

		27.45

		off

		



		5:11 AM

		Unit 3

		5.86

		27.48

		on

		



		5:15 AM

		Unit 4

		6.09

		27.53

		on

		



		5:18 AM

		Unit 5

		6.28

		27.69

		off

		



		5:21 AM

		Unit 6

		6.24

		27.66

		off

		



		5:24 AM

		NPDES 001 sign

		6.26

		27.67

		

		



		5:32 AM

		At USGS gage

		6.24

		27.61

		

		



		5:35 AM

		DWNSTRM Plant

		6.24

		27.65

		

		



		6:07 AM

		Unit 1

		5.75

		27.44

		on

		



		6:10 AM

		Unit 2

		5.82

		27.47

		off

		



		6:13 AM

		Unit 3

		5.89

		27.51

		on

		



		6:15 AM

		Unit 4

		6.27

		27.64

		on

		



		6:18 AM

		Unit 5

		6.24

		27.65

		off

		



		6:20 AM

		Unit 6

		6.20

		27.64

		off

		



		6:22 AM

		NPDES 001 sign

		6.19

		27.65

		

		



		6:27 AM

		At USGS gage

		6.16

		27.63

		

		



		6:32 AM

		DWNSTRM Plant

		6.16

		27.59

		

		



		7:14 AM

		Unit 1

		5.87

		27.50

		on

		



		7:16 AM

		Unit 2

		5.84

		27.51

		off

		



		7:19 AM

		Unit 3

		5.91

		27.51

		on

		



		7:21 AM

		Unit 4

		6.19

		27.59

		on

		



		7:23 AM

		Unit 5

		6.15

		27.60

		off

		



		7:25 AM

		Unit 6

		6.16

		27.62

		off

		



		7:27 AM

		NPDES 001 sign

		6.13

		27.61

		

		



		7:33 AM

		At USGS gage

		6.08

		27.61

		

		



		7:40 AM

		DWNSTRM Plant

		6.15

		27.50

		

		



		

		

		

		

		*lowered crest gates 5 and 6 at 7:20 am 



		

		

		

		

		

		



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		221.36

		260.89

		266.00

		6.0

		27.6



		6:00 AM

		221.35

		260.57

		266.00

		5.9

		27.5



		7:00 AM

		221.93

		260.59

		258.00

		5.7

		27.5



		8:00 AM

		

		

		

		5.5

		27.4








		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 7/15/14

		

		

		

		



		Samplers:  Milton Quattlebaum and Kelly Miller

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:10 AM

		Unit 1

		5.30

		28.19

		on

		



		5:14 AM

		Unit 2

		5.29

		28.25

		off

		



		5:17 AM

		Unit 3

		5.30

		28.29

		on

		



		5:19 AM

		Unit 4

		5.70

		28.42

		on

		



		5:22 AM

		Unit 5

		5.63

		28.45

		off

		



		5:25 AM

		Unit 6

		5.54

		28.48

		off

		



		5:28 AM

		NPDES 001 sign

		5.64

		28.41

		

		



		5:34 AM

		At USGS gage

		5.62

		28.34

		

		



		5:39 AM

		DWNSTRM Plant

		5.57

		28.41

		

		



		6:13 AM

		Unit 1

		4.77

		28.18

		on

		



		6:15 AM

		Unit 2

		4.81

		28.21

		off

		



		6:18 AM

		Unit 3

		4.92

		28.22

		on

		



		6:20 AM

		Unit 4

		5.19

		28.25

		on

		



		6:22 AM

		Unit 5

		5.40

		28.16

		off

		



		6:25 AM

		Unit 6

		5.35

		28.24

		off

		



		6:27 AM

		NPDES 001 sign

		5.31

		28.34

		

		



		6:32 AM

		At USGS gage

		5.32

		28.30

		

		



		6:36 AM

		DWNSTRM Plant

		5.33

		28.29

		

		



		7:22 AM

		Unit 1

		4.98

		28.18

		on

		



		7:25 AM

		Unit 2

		4.94

		28.15

		off

		



		7:27 AM

		Unit 3

		4.94

		28.11

		on

		



		7:30 AM

		Unit 4

		5.00

		28.12

		on

		



		7:32 AM

		Unit 5

		5.18

		28.18

		off

		



		7:35 AM

		Unit 6

		5.02

		28.19

		off

		



		7:37 AM

		NPDES 001 sign

		5.03

		28.16

		

		



		7:42 AM

		At USGS gage

		4.91

		28.08

		

		



		7:47 AM

		DWNSTRM Plant

		5.00

		28.18

		

		



		7:55 AM

		Unit 1

		4.86

		28.12

		on

		



		

		

		

		

		*not spilling while monitoring



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		221.34

		258.63

		266, except 5&6 at 264

		5.5

		28.3



		6:00 AM

		221.31

		258.40

		266, except 5&6 at 264

		5.4

		28.2



		7:00 AM

		221.34

		258.68

		266, except 5&6 at 264

		4.9

		28



		8:00 AM

		

		

		

		5.0

		28









		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 7/24/14

		

		

		

		



		Samplers:  Milton Quattlebaum and Kelly Miller

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:10 AM

		Unit 1

		5.23

		27.34

		off

		



		5:15 AM

		Unit 2

		5.26

		27.32

		off

		



		5:17 AM

		Unit 3

		5.21

		27.30

		off

		



		5:21 AM

		Unit 4

		5.43

		27.35

		on

		



		5:24 AM

		Unit 5

		5.15

		27.32

		off

		



		5:29 AM

		Unit 6

		4.81

		27.21

		off

		



		5:35 AM

		NPDES 001 sign

		5.11

		27.29

		

		



		5:41 AM

		At USGS gage

		5.15

		27.28

		

		



		5:46 AM

		DWNSTRM Plant

		4.70

		27.19

		

		



		6:27 AM

		Unit 1

		5.27

		27.29

		off

		



		6:33 AM

		Unit 2

		5.26

		27.23

		off

		



		6:35 AM

		Unit 3

		5.28

		27.28

		off

		



		6:38 AM

		Unit 4

		5.19

		27.30

		on

		



		6:41 AM

		Unit 5

		5.09

		27.29

		off

		



		6:43 AM

		Unit 6

		4.97

		27.27

		off

		



		6:46 AM

		NPDES 001 sign

		5.05

		27.21

		

		



		6:51 AM

		At USGS gage

		5.03

		27.27

		

		



		6:56 AM

		DWNSTRM Plant

		4.72

		27.09

		

		



		7:22 AM

		Unit 1

		5.18

		27.24

		off

		



		7:32 AM

		Unit 2

		5.68

		27.24

		off

		



		7:33 AM

		Unit 3

		5.68

		27.27

		off

		



		7:37 AM

		Unit 4

		5.83

		27.26

		on

		



		7:40 AM

		Unit 5

		5.49

		27.25

		off

		



		7:42 AM

		Unit 6

		5.43

		27.11

		off

		



		7:45 AM

		NPDES 001 sign

		5.50

		27.21

		

		



		7:50 AM

		At USGS gage

		5.49

		26.68

		

		



		7:55 AM

		DWNSTRM Plant

		5.47

		27.06

		

		



		8:00 AM

		Unit 1

		5.63

		27.25

		off

		



		

		

		

		

		

		



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		220.47

		260.11

		Gates 1, 2, 3, 4: 264

		5.2

		27.2



		6:00 AM

		220.47

		259.41

		Gates 5, 6, 7, 8: 266

		5.2

		27.2



		7:00 AM

		220.46

		258.97

		

		5.1

		27.1



		8:00 AM

		

		

		

		5.3

		27.1








		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 7/31/14

		

		

		

		



		Samplers:  Milton Quattlebaum 

		

		

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:18 AM

		Unit 1

		5.72

		27.49

		on 

		



		5:21 AM

		Unit 2

		5.73

		27.52

		off

		



		5:24 AM

		Unit 3

		5.73

		27.50

		off

		



		5:27 AM

		Unit 4

		5.78

		27.51

		on 

		



		5:30 AM

		Unit 5

		5.65

		27.49

		off

		



		5:33 AM

		Unit 6

		5.60

		27.48

		off

		



		5:37 AM

		NPDES 001 sign

		5.67

		27.46

		

		



		5:43 AM

		At USGS gage

		5.66

		27.32

		

		



		5:50 AM

		DWNSTRM Plant

		5.54

		27.39

		

		



		6:22 AM

		Unit 1

		5.71

		27.42

		on 

		



		6:25 AM

		Unit 2

		5.71

		27.47

		off

		



		6:28 AM

		Unit 3

		5.73

		27.48

		off

		



		6:31 AM

		Unit 4

		5.81

		27.46

		on 

		



		6:33 AM

		Unit 5

		5.61

		27.42

		off

		



		6:36 AM

		Unit 6

		5.59

		27.41

		off

		



		6:38 AM

		NPDES 001 sign

		5.64

		27.43

		

		



		6:42 AM

		At USGS gage

		5.55

		27.32

		

		



		6:47 AM

		DWNSTRM Plant

		5.61

		27.22

		

		



		7:32 AM

		Unit 1

		5.64

		27.41

		on 

		



		7:36 AM

		Unit 2

		5.69

		27.37

		off

		



		7:39 AM

		Unit 3

		5.69

		27.42

		off

		



		7:41 AM

		Unit 4

		5.73

		27.41

		on 

		



		7:44 AM

		Unit 5

		5.63

		27.39

		off

		



		7:46 AM

		Unit 6

		5.66

		27.38

		off

		



		7:49 AM

		NPDES 001 sign

		5.68

		27.38

		

		



		7:54 AM

		At USGS gage

		5.53

		27.36

		

		



		7:59 AM

		DWNSTRM Plant

		5.61

		27.32

		

		



		8:07 AM

		Unit 1

		5.60

		27.49

		on 

		



		

		

		

		

		*no gates spilling

		



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		220.97

		260.44

		Gates 1, 2, 5, 6, 9, 10: 266

		5.8

		27.4



		6:00 AM

		220.99

		259.66

		Gates 3, 4:264

		5.7

		27.3



		7:00 AM

		220.95

		259.00

		Gates 7, 8: 263

		5.7

		27.3



		8:00 AM

		

		

		

		5.7

		27.3









		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 8/7/14

		

		

		

		



		Samplers:  Milton Quattlebaum

		

		

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:14 AM

		Unit 1

		5.90

		27.37

		off

		



		5:14 AM

		Unit 2

		5.92

		27.30

		off

		



		5:20 AM

		Unit 3

		6.02

		27.32

		on

		



		5:23 AM

		Unit 4

		5.99

		27.29

		on

		



		5:26 AM

		Unit 5

		5.92

		27.34

		off

		



		5:29 AM

		Unit 6

		5.92

		27.33

		off

		



		5:33 AM

		NPDES 001 sign

		5.88

		27.30

		

		



		5:39 AM

		At USGS gage

		5.90

		27.30

		

		



		5:48 AM

		DWNSTRM Plant

		5.80

		27.18

		

		



		6:25 AM

		Unit 1

		5.94

		27.33

		off

		



		6:29 AM

		Unit 2

		5.94

		27.33

		off

		



		6:31 AM

		Unit 3

		6.02

		27.34

		on

		



		6:34 AM

		Unit 4

		5.95

		27.32

		on

		



		6:36 AM

		Unit 5

		5.90

		27.32

		off

		



		6:39 AM

		Unit 6

		5.86

		27.28

		off

		



		6:42 AM

		NPDES 001 sign

		5.90

		27.30

		

		



		6:48 AM

		At USGS gage

		5.84

		27.27

		

		



		6:58 AM

		DWNSTRM Plant

		5.68

		27.13

		

		



		7:27 AM

		Unit 1

		5.82

		27.34

		off

		



		7:30 AM

		Unit 2

		5.92

		27.29

		off

		



		7:33 AM

		Unit 3

		5.97

		27.36

		on

		



		7:36 AM

		Unit 4

		5.95

		27.32

		on

		



		7:39 AM

		Unit 5

		5.90

		27.27

		off

		



		7:42 AM

		Unit 6

		5.85

		27.26

		off

		



		7:45 AM

		NPDES 001 sign

		5.90

		27.28

		

		



		7:49 AM

		At USGS gage

		5.74

		27.21

		

		



		7:56 AM

		DWNSTRM Plant

		5.73

		27.15

		

		



		8:03 AM

		Unit 1

		5.83

		27.27

		off

		



		

		

		

		

		*no gates spilling



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		220.76

		258.89

		Gates 1, 2, 9, 10:266

		6.0

		27.2



		6:00 AM

		220.75

		258.17

		Gates 3, 4, 5, 6, 7, 8: 264

		6.0

		27.2



		7:00 AM

		220.72

		258.02

		

		5.9

		27.2



		8:00 AM

		

		

		

		5.9

		27.2








		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 8/13/14

		

		

		

		



		Samplers:  Milton Quattlebaum and Kelly Miller

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:09 AM

		Unit 1

		5.87

		26.18

		on

		



		5:13 AM

		Unit 2

		5.85

		26.24

		off

		



		5:15 AM

		Unit 3

		5.89

		26.26

		on

		



		5:18 AM

		Unit 4

		5.93

		26.26

		on

		



		5:20 AM

		Unit 5

		5.80

		26.28

		off

		



		5:23 AM

		Unit 6

		5.81

		26.27

		off

		



		5:25 AM

		NPDES 001 sign

		5.82

		26.27

		

		



		5:30 AM

		At USGS gage

		5.83

		26.24

		

		



		5:35 AM

		DWNSTRM Plant

		5.85

		26.23

		

		



		6:13 AM

		Unit 1

		5.85

		26.20

		on

		



		6:16 AM

		Unit 2

		5.87

		26.19

		off

		



		6:18 AM

		Unit 3

		5.85

		26.21

		on

		



		6:20 AM

		Unit 4

		5.93

		26.19

		on

		



		6:23 AM

		Unit 5

		5.83

		26.18

		off

		



		6:25 AM

		Unit 6

		5.81

		26.18

		off

		



		6:28 AM

		NPDES 001 sign

		5.83

		26.18

		

		



		6:33 AM

		At USGS gage

		5.86

		26.15

		

		



		6:38 AM

		DWNSTRM Plant

		5.87

		26.14

		

		



		7:17 AM

		Unit 1

		5.86

		26.14

		on

		



		7:19 AM

		Unit 2

		5.86

		26.15

		off

		



		7:21 AM

		Unit 3

		5.88

		26.15

		on

		



		7:23 AM

		Unit 4

		5.94

		26.12

		on

		



		7:25 AM

		Unit 5

		5.86

		26.10

		off

		



		7:27 AM

		Unit 6

		5.88

		26.09

		off

		



		7:29 AM

		NPDES 001 sign

		5.89

		26.08

		

		



		7:33 AM

		At USGS gage

		5.83

		26.07

		

		



		7:37 AM

		DWNSTRM Plant

		5.90

		26.06

		

		



		7:41 AM

		Unit 1

		5.90

		26.12

		on

		



		

		

		

		

		*no gates spilling



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		221.33

		259.89

		1, 2, 9, 10: 266

		5.9

		26.1



		6:00 AM

		221.33

		259.5

		3, 4, 5, 6, 7, 8: 261

		5.9

		26.0



		7:00 AM

		221.07

		259.57

		

		5.9

		26.0



		8:00 AM

		

		

		

		5.9

		26.0









		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 8/20/14

		

		

		

		



		Samplers:  Milton Quattlebaum

		

		

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:24 AM

		Unit 1

		5.53

		27.54

		on

		



		5:27 AM

		Unit 2

		5.88

		27.68

		off

		



		5:30 AM

		Unit 3

		5.91

		27.65

		off

		



		5:33 AM

		Unit 4

		5.99

		27.67

		on

		



		5:36 AM

		Unit 5

		5.92

		27.68

		off

		



		5:39 AM

		Unit 6

		5.91

		27.64

		off

		



		5:42 AM

		NPDES 001 sign

		5.91

		27.64

		

		



		5:48 AM

		At USGS gage

		5.90

		27.47

		

		



		5:53 AM

		DWNSTRM Plant

		5.90

		27.55

		

		



		6:26 AM

		Unit 1

		5.63

		27.70

		on

		



		6:29 AM

		Unit 2

		5.87

		27.68

		off

		



		6:31 AM

		Unit 3

		5.86

		27.67

		off

		



		6:33 AM

		Unit 4

		5.91

		27.66

		on

		



		6:35 AM

		Unit 5

		5.87

		27.63

		off

		



		6:38 AM

		Unit 6

		5.86

		27.60

		off

		



		6:41 AM

		NPDES 001 sign

		5.93

		27.65

		

		



		6:46 AM

		At USGS gage

		5.97

		27.21

		

		



		6:50 AM

		DWNSTRM Plant

		5.86

		27.48

		

		



		7:32 AM

		Unit 1

		5.67

		27.64

		on

		



		7:34 AM

		Unit 2

		5.96

		27.57

		off

		



		7:38 AM

		Unit 3

		5.92

		27.66

		off

		



		7:41 AM

		Unit 4

		6.02

		27.65

		on

		



		7:43 AM

		Unit 5

		5.97

		27.64

		off

		



		7:45 AM

		Unit 6

		5.87

		27.53

		off

		



		7:48 AM

		NPDES 001 sign

		5.93

		27.61

		

		



		7:56 AM

		At USGS gage

		5.86

		27.47

		

		



		8:00 AM

		DWNSTRM Plant

		5.83

		27.50

		

		



		8:09 AM

		Unit 1

		5.73

		27.61

		on

		



		

		

		

		

		*no gates spilling



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		220.97

		258.50

		1, 2, 9, 10: 265

		5.8

		27.6



		6:00 AM

		220.96

		258.37

		3, 4, 5, 6, 7, 8: 266

		5.8

		27.6



		7:00 AM

		220.94

		258.42

		

		5.7

		27.5



		8:00 AM

		

		

		

		5.7

		27.5








		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 8/26/14

		

		

		

		



		Samplers:  Milton Quattlebaum

		

		

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:17 AM

		Unit 1

		7.05

		28.08

		off

		



		5:20 AM

		Unit 2

		7.02

		28.08

		off

		



		5:23 AM

		Unit 3

		7.09

		28.07

		on

		



		5:26 AM

		Unit 4

		6.41

		28.08

		on

		



		5:28 AM

		Unit 5

		6.29

		28.06

		off

		



		5:31 AM

		Unit 6

		6.25

		28.03

		off

		



		5:34 AM

		NPDES 001 sign

		6.30

		28.04

		

		



		5:41 AM

		At USGS gage

		6.29

		27.90

		

		



		5:46 AM

		DWNSTRM Plant

		6.20

		27.95

		

		



		6:26 AM

		Unit 1

		7.00

		28.02

		off

		



		6:29 AM

		Unit 2

		7.06

		28.00

		off

		



		6:32 AM

		Unit 3

		7.03

		27.98

		on

		



		6:35 AM

		Unit 4

		6.64

		27.90

		on

		



		6:38 AM

		Unit 5

		6.43

		27.86

		off

		



		6:41 AM

		Unit 6

		6.41

		27.82

		off

		



		6:45 AM

		NPDES 001 sign

		6.50

		27.87

		

		



		6:51 AM

		At USGS gage

		6.51

		27.82

		

		



		6:56 AM

		DWNSTRM Plant

		6.36

		27.61

		

		



		7:30 AM

		Unit 1

		6.74

		27.81

		off

		



		7:32 AM

		Unit 2

		6.81

		27.79

		off

		



		7:34 AM

		Unit 3

		6.80

		27.84

		on

		



		7:36 AM

		Unit 4

		6.68

		27.71

		on

		



		7:38 AM

		Unit 5

		6.45

		27.74

		off

		



		7:42 AM

		Unit 6

		6.47

		27.66

		off

		



		7:44 AM

		NPDES 001 sign

		6.50

		27.74

		

		



		7:48 AM

		At USGS gage

		6.35

		27.71

		

		



		7:53 AM

		DWNSTRM Plant

		6.29

		27.60

		

		



		8:01 AM

		Unit 1

		6.67

		27.79

		off

		



		

		

		

		

		*no gates spilling



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		221.10

		261.50

		1, 2, 9, 10: 266

		6.3

		27.9



		6:00 AM

		221.10

		261.33

		3, 4, 5, 6, 7, 8: 265

		6.4

		27.8



		7:00 AM

		221.08

		261.01

		

		6.4

		27.6



		8:00 AM

		

		

		

		6.3

		27.5









		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 9/03/14

		

		

		

		



		Samplers:  Milton Quattlebaum and Kelly Miller

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		5:01 AM

		Unit 1

		5.88

		28.45

		on

		



		5:04 AM

		Unit 2

		5.74

		28.41

		off

		



		5:10 AM

		Unit 3

		5.61

		28.40

		on

		



		5:14 AM

		Unit 4

		5.75

		28.42

		on

		



		5:17 AM

		Unit 5

		5.67

		28.49

		off

		



		5:19 AM

		Unit 6

		5.63

		28.48

		off

		



		5:24 AM

		NPDES 001 sign

		5.82

		28.35

		

		



		5:29 AM

		At USGS gage

		6.02

		28.86

		

		



		5:35 AM

		DWNSTRM Plant

		6.11

		28.43

		

		



		6:19 AM

		Unit 1

		5.56

		28.41

		on

		



		6:21 AM

		Unit 2

		5.58

		28.41

		off

		



		6:25 AM

		Unit 3

		5.53

		28.42

		on

		



		6:27 AM

		Unit 4

		5.62

		28.44

		on

		



		6:30 AM

		Unit 5

		5.73

		28.46

		off

		



		6:33 AM

		Unit 6

		5.69

		28.47

		off

		



		6:35 AM

		NPDES 001 sign

		5.71

		28.46

		

		



		6:40 AM

		At USGS gage

		5.73

		28.46

		

		



		6:45 AM

		DWNSTRM Plant

		5.69

		28.13

		

		



		7:31 AM

		Unit 1

		5.57

		28.61

		on

		



		7:36 AM

		Unit 2

		5.62

		28.60

		off

		



		7:39 AM

		Unit 3

		5.63

		28.59

		on

		



		7:41 AM

		Unit 4

		5.61

		28.57

		on

		



		7:44 AM

		Unit 5

		5.63

		28.54

		off

		



		7:47 AM

		Unit 6

		5.56

		28.54

		off

		



		7:49 AM

		NPDES 001 sign

		5.53

		28.55

		

		



		7:53 AM

		At USGS gage

		5.46

		28.51

		

		



		7:59 AM

		DWNSTRM Plant

		5.56

		28.30

		

		



		8:05 AM

		Unit 1

		5.55

		28.51

		on

		



		

		

		

		

		*no gates spilling



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		5:00 AM

		221.43

		259.43

		all @ 266

		5.7

		28.4



		6:00 AM

		221.38

		259.1

		

		5.8

		28.4



		7:00 AM

		221.38

		258.74

		

		5.4

		28.4



		8:00 AM

		

		

		

		5.4

		28.4








		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 9/10/14

		

		

		

		



		Samplers:  Milton Quattlebaum

		

		

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		6:02 AM

		Unit 1

		5.90

		27.12

		on

		



		6:04 AM

		Unit 2

		5.82

		27.11

		off

		



		6:07 AM

		Unit 3

		5.71

		27.09

		off

		



		6:10 AM

		Unit 4

		5.77

		27.09

		on

		



		6:13 AM

		Unit 5

		5.62

		27.08

		off

		



		6:17 AM

		Unit 6

		5.61

		27.04

		off

		



		6:20 AM

		NPDES 001 sign

		5.65

		27.01

		

		



		6:30 AM

		At USGS gage

		5.62

		27.04

		

		



		6:35 AM

		DWNSTRM Plant

		5.64

		26.98

		

		



		7:22 AM

		Unit 1

		5.82

		26.95

		on

		



		7:26 AM

		Unit 2

		5.76

		26.94

		off

		



		7:29 AM

		Unit 3

		5.83

		26.92

		off

		



		7:32 AM

		Unit 4

		5.81

		26.92

		on

		



		7:35 AM

		Unit 5

		5.66

		26.93

		off

		



		7:38 AM

		Unit 6

		5.74

		26.67

		off

		



		7:41 AM

		NPDES 001 sign

		5.69

		26.90

		

		



		7:46 AM

		At USGS gage

		5.78

		26.64

		

		



		7:50 AM

		DWNSTRM Plant

		5.72

		26.72

		

		



		8:27 AM

		Unit 1

		5.78

		26.81

		on

		



		8:30 AM

		Unit 2

		5.80

		26.87

		off

		



		8:33 AM

		Unit 3

		5.79

		26.85

		off

		



		8:36 AM

		Unit 4

		5.85

		26.85

		on

		



		8:38 AM

		Unit 5

		5.80

		26.86

		off

		



		8:40 AM

		Unit 6

		5.76

		26.83

		off

		



		8:42 AM

		NPDES 001 sign

		5.78

		26.84

		

		



		8:46 AM

		At USGS gage

		5.71

		26.75

		

		



		8:50 AM

		DWNSTRM Plant

		5.80

		26.80

		

		



		9:00 AM

		Unit 1

		5.65

		26.82

		on

		



		

		

		

		

		*no gates spilling



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		6:00 AM

		221.07

		259.38

		all @ 266

		5.6

		26.9



		7:00 AM

		221.05

		259.44

		

		5.7

		26.8



		8:00 AM

		221.06

		259.43

		

		5.7

		26.8



		9:00 AM

		

		

		

		5.7

		26.8







Appendix B

		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 9/16/14

		

		

		

		



		Samplers:  Milton Quattlebaum

		

		

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		6:01 AM

		Unit 1

		5.13

		26.99

		off

		



		6:04 AM

		Unit 2

		5.37

		26.73

		off

		



		6:07 AM

		Unit 3

		5.36

		27.06

		off

		



		6:09 AM

		Unit 4

		5.25

		27.06

		on

		



		6:12 AM

		Unit 5

		4.95

		27.01

		off

		



		6:15 AM

		Unit 6

		4.97

		26.96

		off

		



		6:18 AM

		NPDES 001 sign

		4.95

		26.84

		

		



		6:22 AM

		At USGS gage

		4.94

		26.81

		

		



		6:26 AM

		DWNSTRM Plant

		4.87

		26.77

		

		



		7:03 AM

		Unit 1

		5.16

		26.99

		off

		



		7:05 AM

		Unit 2

		5.20

		26.96

		off

		



		7:08 AM

		Unit 3

		5.34

		26.98

		off

		



		7:11 AM

		Unit 4

		5.10

		26.99

		on

		



		7:13 AM

		Unit 5

		5.00

		26.92

		off

		



		7:16 AM

		Unit 6

		4.97

		26.93

		off

		



		7:19 AM

		NPDES 001 sign

		4.81

		26.85

		

		



		7:24 AM

		At USGS gage

		4.98

		26.80

		

		



		7:30 AM

		DWNSTRM Plant

		4.95

		26.83

		

		



		8:02 AM

		Unit 1

		5.18

		26.91

		off

		



		8:05 AM

		Unit 2

		5.15

		26.92

		off

		



		8:08 AM

		Unit 3

		5.30

		26.88

		off

		



		8:11 AM

		Unit 4

		5.24

		26.93

		on

		



		8:13 AM

		Unit 5

		4.99

		26.93

		off

		



		8:15 AM

		Unit 6

		4.96

		26.91

		off

		



		8:18 AM

		NPDES 001 sign

		5.04

		26.80

		

		



		8:24 AM

		At USGS gage

		4.92

		26.87

		

		



		8:28 AM

		DWNSTRM Plant

		5.12

		26.67

		

		



		8:39 AM

		Unit 1

		5.26

		26.89

		

		



		

		

		

		

		

		



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		6:00 AM

		220.54

		259.57

		1, 2, 9, 10 @266

		5.0

		26.9



		7:00 AM

		220.54

		259.73

		3, 4, 5, 6, 7, 8@262

		5.0

		26.8



		8:00 AM

		221.44

		259.81

		

		5.0

		26.9



		9:00 AM

		

		

		

		5.0

		26.8








		Parr/Fairfield Relicensing Dissolved Oxygen Study 2014

		

		



		Date: 9/25/14

		

		

		

		



		Samplers:  Milton Quattlebaum

		

		

		

		



		Time

		Location

		DO (mg/L)

		Temp (oC)

		Units Running

		



		6:09

		Unit 1

		7.80

		21.40

		off

		



		6:11

		Unit 2

		7.76

		21.42

		off

		



		6:15

		Unit 3

		7.81

		21.44

		on

		



		6:17

		Unit 4

		7.85

		20.90

		on

		



		6:21

		Unit 5

		7.70

		21.39

		off

		



		6:24

		Unit 6

		7.65

		21.42

		off

		



		6:27

		NPDES 001 sign

		7.66

		21.43

		

		



		6:33

		At USGS gage

		7.10

		21.40

		

		



		6:40

		DWNSTRM Plant

		7.61

		21.36

		

		



		7:17

		Unit 1

		7.69

		21.68

		off

		



		7:19

		Unit 2

		7.71

		21.67

		off

		



		7:21

		Unit 3

		7.80

		21.67

		on

		



		7:23

		Unit 4

		7.70

		21.61

		on

		



		7:25

		Unit 5

		7.58

		21.57

		off

		



		7:27

		Unit 6

		7.62

		21.62

		off

		



		7:29

		NPDES 001 sign

		7.60

		21.62

		

		



		7:34

		At USGS gage

		7.65

		21.61

		

		



		7:39

		DWNSTRM Plant

		7.31

		21.59

		

		



		8:13

		Unit 1

		7.67

		21.75

		off

		



		8:15

		Unit 2

		7.65

		21.72

		off

		



		8:17

		Unit 3

		7.71

		21.75

		on

		



		8:19

		Unit 4

		7.66

		21.62

		on

		



		8:21

		Unit 5

		7.65

		21.51

		off

		



		8:23

		Unit 6

		7.58

		21.59

		off

		



		8:25

		NPDES 001 sign

		7.63

		21.60

		

		



		8:29

		At USGS gage

		7.62

		21.42

		

		



		8:34

		DWNSTRM Plant

		7.59

		21.47

		

		



		8:39

		Unit 1

		7.68

		21.65

		off

		



		

		

		

		

		*no gates spilling



		Time

		Jenkinsville 02160991

		Parr Res. Level 02160990

		Parr Crest Gate

		USGS DO data at Jenkinsville

		USGS Temp data at Jenkinsville



		6:00 AM

		221.06

		259.18

		all @ 266

		7.3

		21.5



		7:00 AM

		221.05

		259.2

		

		7.3

		21.5



		8:00 AM

		221.05

		259.24

		

		7.3

		21.5



		9:00 AM

		

		

		

		7.3

		21.5
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From: Kelly Miller
To: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
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MEMORANDUM



TO:		Parr Hydro Relicense - Fisheries Technical Working Committee

FROM:	Henry Mealing and Shane Boring

DATE:	October 20, 2014

RE:	Fish Entrainment and Turbine Mortality Desktop Study – Revised First Hold Point – Establishing the Database and Entrainment Rates 





The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by the Fisheries Technical Working Committee (TWC) on December 19, 2013. The Plan identifies several "hold points" associated with completion of the study. The purpose of each hold point is to allow the TWC members an opportunity to review the study progress to date prior to proceeding to the next phase of the analysis. This memo is prepared pursuant to the first hold point which includes two steps: 

 

1. Develop an entrainment and turbine mortality database that can be applied to the Parr and Fairfield developments.  We have provided a list of recommended source entrainment and turbine mortality studies to use in developing fish entrainment estimates and turbine mortality estimates for the two developments.



2. Calculate and estimate fish entrainment rates (seasonally if possible) for each development. Entrainment rates are defined as: number of fish/volume of water entrained.  We have provided monthly data from the proposed studies and grouped the data to provide seasonal entrainment rates for the Parr and Fairfield developments.



The original version of this Memo was revised to address questions and comments submitted by the USFWS on June 24, 2014.



Recommended Entrainment Database

Parr Development

In developing an entrainment database for the Parr Development, we reviewed a database of over seventy site-specific studies of resident fish entrainment at hydroelectric projects in the US (EPRI 1997). A matrix of site-specific characteristics relevant to fish entrainment was used to narrow the database down to those studies that best matched the Parr Development. The characteristics were:

· Location: geographic proximity of reference study (preference given to same river basin)

· Project size: discharge capacity and power production

· Mode of operation: peaking, run-of-river, etc.

· Biological factors: fish species composition

· Impoundment characteristics: general water quality, impoundment size, flow regime

· Physical project characteristics: trash rack spacing, intake velocity, etc.

This review identified five reference studies that were most similar to the Parr Development (Table 1). Each of the proposed reference studies is from the Saluda or Broad rivers in South Carolina and is geographically and operationally similar to the Parr Development. Entrainment rates at each of the reference studies were based on tailrace netting. These five studies were also used in a previous desktop entrainment study for a project on the Broad River (Kleinschmidt 1996).



Fairfield Development

Using the same matrix of site characteristics, we identified three pump storage studies that could be used as reference studies for the Fairfield Development (Table 2). The Richard B. Russell (RBR) Project is a pump storage project located on the Savannah River, GA, with a reservoir that supports a warmwater fishery. Studies at RBR included the use of both hydroacoustics and full recovery netting to determine fish entrainment rates for operations. The Bad Creek and Jocassee developments are located in the foothills of SC. These projects include cool water oligotrophic reservoirs that are not as similar to the Fairfield Development, but both are pump storage projects. Entrainment sampling at Bad Creek included tailrace netting and hydroacoustics. The Jocassee Project entrainment sampling included hydroacoustics and purse seine netting in the tailrace area. 



USFWS Consultation

The USFWS requested that we also review the Buzzard Roost study (Lake Greenwood) for applicability at either or both developments, because “the Buzzard’s Roost Project has a similar geography, (RM 60, Saluda R.), generation capacity (15.0 MW), hydraulic capacity (3300 cfs) and fishery (warm water). Moreover, the Buzzard’s Roost study made an effort to equally divide monitoring across daytime and nighttime”. 

We reviewed the Buzzard’s Roost study and found that the entrainment rates were significantly greater (on average 17 times higher) in comparison to the smaller, riverine reservoirs identified as potential source studies for the Parr Development, as well as the three pump-back studies identified for estimation of entrainment for the Fairfield Development.  Buzzard Roost is located on Lake Greenwood, which is a storage reservoir with a warmwater fishery dominated by shad as a forage species. This is reflected in the resulting entrainment rates, as far greater numbers of shad (threadfin and gizzard shad) were entrained when schools periodically moved into the intake area. We do not recommend inclusion of the Buzzard Roost project in the data set for two reasons:

· The huge discrepancy in entrainment rates associated with high densities of shad in the reservoir would shift the entrainment estimates up several orders of magnitude.

· The high proportion of shad in the entrainment catches would cause a significant shift in the overall species entrainment estimates and would likely not be representative of either the Parr or Monticello reservoir species composition.
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Table 1.	Comparison of Site Characteristics of Recommended Source Studies for Estimating Entrainment at the Parr Development (EPRI 1997) 

		PROJECT

		LOCATION

		

		TURBINE CONFIGURATION

		

		OPERATION

		

		IMPOUNDMENT/POWER CANAL DATA

		

		BIOLOGICAL DATA AVAILABLE



		Name

		State

		River

		

		Capacity

		Turbine

		Bar Rack

		Depth

		

		Peaking or

		

		Impoundment/

		Surface 

		Volume

		Ave.

		

		Baseline 

		Fishery

		Entertainment Sampling

		Mortality Study



		FERC NO.

		

		

		

		(MW)

		Type

		Spacing

		of Intake

		

		Run of River

		

		Power Canal

		Acres

		(acre/ft.)

		Depth

		

		Survey

		Type

		Netting

		Hydroacoustics

		



		 

		 

		 

		 

		(CFS)

		 

		(in)

		(ft)

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Parr Hydro Development No. 1894

		SC

		Broad

		 

		14.88 MW 6,000 cfs

		Vertical Francis

		2.25

		From 10 ft. above bottom up to 10 ft. below WSEL

		 

		Run of River

		 

		Impoundment

		4,400

		32,000

		na

		 

		Yes

		Warm

		n/a

		n/a

		n/a



		Holidays Bridge
No. 2465

		SC

		Saluda

		 

		3.5 MW
1,850 cfs

		Horizontal
Francis
Vertical
Francis

		2.0

		Bottom oriented
18 ft. below the
water surface

		 

		Modified
Peaking

		 

		Impoundment

Power Canal

		466

1.5

		6000

na

		>6 ft.

na

		 

		Yes

		Warm

		Full Recovery
Netting on
Unit 3

		Yes

		Yes



		Saluda Dam
No. 2406

		SC

		Saluda

		 

		2.4 MW
1,280 cfs

		Horizontal
Francis

		

		Bottom oriented
14 ft. below the
water surface

		 

		Modified
Peaking

		 

		Impoundment

		566

		7228

		6 ft.

		 

		Yes

		Warm

		Full Recovery
Netting on
Unit 1

		Yes

		No



		Neal Shoals
No. 2315

		SC

		Broad

		 

		4.42 MW
4,000 cfs

		Horizontal
Francis

		

		Intake pulls
from entire
water column

		 

		Run of River

		 

		Impoundment

		na

		na

		na

		 

		Yes

		Warm

		Full Recovery
Netting on
Unit 3

		Yes

		Yes



		Gaston Shoals
No. 2332

		SC

		Broad

		 

		9.1 MW
2,800 cfs

		Horizontal
Francis
Vertical
Francis

		2.5

		Bottom oriented
13.5 ft. below the
water surface

		 

		Modified
Peaking

		 

		Impoundment

		300

		2500

		>30 ft.

		 

		Yes

		Warm

		Full Recovery
Netting on
Unit 6

		Yes

		No



		Ninety-nine Islands
No. 2331

		SC

		Broad

		 

		18 MW
3,992 cfs

		Horizontal
Francis

		

		Bottom oriented
11.5 ft. below the
water surface

		 

		Modified
Peaking

		 

		Impoundment

		433

		2300

		>6 ft.

		 

		Yes

		Warm

		Full Recovery
Netting on
Unit 4

		Yes

		Yes







Table 2.	Comparison of Site Characteristics of Fairfield Development to Potential Entrainment Source Studies 

		PROJECT

		LOCATION

		

		TURBINE CONFIGURATION

		OPERATION

		IMPOUNDMENT/POWER CANAL DATA

		BASELINE SURVEY

		FISHERY TYPE

		ENTERTAINMENT SAMPLING

		MORTALITY STUDY



		Name

		State

		River

		

		Capacity

		Turbine

		Bar Rack

		Depth

		Peaking or

		Impoundment/

		Surface

		Volume

		Ave.

		

		

		Netting

		Hydroacoustics

		



		

		

		

		

		(MW)

(CFS)

		Type

		Spacing (in)

		Generation Intake (ft)

		Run of River

		Power Canal

		Acres

		(acre/ft.)

		Depth (ft)

		

		

		

		

		



		Fairfield

No. 1894

		SC

		Broad

		

		511.20 MW 50,400 cfs (gen.)

41,800 (pump)

		Francis

		6.0

		Surface to 65 ft below normal maximum pool

		Peaking

& Reserve

		Impoundment

		6,800

		400,000

		59

		Yes

		Warm

		n/a

		n/a

		n/a



		Richard B. Russell

USACOE

		GA/SC

		Savannah

		

		648 MW

60,000 cfs (gen)

30,000 (pump)

		Francis

		8.0

		Mid-depth 100 ft

		Peaking

		Impoundment

		26,653

		1,026,244

		39

		Yes

		Warm

		Full recovery

		Yes

		Yes



		Bad Creek

No.2503

		SC

		Bad Creek

		

		1,065 MW

(gen) 

(pump)

		Francis

		4.0

		

		Peaking

		Impoundment

		333

		27,148

		

		Yes

		Cool

		Full recovery

		Yes

		No



		Jocassee

No. 2503

		SC

		Keowee

		

		750 MW

(gen)

(pump)

		Francis

		

		43-66 ft 

		Peaking

		Impoundment

		7,980

		1,391,670

		158

		Yes

		Cool

		No

		Yes

		No
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Entrainment Rates

Parr Development

Entrainment rates for the five reference entrainment studies for use with the Parr Development are presented in Table 3. Fish entrainment is based on fish/million cubic feet of water passed through the project. The entrainment data provided in Table 3 were obtained from the original entrainment reports, analyzed, and presented in the Lockhart Project Fish Entrainment Analysis (Kleinschmidt 1996). The Saluda Dam study had missing data points for March, April, and May, and the Neal Shoals report only presented an annual entrainment rate.  As part of the Lockhart Study, the SCDNR, USFWS, and Kleinschmidt prorated entrainment data for the Neal Shoals study and also combined the monthly data into seasonal entrainment rates (Table 4) (Kleinschmidt 1996).  Seasons were grouped in the following manner: 

· Winter = December, January, and February

· Spring = March, April, and May

· Summer = June, July, and August

· Fall = September, October, and November



Table 3.	Parr Study Monthly Entrainment Rates (fish/million cf) from Entrainment Database  Studies. (Kleinschmidt 1996)

		STUDY SITE

		JAN

		FEB

		MAR

		APR

		MAY

		JUN

		JUL

		AUG

		SEP

		OCT

		NOV

		DEC

		ANNUAL

RATE



		Holidays Bridge

		2.2

		0.8

		6.5

		3.7

		11.6

		7.1

		7.1

		7.1

		2.9

		3.1

		1.2

		3.3

		



		Saluda Dam

		5.4

		5.4

		NA1

		NA1

		NA1

		10.1

		8.1

		5.8

		5.5

		12.6

		4.8

		5.4

		



		Neal Shoals

		NG2

		NG2

		NG2

		NG2

		NG2

		NG2

		NG2

		NG2

		NG2

		NG2

		NG2

		NG2

		5.5



		Gaston Shoals

		1.3

		1.4

		0.6

		5.0

		1.5

		8.8

		9.0

		8.3

		3.6

		2.3

		0.4

		0.5

		



		Ninety-nine Islands

		2.8

		5.6

		0.8

		2.1

		4.5

		4.5

		4.5

		4.5

		2.7

		5.5

		3.3

		0.0

		



		Mean

		2.9

		3.3

		2.6

		3.6

		5.9

		7.6

		7.2

		6.4

		3.7

		5.9

		2.4

		2.3

		





1NA = data not collected

2NG = monthly data not given in report – Annual entrainment rate provided



Table 4.	Parr Study Seasonal Entrainment Rates (fish/million cf) from Entrainment Database  Studies. (Kleinschmidt 1996) 

		STUDY SITE

		WINTER

		SPRING

		SUMMER

		FALL

		ANNUAL MEAN



		Holidays Bridge

		2.1

		7.3

		7.1

		2.4

		4.7



		Saluda Dam

		5.4

		NA1

		8.0

		7.6

		5.3



		Neal Shoals2

		3.5

		5.0

		8.7

		4.9

		5.5



		Gaston Shoals

		1.1

		2.4

		8.7

		2.1

		3.6



		Ninety-nine Islands

		2.8

		2.5

		4.5

		3.8

		3.4



		Mean

		2.97

		3.41

		7.40

		4.17

		4.5





1NA = data not available

2 seasonal rate prorated – Kleinschmidt 1996



Fairfield Development

The three reference pump-back entrainment projects have a combination of both conventional generation entrainment and pump-back entrainment rates available.  The RBR and the Jocassee studies include both conventional and pump-back data.  The Bad Creek study only included pump-back data.



We reviewed the reports from each of the three projects and noted that each study identified shad and herring as the largest sources of fish entrainment in the generation and pump-back operations.  Therefore, with the exception of the Jocassee Project, we also presented entrainment rates for “All” species combined, for “Shad-Herring”, and “Other” species (Table 5). We believe that these projects represent the best sources of pump-back entrainment in the southeast. However, we also recommend that the TWC discuss the potential differences in shad-herring population densities between the source studies and the Monticello Reservoir and tailrace. Upon review, it may be appropriate to modify the entrainment rates to reflect what would be observed at the Fairfield Development.



We grouped the data into seasons and calculated a Seasonal Entrainment Rate for both conventional generation and pump-back operation (Table 6).  This rate is based on all of the data for both shad and other species. Because the seasonal rates presented in Table 6 are based on reservoirs with high densities of shad and herring, these rates should be considered provisional and could be reduced based on discussion within the TWC.
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Table 5.	Fairfield Study Entrainment rates (fish/million cf) from entrainment database studies 

		STUDY SITE

		JAN

		FEB

		MAR

		APR

		MAY

		JUN

		JUL

		AUG

		SEP

		OCT

		NOV

		DEC

		AVG.



		Richard B. Russell – Conventional Generation

		

		

		

		

		

		

		

		

		



		

		6.8

		33.6

		1.0

		1.2

		0.5

		0.3

		0.5

		1.3

		0.6

		0.4

		2.6

		1.1

		4.1



		Jocassee (2013) - Conventional Generation

		

		

		

		

		

		

		

		

		

		

		



		

		5.8

		5.0

		3.1

		4.1

		4.8

		1.7

		3.0

		3.4

		3.3

		2.7

		5.7

		3.2

		3.8



		Richard B. Russell – Pump-Back Operation

		

		

		

		

		

		

		

		

		



		Pump Back “ALL”

		

		

		

		23.8

		25.2

		8.7

		46.7

		92.0

		51.2

		28.9

		

		

		



		Pump Back – Shad and Herring

		

		

		

		17.1

		18.9

		6.6

		46.0

		91.4

		50.7

		28.3

		

		

		



		Pump-Back – Other species

		

		

		

		6.7

		6.3

		2.2

		0.71

		0.7

		0.5

		0.6

		

		

		



		Bad Creek (1991)

		

		

		

		

		

		

		

		

		

		

		

		

		



		Pump Back Total

		2.9

		1.3

		1.1

		1.5

		1.8

		1.0

		2.2

		0.3

		0.8

		0.1

		0.1

		0.0

		1.1



		Pump Back – Shad and Herring

		2.7

		1.2

		1.1

		1.4

		0.7

		0.8

		0.8

		0.0

		0.4

		0.1

		0.1

		0.0

		0.8



		Pump-Back – Other species

		0.1

		0.0

		0.0

		0.1

		1.2

		0.1

		1.4

		0.2

		0.4

		0.0

		0.0

		0.0

		0.3





		Bad Creek (1992)

		

		

		

		

		

		

		

		

		

		

		

		

		



		Pump Back Total

		0.1

		0.5

		0.1

		0.0

		0.0

		0.2

		0.2

		0.3

		0.4

		0.3

		0.5

		0.2

		0.2



		Pump Back – Shad and Herring

		0.1

		0.5

		0.1

		0.0

		0.0

		0.2

		0.2

		0.0

		0.2

		0.0

		0.5

		0.2

		0.2



		Pump-Back – Other Species

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.3

		0.2

		0.3

		0.0

		0.0

		0.1



		Jocassee (2013) Pump Back 

		

		

		

		

		

		

		

		

		

		

		



		

		7.4

		2.4

		4.8

		3.2

		3.2

		6.3

		18.4

		16.8

		13.0

		15.8

		13.0

		9.3

		9.5



		Study assumption that almost all fish entrained were Shad

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 















Table  6.	Fairfield Study Seasonal Entrainment Rates (fish/million cf) from Entrainment Database  Studies 

		STUDY SITE

		WINTER

		SPRING

		SUMMER

		FALL

		ANNUAL MEAN



		Conventional Generation

		

		

		



		Richard B. Russell

		13.8

		0.9

		0.7

		1.2

		4.2



		Jocassee

		4.7

		4.0

		2.7

		3.9

		3.8



		Mean

		9.2

		2.5

		1.7

		2.6

		



		

		

		

		

		

		



		Pump Back Operation

		

		

		



		Richard B. Russell

		NA

		24.5

		49.2

		40.0

		39.5



		Bad Creek 

		2.8

		2.9

		2.3

		0.7

		2.2



		Bad Creek

		0.5

		0.1

		0.5

		0.8

		0.5



		Jocassee

		6.4

		3.7

		13.8

		13.9

		9.5



		Mean

		3.2

		6.3

		16.4

		11.5

		













Turbine Mortality Database

The most frequently cited mortality factors relating to fish moving through Francis runners are runner speed, peripheral runner velocity, and cavitations (EPRI 1992). For a given turbine size, the faster the runner is rotating, the opening through which the fish must pass is effectively clear less often. Revolutions per minute (rpm) therefore indicate the frequency and duration of the opening between the turbine and the unit housing through which the fish pass. The amount of project head directly affects turbine mortality by dictating Francis turbine design and operating characteristics, such as peripheral runner velocity and cavitation, which in turn are believed to directly affect fish survival. Literature suggests that for large fish, the size of wicket gates and number of blades, along with operating efficiency, influence turbine mortality (EPRI 1992). While larger fish stand the greatest chance of experiencing mortality due to collision with turbine hardware, such as blades (Cada 1990), smaller fish are less likely to strike gates and stay vanes but are more prone to runner injury and hydraulically-related mortality, such as cavitation (Eicher 1987).



The Parr Development has an operating head of 35 ft, six Francis turbines with a rotational speed of 100 rpm, and a hydraulic capacity of 1,000 cfs per unit.  The Fairfield Development has an operating head of 150 ft, eight Francis turbines with a rotational speed of 150 rpm and a hydraulic capacity of 5,225 cfs per unit. We reviewed the EPRI (1997) turbine mortality database (using turbine type, rated head, rated flow, speed of turbines, and fish species assessed) to identify potential source studies that could be used for this desktop analysis. We identified multiple projects for Parr (blue) and Fairfield (grey) that are presented in Table 7. We will use the data from each of these studies to develop turbine mortality estimates for each species or family that are anticipated to be entrained at the project.



Table  7.	Comparison of physical and hydraulic characteristics of hydroelectric dams equipped with Francis turbines at which turbine passage survival was estimated  

		 

STATION

		DESIGNED

TURBINE

FLOW (CFS)

		NUMBER

OF

BUCKETS

		RUNNER 

 SPEED

(RPM)

		 

HEAD

(FT)

		RUNNER 

DIAMETER

(IN)

		FISH

GROUPS

TESTED



		Parr

		1,000

		 

		100 

		35

		 

		n/a



		Fairfield

		5,225 

		9 

		150

		150

		206 

		n/a



		

		

		

		

		

		

		



		Alcona, MI

		615

		16

		90

		43

		100

		Warmwater



		Alcona, MI

		1155 -1660

		16

		90

		

		100

		Warmwater



		Bond Falls, MI

		450

		 

		300

		210

		 

		Warmwater



		Caldron Falls, WI ( Unit 1)

		 

		 

		226

		80

		72

		Warmwater



		Centralia, WI (Unit 1)

		510

		

		

		

		

		Warmwater



		Centralia, WI (Unit 2)

		510

		

		90

		20

		28

		Warmwater



		Centralia, WI

		variable

		

		

		15.5

		

		Warmwater



		Columbia, SC

		833

		14

		164

		28

		64

		Warmwater



		Colton, NY

		497

		19

		360

		265

		59

		Warmwater



		Cushman Plant 2, WA

		800

		17

		300

		450

		83

		Salmoinds



		Cushman  Plant 2, WA (1960)

		800

		17

		300

		

		83

		Salmoinds



		E. J. West, NY

		2,700

		15

		113

		63

		131

		Warmwater



		Finch Pruyn, NY (Unit 4)

		

		

		

		9-16

		41

		Warmwater



		Finch Pruyn, NY (Unit 5)

		

		

		

		9-16

		41

		Warmwater



		Five Channels, MI

		675

		16

		150

		36

		55

		Warmwater



		Five Channels, MI

		1034 -1167

		16

		150

		 

		55

		Warmwater



		Grand Rapids, WI (U 1,2,4 comb)

		645

		

		90

		 

		

		Warmwater



		Grand Rapids, WI (Unit 2)

		645

		 

		150

		28

		58

		Warmwater



		Grand Rapids, WI (Unit 4)

		926

		 

		180

		28

		72

		Warmwater



		Hardy, MI (Unit 2)

		510

		16

		163.6

		100.2

		83.75

		Warmwater



		Highley, NY

		675

		13

		257

		46

		48

		Warmwater



		Hoist, MI

		300

		 

		360

		142

		 

		Clupieds



		Holtwood, PA(U10/single runner)

		3,500

		16

		94.7

		62

		149.5

		Clupieds



		Holtwood, PA (U3/double runner)

		3,500

		17

		102.8

		62

		112

		Clupieds



		Holtwood, PA

		3,500

		16

		95

		55

		164

		Clupieds



		Luray, VA

		369

		12

		164

		18

		62.75

		Angulidae



		Minetto, NY

		1,500

		16

		72

		17

		139

		Warmwater



		Peshtigo, WI (Unit 4)

		460

		

		100

		13

		80

		Warmwater



		Potato Rapids, WI (Unit 1)

		500

		

		123

		17

		84

		Warmwater



		Potato Rapids, WI (Unit 2)

		440

		

		135

		17

		80

		Warmwater



		Pricket, MI

		326

		

		257

		54

		53.5

		Warmwater



		Rogers, MI (units 1 & 2)

		383

		15

		150

		39

		60

		Warmwater



		Ruskin, BC

		4,000

		 

		120

		130

		149

		Salmoinds



		Sandstone Rapids,WI

		 

		 

		150

		42

		87

		Warmwater



		Seton Creek, BC

		4,500

		 

		120

		150

		114

		Warmwater



		Shasta, WA

		3,200

		15

		138.5

		380

		184

		Warmwater



		Shasta, WA

		3,200

		15

		138.5

		

		184

		Warmwater



		Stevens Creek, SC

		1,000

		14

		75

		28

		135

		Warmwater



		Vernon, VT/NH

		1,834

		15

		74

		34

		156

		Warmwater







SCE&G will hold a conference call with the Fisheries TWC within approximately two weeks of distribution of this Memo to discuss these proposed studies for the desktop analysis.
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MEMORANDUM


 


 


TO:


 


 


Parr


 


Hydro Relicense 


-


 


F


isheries 


T


echnical 


W


orking 


C


ommittee


 


FROM:


 


Henry Mealing and 


Shane Boring


 


DATE:


 


October 


20


, 2014


 


RE:


 


Fish Entrainment and Turbine Mortality 


Desktop 


Study


 


–


 


Revised


 


First Hold 


Point 


–


 


Establishing the Database 


and En


trainment Rates 


 


 


 


The Parr


-


F


airfield Fish Entrainment and Turbine Mortality Study Plan 


(Plan) was approved by 


the Fisheries Technical Work


ing Committee (TWC) on December 19, 2013


. The Plan 


identifies 


several


 


"hold points" associated with 


completion of the


 


study


. The purpose of each 


hold point 


is 


to allow the TWC members an opportunity to review the study progress to date prior to 


p


roceeding t


o


 


the next phase of the analysis. This memo is prepared pursuant to the first hold 


point


 


which includes two steps


: 


 


 


 


1.


 


Develop an


 


entrainment and turbine mortality 


database 


that can be ap


plied to the Parr and 


Fairfield


 


d


evelopments.


  


We have 


provide


d


 


a list of recommended source 


entrainment 


and turbine mortality 


studies 


to use in


 


develop


ing


 


fish 


entrainment 


estimates


 


and


 


turbine 


mortality 


estimates


 


for the two developments.


 


 


2.


 


Calculate


 


and estimate fish entrainment rates 


(seasonally if possible) for each 


development. Entrainment rates are defined as: 


number of 


fish/volume of water 


entrained


.  We have provided monthly data 


from the proposed studies and 


group


ed


 


the 


data


 


to provide 


seasonal


 


entrainment rates


 


for the Parr and Fairfield 


d


evelopment


s


.


 


 


The original version of this Memo was revised to address questions and comments submitted by 


the USFWS on June 24, 2014.


 


 


RECOMME


NDED 


ENTRAINMENT


 


DATABASE


 


P


ARR


 


D


EVELOPMENT


 


In 


develop


ing


 


an entrainment database


 


for


 


the Parr


 


Development


, 


we reviewed 


a database 


of 


over 


seventy site


-


specific studies of resident fish entrainment at hydroelectric 


projects


 


in the US


 


(


EPRI 


1997


). A 


matrix


 


o


f site


-


specific characteristics relevant to 


fish 


entrainment w


as


 


used


 


to 


narrow


 


the database down to 


those


 


studies 


that best matched the 


Parr Development


.


 


The 


characteristics were:


 


·


 


Location: geographic proximity of reference study (preference given to same


 


r


iver basin)


 


·


 


Project size: discharge capacity and power production


 


·


 


Mode of operation


: 


peaking, run


-


of


-


river, etc


.


 


·


 


Biological factors: fish species composition


 


·


 


Impoundment characteristics: general water quality, impoundment size, flow regime


 


·


 


Physical proje


ct characteristics: trash rack spacing, intake velocity, etc


.


 



MEMORANDUM



		TO:

		Parr/Fairfield Fisheries Technical Working Committee





		FROM:

		Shane Boring and Henry Mealing





		DATE:

		October 22, 2014





		RE:

		Fish and Entrainment and Turbine Mortality Study

Second Hold Point – Species Composition 









The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by the Fisheries Technical Working Committee (TWC) on December 19, 2013[footnoteRef:1]. The Plan identifies several "hold points" associated with completion of the study. The purpose of each hold point is to allow the TWC members an opportunity to review the study progress to date prior to proceeding to the next phase of the analysis. Hold Point One (memorandum issued June 12, 2014 and revised October 20, 2014) focused on development of an entrainment and turbine mortality database for the Parr Project based on a review of projects that have had site-specific studies conducted and that are similar to the Parr Project. Hold Point One identified five studies that best matched the Parr Development for purposes of estimating entrainment: Gaston Shoals, Ninety-nine Islands, Neal Shoals, Holliday’s Bridge, and Saluda Station. Similarly, three studies were identified for estimating entrainment at the Fairfield Development: Richard B. Russell, Jocassee, and Bad Creek.  Based on additional consultation with the U.S. Fish and Wildlife Service, Buzzard’s Roost was also considered but not included as a source study for entrainment estimates.         [1:  Plan was reviewed for the final time at the December 19, 2013, Fisheries TWC meeting, with the Final Study Plan distributed to the TWC on February 25, 2014. ] 




This memo was prepared pursuant to the requirement of Hold Point Two and focuses on presenting the species composition of the each of the proposed reference studies. Monthly fish entrainment species composition for each of the Parr Development source studies is summarized below in Tables 1-12. For purposes of estimating species composition for the Fairfield Development, monthly species composition data for both generation and pumping at the Richard B. Russell Project are presented below in Tables 13 and 14, respectively. Monthly species composition for pumping at the Bad Creek Project is presented in Table 15. 



Upon agreement from the TWC, all numbers will be consolidated to prepare a separate species percent composition for the Parr and for the Fairfield developments.




TABLE 1	JANUARY SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		

		

		7

		



		bluegill

		

		

		

		11

		



		gizzard shad

		

		

		

		63

		



		golden shiner

		

		

		

		2

		



		northern hogsucker

		

		

		

		2

		



		Piedmont darter

		

		

		

		2

		



		sandbar shiner

		

		

		

		2

		



		seagreen darter

		

		

		

		2

		



		snail bullhead

		

		

		

		2

		



		yellow perch

		 

		 

		 

		7

		 



		Total

		

		

		

		100

		



		Total Fish

		

		

		

		46

		







TABLE 2	FEBRUARY SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		bluegill

		36

		1

		

		

		



		bluehead chub

		4

		

		

		

		



		central stoneroller

		4

		

		

		

		



		channel catfish

		8

		69

		

		

		



		creek chub

		

		1

		

		

		



		gizzard shad

		12

		2

		

		64

		



		golden shiner

		

		

		

		9

		



		hybrid sunfish

		8

		

		

		

		



		largemouth bass

		4

		

		

		

		



		northern hogsucker

		

		1

		

		9

		



		redbreast sunfish

		4

		

		

		

		



		redear sunfish

		4

		

		

		

		



		sandbar shiner

		

		

		

		9

		



		seagreen darter

		

		

		

		9

		



		shorthead redhorse

		

		1

		

		

		



		silvery minnow

		

		1

		

		

		



		striped jumprock

		4

		

		

		

		



		white catfish

		8

		21

		

		

		



		white sucker

		4

		1

		

		

		



		Total

		100

		100

		

		100

		



		Total Fish

		25

		85

		

		11

		





TABLE 3	MARCH SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black redhorse

		

		

		53

		

		



		blueback herring

		

		33

		

		

		



		bluegill

		50

		

		1

		13

		



		brown bullhead

		

		

		1

		

		



		channel catfish

		

		8

		1

		

		



		common carp

		

		

		3

		

		



		dollar sunfish

		

		

		1

		

		



		flat bullhead

		

		

		

		2

		



		gizzard shad

		17

		50

		2

		10

		



		largemouth bass

		

		

		1

		2

		



		northern hogsucker

		

		

		1

		2

		



		Piedmont darter

		

		

		

		3

		



		pumkinseed

		

		

		

		3

		



		quillback

		

		

		1

		

		



		redbreast sunfish

		22

		

		12

		2

		



		redear sunfish

		

		

		1

		

		



		redeye bass

		

		

		

		2

		



		shorthead redhorse

		

		

		12

		

		



		silver redhorse

		

		

		

		52

		



		snail bullhead

		

		8

		

		

		



		spottail shiner

		

		

		6

		

		



		striped jumprock

		

		

		

		3

		



		tesselated darter

		

		

		2

		

		



		thicklip chub

		6

		

		

		

		



		threadfin shad

		6

		

		3

		

		



		v-lip redhorse

		

		

		

		2

		



		white perch

		

		

		

		2

		



		whitefin shiner

		

		

		

		3

		



		

		

		

		

		

		



		Total

		100

		100

		100

		100

		



		Total Fish

		18

		12

		101

		60

		










TABLE 4	APRIL SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		4

		

		

		



		bluegill

		8

		22

		

		44

		



		bluehead chub

		1

		

		

		

		



		brown bullhead

		11

		4

		

		

		



		channel catfish

		1

		

		

		

		



		flat bullhead

		2

		

		

		

		



		gizzard shad

		1

		11

		

		

		



		golden shiner

		3

		

		

		3

		



		hybrid sunfish

		14

		

		

		

		



		largemouth bass

		1

		

		

		

		



		margined madtom

		2

		

		

		

		



		Piedmont darter

		

		4

		

		3

		



		pumkinseed

		

		

		

		3

		



		quillback

		

		4

		

		

		



		redbreast sunfish

		8

		

		

		

		



		redear sunfish

		7

		4

		

		8

		



		redeye bass

		

		

		

		3

		



		silver redhorse

		1

		7

		

		

		



		smallfin redhorse

		

		11

		

		

		



		snail bullhead

		8

		

		

		

		



		striped jumprock

		26

		22

		

		

		



		threadfin shad

		

		4

		

		

		



		warmouth

		1

		

		

		5

		



		white catfish

		3

		4

		

		

		



		whitefin shiner

		1

		

		

		33

		



		

		

		

		

		

		



		Total

		100

		100

		

		100

		



		Total Fish

		89

		27

		

		39

		










TABLE 5	MAY SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		

		5

		2

		



		black redhorse

		

		

		6

		

		



		blackbanded darter

		

		

		1

		

		



		blueback herring

		

		

		10

		

		



		bluegill

		40

		20

		13

		65

		



		bluehead chub

		10

		

		

		

		



		brown bullhead

		

		

		5

		

		



		central stoneroller

		10

		

		

		

		



		channel catfish

		20

		

		32

		

		



		common carp

		10

		4

		6

		

		



		creekchub

		10

		

		

		1

		



		flat bullhead

		

		1

		

		

		



		flier

		

		

		1

		

		



		gizzard shad

		

		1

		1

		

		



		golden shiner

		

		1

		

		1

		



		largemouth bass

		

		

		3

		

		



		pumkinseed

		

		

		

		1

		



		redbreast sunfish

		

		1

		5

		5

		



		redear sunfish

		

		

		10

		3

		



		roseyface chub

		

		

		1

		

		



		smallmouth bass

		

		1

		

		

		



		snail bullhead

		

		14

		

		2

		



		spottail shiner

		

		4

		

		

		



		striped jumprock

		

		

		2

		

		



		threadfin shad

		

		49

		

		1

		



		v-lip redhorse

		

		

		

		1

		



		warmouth

		

		

		

		3

		



		white catfish

		

		

		

		1

		



		whitefin shiner

		

		3

		

		15

		



		yellow perch

		

		

		1

		

		



		yellowfin shiner

		 

		 

		 

		1

		 



		Total

		100

		100

		100

		100

		



		Total Fish

		10

		77

		172

		124

		










TABLE 6	JUNE SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		

		

		

		2



		bluegill

		9

		40

		

		81

		90



		brown bullhead

		3

		

		

		

		



		channel catfish

		13

		

		

		4

		



		common carp

		2

		

		

		

		



		fathead minnow

		1

		

		

		

		



		fieryblack shiner

		2

		

		

		

		



		flat bullhead

		1

		

		

		

		



		gizzard shad

		

		23

		

		

		



		golden shiner

		1

		

		

		1

		



		green sunfish

		

		

		

		1

		



		largemouth bass

		

		

		

		2

		4



		margined madtom

		1

		

		

		

		



		redbreast sunfish

		16

		7

		

		1

		



		redear sunfish

		2

		

		

		1

		



		redeye bass

		

		

		

		2

		



		shorthead redhorse

		

		2

		

		

		



		silver redhorse

		1

		

		

		

		



		smallfin redhorse

		1

		

		

		

		



		smallmouth bass

		1

		

		

		

		



		snail bullhead

		36

		5

		

		1

		



		spottail shiner

		1

		5

		

		

		



		striped jumprock

		2

		2

		

		

		



		threadfin shad

		

		13

		

		

		



		white catfish

		8

		

		

		

		4



		whitefin shiner

		

		5

		

		5

		



		yellow perch

		 

		 

		 

		 

		2



		Total

		100

		100

		

		100

		100



		Total Fish

		134

		62

		

		83

		57







TABLE 7 	JULY SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		No Data for July

		

		

		

		

		



		

		 

		 

		 

		 

		 










TABLE 8 	AUGUST SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		American eel

		

		

		1

		

		



		black redhorse

		

		

		9

		

		



		black bullhead

		

		

		2

		

		



		blueback herring

		

		

		3

		

		



		bluegill

		

		

		6

		

		43



		brown bullhead

		

		

		5

		

		



		channel catfish

		

		

		18

		

		7



		common carp

		

		

		6

		

		



		gizzard shad

		

		

		5

		

		



		largemouth bass

		

		

		3

		

		



		redbreast sunfish

		

		

		1

		

		



		redear sunfish

		

		

		4

		

		



		river chub

		

		

		1

		

		



		snail bullhead

		

		

		

		

		3



		spottail shiner

		

		

		12

		

		43



		striped jumprock

		

		

		1

		

		



		threadfin shad

		

		

		15

		

		



		white catfish

		

		

		5

		

		3



		white crappie

		

		

		1

		

		



		whitefin shiner

		

		

		3

		

		



		

		

		

		

		

		



		Total

		

		

		100

		

		100



		Total Fish

		

		

		114

		

		30










TABLE 9 	SEPTEMBER SPECIES COMPOSITION FOR PARR 

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		

		

		3

		3



		bluegill

		34

		33

		

		20

		29



		channel catfish

		36

		14

		

		37

		



		common carp

		1

		

		

		

		



		fieryblack shiner

		

		

		

		

		3



		flat bullhead

		

		

		

		

		7



		gizzard shad

		

		4

		

		

		



		golden shiner

		3

		

		

		13

		



		largemouth bass

		

		2

		

		

		7



		Piedmont darter

		1

		

		

		

		



		redbreast sunfish

		6

		2

		

		3

		



		redear sunfish

		

		

		

		3

		



		sandbar shiner

		

		

		

		

		48



		shorthead redhorse

		

		4

		

		

		



		snail bullhead

		10

		6

		

		

		



		striped jumprock

		1

		2

		

		

		



		threadfin shad

		3

		29

		

		

		



		white catfish

		1

		

		

		20

		3



		white crappie

		1

		

		

		

		



		whitefin shiner

		1

		4

		

		

		



		

		

		

		

		

		



		Total

		100

		100

		

		100

		100



		Total Fish

		70

		51

		

		30

		31










TABLE 10	 OCTOBER SPECIES COMPOSITION FOR PARR 

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		4

		

		3

		



		bluegill

		

		54

		

		45

		72



		channel catfish

		

		8

		

		3

		



		fieryblack shiner

		

		

		

		7

		2



		flat bullhead

		

		2

		

		3

		



		gizzard shad

		

		2

		

		

		2



		golden shiner

		

		2

		

		

		



		redbreast sunfish

		

		6

		

		3

		2



		redear sunfish

		

		2

		

		7

		8



		redeye bass

		

		

		

		

		2



		smallfin redhorse

		

		2

		

		

		



		snail bullhead

		

		2

		

		

		2



		spottail shiner

		

		

		

		

		2



		striped jumprock

		

		14

		

		

		



		white catfish

		

		

		

		7

		2



		white perch

		

		

		

		

		4



		whitebass

		

		

		

		

		4



		whitefin shiner

		 

		2

		 

		21

		 



		Total

		

		100

		

		100

		100



		Total Fish

		

		50

		

		29

		53












TABLE 11	 OCTOBER SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		5

		

		

		59



		bluegill

		

		5

		

		43

		11



		channel catfish

		20

		2

		

		14

		



		flat bullhead

		

		5

		

		

		



		gizzard shad

		20

		47

		

		43

		11



		northern hogsucker

		

		2

		

		

		



		redbreast sunfish

		

		14

		

		

		



		silver redhorse

		20

		

		

		

		



		snail bullhead

		

		2

		

		

		



		striped jumprock

		20

		16

		

		

		



		white crappie

		20

		

		

		

		



		white perch

		

		

		

		

		7



		whitesucker

		

		

		

		

		7



		yellow perch

		 

		2

		 

		 

		4



		Total

		100

		100

		

		100

		100



		Total Fish

		5

		43

		

		7

		27





TABLE 12	DECEMBER SPECIES COMPOSITION FOR PARR

		Species

		Gaston Shoals

		Ninety-nine Islands

		Neal Shoals

		Holliday’s Bridge

		Saluda Hydro



		black crappie

		

		

		

		8

		



		bluegill

		

		

		

		19

		



		channel catfish

		14

		

		

		

		



		gizzard shad

		

		

		

		62

		83



		Piedmont darter

		14

		

		

		3

		



		smallfin redhorse

		43

		

		

		

		



		snail bullhead

		14

		

		

		3

		



		tesselated darter

		14

		

		

		

		



		white catfish

		

		

		

		

		3



		whitebass

		

		

		

		

		7



		yellow perch

		 

		 

		 

		5

		7



		Total

		100

		

		

		100

		100



		Total Fish

		7

		

		

		37

		30












TABLE 13 	RBR SPECIES COMPOSITION BY PERCENTAGE DURING CONVENTIONAL GENERATION

		Common Name

		JAN

		FEB

		MAR

		APR

		MAY

		JUN

		JUL

		AUG

		SEP

		OCT

		NOV

		DEC



		black crappie

		

		

		

		

		5

		17

		2

		1

		

		

		

		



		white crappie

		

		

		

		1

		

		2

		

		

		

		

		

		



		blueback herring

		10

		4

		21

		30

		41

		31

		9

		24

		5

		24

		1

		1



		threadfin shad

		87

		96

		17

		17

		2

		15

		64

		66

		78

		28

		95

		84



		carp

		

		

		

		

		

		

		1

		

		

		2

		

		



		spottail shiner

		

		

		1

		

		

		

		

		

		

		

		

		



		brown bullhead

		

		

		

		

		

		

		2

		

		6

		1

		

		6



		channel catfish

		

		

		

		

		1

		

		

		

		

		

		1

		



		white catfish

		

		

		

		

		1

		1

		1

		1

		5

		40

		3

		4



		yellow bullhead

		

		

		

		

		

		

		1

		

		

		

		

		



		white perch

		

		

		1

		5

		9

		1

		

		

		

		

		

		



		yellow perch

		3

		1

		59

		41

		39

		29

		16

		3

		3

		3

		

		4



		bluegill

		

		

		

		4

		2

		3

		3

		3

		2

		2

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		







TABLE 14 	RBR SPECIES COMPOSITION BY PERCENTAGE DURING PUMPBACK

		Common Name

		JAN

		FEB

		MAR

		APR

		MAY

		JUN

		JUL

		AUG

		SEP

		OCT

		NOV

		DEC



		 black crappie  

		

		

		

		3

		11

		

		

		

		

		

		

		



		 blueback herring  

		

		

		

		7

		68

		0

		2

		3

		1

		

		

		



		 bluegill  

		

		

		

		

		1

		

		

		

		

		

		

		



		 channel catfish  

		

		

		

		2

		2

		

		

		

		

		1

		

		



		 creek chub  

		

		

		

		

		

		1

		

		

		

		

		

		



		 spottail shiner  

		

		

		

		2

		1

		6

		

		

		

		

		

		



		 spotted bass  

		

		

		

		

		

		22

		

		

		

		

		

		



		 striped bass  

		

		

		

		

		

		5

		

		

		

		

		

		



		 tesselated darter  

		

		

		

		

		

		1

		

		

		

		

		

		



		 threadfin shad  

		

		

		

		64

		7

		

		97

		96

		98

		97

		

		



		 white crappie  

		

		

		

		

		

		2

		

		

		

		

		

		



		 white perch  

		

		

		

		17

		9

		53

		

		

		

		

		

		



		 yellow bullhead  

		

		

		

		

		

		7

		

		

		

		

		

		



		 yellow perch  

		 

		 

		 

		3

		1

		2
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TABLE 15	BAD CREEK SPECIES COMPOSITION

		Common Name

		JAN

		FEB

		MAR

		APR

		MAY

		JUN

		JUL

		AUG

		NOV

		DEC

		AVERAGE YEARLY



		blueback herring

		6

		20

		24

		30

		18

		65

		30

		9

		100

		85

		34



		threadfin shad

		89

		78

		72

		61

		20

		23

		18

		1

		0

		9

		29



		common carp

		 

		 

		 

		 

		4

		1

		 

		 

		 

		 

		0



		golden shiner

		 

		 

		

		

		1

		

		 

		 

		 

		 

		0



		white catfish

		 

		 

		

		2

		18

		2

		14

		41

		 

		

		10



		flat bullhead

		 

		 

		 

		 

		1

		 

		 

		2

		 

		 

		0



		channel catfish

		 

		 

		

		 

		1

		

		 

		

		 

		 

		0



		brown trout

		 

		 

		 

		

		2

		1

		 

		 

		 

		 

		0



		redbreast sunfish

		 

		 

		 

		

		3

		

		6

		13

		

		

		3



		warmouth

		 

		 

		 

		2

		4

		1

		2

		 

		 

		 

		1



		bluegill

		 

		 

		 

		2

		24

		7

		30

		32

		 

		5

		18



		largemouth bass
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May


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie84.721.6102.6


black redhorse116.4112.9


blackbanded darter10.610.3


blueback herring179.9174.4


bluegill440.01519.52313.48064.512231.9


bluehead chub110.010.3


brown bullhead95.292.3


central stoneroller110.010.3


channel catfish220.05532.05714.9


common carp110.033.9105.8143.7


creek chub110.010.820.5


flat bullhead11.310.3


flier10.610.3


gizzard shad11.310.620.5


golden shiner11.310.820.5


largemouth bass52.951.3


pumkinseed10.810.3


redbreast sunfish11.384.764.8153.9


redear sunfish179.943.2215.5


roseyface chub21.220.5


smallmouth bass11.310.3


snail bullhead1114.321.6133.4


spottail shiner33.930.8


striped jumprock31.730.8


threadfin shad3849.410.83910.2


v-lip redhorse10.810.3


warmouth43.241.0


white catfish10.810.3


whitefin shiner22.61915.3215.5


yellow perch10.610.3


yellowfin shiner10.810.3


TOTAL1010077100172100124100383100


Gaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda HydroTotal
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June


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie11.810.3


bluegill129.02540.36780.75189.515546.1


brown bullhead43.041.2


channel catfish1712.733.6206.0


common carp32.230.9


fathead minnow10.710.3


fieryblack shiner32.230.9


flat bullhead10.710.3


gizzard shad1422.6144.2


golden shiner10.711.220.6


green sunfish11.210.3


largemouth bass22.423.541.2


margined madtom10.710.3


redbreast sunfish2216.446.511.2278.0


redear sunfish32.211.241.2


redeye bass22.420.6


shorthead redhorse11.610.3


silver redhorse10.710.3


smallfin redhorse10.710.3


smallmouth bass10.710.3


snail bullhead4835.834.811.25215.5


spottail shiner10.734.841.2


striped jumprock32.211.641.2


threadfin shad812.982.4


white catfish118.223.5133.9


whitefin shiner34.844.872.1


yellow perch11.810.3


TOTAL134100621008310057100336100


TotalGaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda Hydro
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August


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


American eel10.910.7


black redhorse108.8106.9


black bullhead21.821.4


blueback herring32.632.1


bluegill76.11343.32013.9


brown bullhead65.364.2


channel catfish2118.426.72316.0


common carp76.174.9


gizzard shad65.364.2


largemouth bass32.632.1


redbreast sunfish10.910.7


redear sunfish43.542.8


river chub10.910.7


snail bullhead13.310.7


spottail shiner1412.31343.32718.8


striped jumprock10.910.7


threadfin shad1714.91711.8


white catfish65.313.374.9


white crappie10.910.7


whitefin shiner32.632.1


TOTAL11410030100144100


TotalGaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda Hydro
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September


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie13.313.221.1


bluegill2434.31733.3620.0929.05630.8


channel catfish2535.7713.71136.74323.6


common carp11.410.5


fieryblack shiner13.210.5


flat bullhead26.521.1


gizzard shad23.921.1


golden shiner22.9413.363.3


largemouth bass12.026.531.6


Piedmont darter11.410.5


redbreast sunfish45.712.013.363.3


redear sunfish13.310.5


sandbar shiner1548.4158.2


shorthead redhorse23.921.1


snail bullhead710.035.9105.5


striped jumprock11.412.021.1


threadfin shad22.91529.4179.3


white catfish11.4620.013.284.4


white crappie11.410.5


whitefin shiner11.423.931.6


TOTAL70100511003010031100182100


Gaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda HydroTotal




image9.emf

October


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie24.013.432.3


bluegill2754.01344.83871.77859.1


channel catfish48.013.453.8


fieryblack shiner26.911.932.3


flat bullhead12.013.421.5


gizzard shad12.011.921.5


golden shiner12.010.8


redbreast sunfish36.013.411.953.8


redear sunfish12.026.947.575.3


redeye bass11.910.8


smallfin redhorse12.010.8


snail bullhead12.011.921.5


spottail shiner11.910.8


striped jumprock714.075.3


white bass23.821.5


white catfish26.911.932.3


white perch23.821.5


whitefin shiner12.0620.775.3


TOTAL501002910053100132100


TotalGaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda Hydro
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November


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie24.7311.156.1


bluegill24.734327.478.5


channel catfish120.012.311433.7


flat bullhead24.722.4


gizzard shad120.02046.53431659.34048.8


Northern hogsucker12.311.2


redbreast sunfish614.067.3


silver redhorse120.011.2


snail bullhead12.311.2


striped jumprock120.0716.389.8


white crappie120.011.2


white perch311.133.7


white sucker13.711.2


yellow perch12.327.433.7


TOTAL51004310071002710082100


Gaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda HydroTotal
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December


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie38.134.1


bluegill718.979.5


channel catfish114.311.4


gizzard shad2362.22583.34864.9


Piedmont darter114.312.722.7


smallfin redhorse342.934.1


snail bullhead114.312.722.7


tesselated darter114.311.4


white bass26.722.7


white catfish13.311.4


yellow perch25.426.745.4


TOTAL7100371003010074100


TotalGaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda Hydro
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Common Name


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


Bluegill510.9108.318


9.4


3019.212231.915546.12013.95630.87859.178.579.550827.5


Channel Catfish6150.421.010.65714.9206.02316.04323.653.833.711.421611.7


Gizzard Shad2963.0129.9178.942.620.5144.264.221.121.54048.84864.91769.5


Snail Bullhead12.210.574.5133.45215.510.7105.521.511.222.7904.9


Threadfin Shad42.110.63910.282.41711.8179.3864.7


Redbreast Sunfish10.8178.974.5153.9278.010.763.353.867.3854.6


Black Redhorse5327.7112.9106.9744.0


Whitefin Shiner21.0149.0215.572.132.131.675.345.4613.3


Striped Jumprock10.821.02918.630.841.210.721.175.389.8573.1


White Catfish2016.542.610.3133.974.984.432.311.4573.1


Redear Sunfish10.810.5106.4215.541.242.810.575.3492.7


Spottail Shiner63.130.841.22718.810.8412.2


Silver Redhorse3116.231.910.311.2361.9


Brown Bullhead10.5117.192.341.264.2311.7


Black Crappie36.510.6102.610.321.132.356.134.1281.5


Common Carp31.6143.730.974.910.5281.5


Blueback Herring42.1174.432.1241.3


Largemouth Bass10.821.010.651.341.232.131.6191.0


Golden Shiner12.210.842.620.520.663.310.8170.9


Sandbar Shiner12.210.8158.2170.9


Shorthead Redhorse10.8126.310.321.1160.9


Hybrid Sunfish21.7127.7140.8


Flat Bullhead10.521.310.310.321.121.522.4110.6


Piedmont Darter12.221.021.310.522.780.4


Smallfin Redhorse31.910.310.834.180.4


Yellow Perch36.510.310.333.780.4


Fieryblack Shiner30.910.532.370.4


Northern Hogsucker12.221.721.010.611.270.4


Warmouth31.941.070.4


White Perch10.521.533.760.3


Redeye Bass10.510.620.610.850.3


Pumkinseed21.010.610.340.2


White Bass 21.522.740.2


Bluehead Chub10.810.610.330.2


Creek Chub10.820.530.2


Margined Madtom21.310.330.2


Tesselated Darter21.011.430.2


White Crappie10.710.511.230.2


White Sucker21.711.230.2


Black Bullhead21.420.1


Central Stoneroller10.810.320.1


Quillback10.510.620.1


Roseyface Chub20.520.1


Seagreen Darter12.210.8 20.1


Smallmouth Bass10.310.320.1


V-Lip Redhorse10.510.320.1


American Eel10.710.1


Blackbanded Darter10.310.1


Dollar Sunfish10.5 10.1


Fathead Minnow10.310.1


Flier10.310.1


Green Sunfish10.310.1


River Chub10.710.1


Silvery Minnow10.8 10.1


Thicklip Chub10.5 10.1


Yellowfin Shiner10.310.1


Total461001211001911001561003831003361000014410018210013210082100741001847100


AnnualJulyAugustSeptemberOctoberNovemberDecemberJuneJanuaryFebruaryMarchAprilMay
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Conventional


Common NameJANFEBMARAPRMAYJUNJULAUGSEPOCTNOVDECAnnual


%%%%%%%%%%%%%


Threadfin Shad86.79895.52017.04817.0311.69815.13964.41066.43678.32928.02494.98783.70087.244


Blueback Herring10.0933.52121.22229.50241.17630.8368.50724.1855.21824.1520.7931.0706.651


Yellow Perch2.7780.90359.09241.45138.70128.76515.6773.1602.6823.1280.3424.3604.039


White Catfish0.1100.0250.4020.2250.7181.0051.1071.4995.01939.8072.6463.8000.754


Bluegill0.0740.0090.4794.3541.7262.9683.4143.1202.3581.5960.1220.3200.347


Brown Bullhead0.0000.0000.0160.0000.1290.0812.3750.0005.8120.9270.0326.1400.268


Black Crappie0.0240.0020.1060.3725.28817.4901.8710.7090.0000.0000.0640.0400.222


White Perch0.0000.0090.8304.7019.1370.9420.0710.0000.0440.0000.0390.0000.214


Channel Catfish0.0140.0020.0000.0260.5260.0810.0750.2290.2070.0970.8370.1100.069


Spottail Shiner0.0570.0060.5790.4110.3080.1870.0000.0000.0000.0000.0000.2300.042


White Crappie0.0000.0000.0001.1540.0711.6100.0560.1290.0000.0000.0000.0000.040


Carp0.0000.0000.0000.0620.0300.2380.9430.0490.0861.7070.0000.0300.033


Gizzard Shad0.0080.0010.0580.0420.0000.0670.4960.0700.1630.3690.0230.0400.020


Yellow Bullhead0.0240.0000.0000.0000.0000.0000.6420.0000.0000.0000.0000.0000.011


Warmouth0.0080.0000.0000.1330.1170.0000.0000.0400.0610.0000.0000.0300.010


Flathead Catfish0.0000.0000.0000.0110.0000.0000.0000.0000.0000.0970.0920.0500.007


Hybrid Bass0.0030.0000.1070.0810.1330.0000.0000.0000.0000.0000.0150.0000.006


Black Bullhead0.0000.0000.0160.0960.0000.2070.0000.2620.0000.0000.0000.0000.004


Spotted Bass0.0000.0000.0000.0000.0000.0690.0000.0800.0000.0000.0090.0000.003


Green Sunfish0.0000.0000.0000.0150.0210.1060.0560.0000.0000.0000.0000.0000.002


Snail Bullhead0.0000.0000.0000.0000.0000.0710.0000.0000.0000.0000.0000.0500.002


Striped Bass0.0000.0000.0300.0350.0270.0000.0000.0000.0000.0000.0000.0000.002


Largemouth Bass0.0020.0000.0000.0000.0000.0000.0000.0000.0220.0970.0000.0000.002


Redbreast Sunfish0.0000.0000.0000.0230.0000.0000.0000.0320.0000.0000.0000.0000.002


Golden Shiner0.0030.0000.0000.0440.0000.0000.0000.0000.0000.0000.0000.0000.001


Silver Redhorse0.0000.0000.0000.0050.0740.0000.0000.0000.0000.0000.0000.0200.001


Tesselated Darter0.0000.0000.0000.0000.1060.0000.0000.0000.0000.0000.0000.0000.001


Whitefin Shiner0.0000.0000.0000.0080.0000.0000.0610.0000.0000.0000.0000.0000.001


Longnose Gar0.0020.0000.0000.0000.0000.0670.0000.0000.0000.0000.0000.0000.001


Rainbow Trout0.0000.0000.0000.0000.0000.0000.0710.0000.0000.0000.0000.0000.001


Walleye0.0000.0010.0000.0120.0000.0000.1690.0000.0000.0000.0000.0000.001


Northern Hogsucker0.0000.0000.0000.0000.0000.0730.0000.0000.0000.0000.0000.0000.001


Smallmouth Bass0.0000.0000.0000.0220.0000.0000.0000.0000.0000.0000.0000.0000.001


White Bass0.0000.0000.0150.0060.0000.0000.0000.0000.0000.0000.0000.0000.000


Coosa Bass0.0000.0000.0000.0000.0150.0000.0000.0000.0000.0000.0000.0000.000


Blackbanded Darter0.0000.0020.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.000


Total100100100100100100100100100100100100100
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Pumpback


Common NameJANFEBMARAPRMAYJUNJULAUGSEPOCTNOVDECTotal


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


 Threadfin Shad  65968.3464.3317953.997.240.000.00736668.8296.601302574.2896.26880021.4298.01417382.7397.443420569.5988.772


 Blueback Herring  7648.027.46167784.3467.640.000.0014322.971.8841100.963.049253.951.031901.620.44242011.866.281


 White Perch  17904.0017.4622086.288.9032267.7053.331324.070.172064.030.151188.400.131203.620.2878038.122.025


 Black Crappie  3012.522.9427821.9411.220.000.002430.490.322379.900.181006.570.11461.660.1137113.080.963


 Channel Catfish  1958.781.914208.821.7010.260.02665.060.09904.040.072091.070.233742.780.8713580.800.352


 Spotted Bass  0.000.000.000.0013117.4121.680.000.0010.890.00123.390.010.000.0013251.690.344


 Yellow Perch  2726.302.662565.381.031354.322.241281.750.171481.310.11175.340.02296.780.079881.180.256


 Bluegill  350.180.342722.071.100.000.002666.290.35942.160.071331.270.15857.380.208869.340.230


 Spottail Shiner  2078.702.031570.560.633888.546.43423.220.06266.850.020.000.0076.940.028304.820.216


 Yellow Bullhead  0.000.0010.930.004170.696.890.000.0021.780.000.000.000.000.004203.410.109


 Striped Bass  353.380.34404.480.162898.454.7942.320.0181.690.0158.450.0160.460.013899.230.101


 Gizzard Shad  79.950.0847.370.0212.830.022200.740.29283.190.02759.800.08401.210.093785.090.098


 White Cate'Ish  68.760.07178.560.070.000.00120.920.02364.880.031253.340.141527.890.363514.350.091


 White Crappie  36.780.04225.930.091143.991.890.000.0027.230.0064.940.010.000.001498.870.039


 Largemouth Bass  0.000.000.000.000.000.00126.970.02462.910.03331.190.04175.870.041096.940.028


 Tesselated Darter  0.000.000.000.00371.930.61126.970.0249.010.000.000.000.000.00547.910.014


 Hybrid Bass  228.660.22218.640.090.000.000.000.000.000.000.000.0032.980.01480.270.012


 Creek Chub  8.000.010.000.00382.190.630.000.000.000.000.000.000.000.00390.180.010


 Striped Killifish  0.000.0014.580.01251.370.420.000.000.000.000.000.000.000.00265.950.007


 Warmouth  23.990.02109.320.040.000.000.000.0038.120.0025.980.0016.490.00213.890.006


 Whitefin Shiner  0.000.000.000.00130.820.220.000.0016.340.000.000.0060.460.01207.610.005


 Brown Bullhead  22.390.020.000.000.000.0042.320.0154.460.0051.950.0132.980.01204.100.005


 White Bass  3.200.000.000.00110.300.180.000.0016.340.006.490.000.000.00136.330.004


 Black Bullhead  4.800.0010.930.000.000.0018.140.000.000.0084.420.0116.490.00134.780.003


 Golden Shiner  65.560.060.000.000.000.0024.180.0032.680.000.000.0010.990.00133.410.003


 Chain Pickerel  0.000.000.000.0094.910.1618.140.000.000.000.000.000.000.00113.040.003


 Redbreast  0.000.0025.510.0128.220.0536.280.0016.340.000.000.000.000.00106.340.003


 Redbreast Sunfish  0.000.000.000.0094.910.160.000.000.000.000.000.000.000.0094.910.002


 Carp  0.000.000.000.0092.340.150.000.000.000.000.000.000.000.0092.340.002


 Silver Redhorse  0.000.007.290.000.000.000.000.000.000.000.000.0082.440.0289.730.002


 Green Sunfish  11.190.0158.300.0210.260.020.000.000.000.000.000.000.000.0079.760.002


 Redear  0.000.0014.580.017.700.0112.090.0021.780.0019.480.000.000.0075.630.002


 Flathead Catfish  0.000.000.000.0010.260.020.000.0016.340.0038.960.000.000.0065.560.002


 River Chub  0.000.0018.220.0135.910.060.000.000.000.000.000.000.000.0054.130.001


 Longnose Gar  0.000.000.000.000.000.0036.280.000.000.006.490.000.000.0042.770.001


 Flier  0.000.000.000.000.000.000.000.0016.340.000.000.000.000.0016.340.000


 Blackbanded Darter  0.000.0014.580.010.000.000.000.000.000.000.000.000.000.0014.580.000


 Blue Catfish  0.000.000.000.007.700.010.000.000.000.000.000.000.000.007.700.000


 Coosa Bass  0.000.000.000.005.130.010.000.000.000.000.000.000.000.005.130.000


 Northern Hogsucker  0.000.000.000.005.130.010.000.000.000.000.000.000.000.005.130.000


 Margined Madtom  0.000.000.000.002.570.000.000.000.000.000.000.000.000.002.570.000


 Pumpkinseed  0.000.000.000.000.000.000.000.000.000.000.000.000.000.000.000.000


 River Carpsucker  0.000.000.000.000.000.000.000.000.000.000.000.000.000.000.000.000


TOTAL102553.46100.00248072.59100.0060505.79100.00762588.03100.001353243.86100.00897892.91100.00428341.75100.003853198.39100.00
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Common Name


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


Blueback herring875.6052120.4623224.18101330.1764617.61222065.40277829.561778.74146627.9341027.56224299.8967984.881246834.01


Threadfin shad138089.35198477.9569472.43204761.0074720.3677922.93169418.03241.19129824.7310.04749.191071929.24


Bluegill581.7386423.572216.51283130.1264631.90156329.7853936.24405.00676118.44


White catfish30.31661.9767118.30671.97128613.6883741.3154310.3530820.7110.13378110.31


Redbreast sunfish90.271103.0050.136076.4526112.861763.3510.0210.1311683.18


Warmouth621.851564.24320.932032.16250.47261.715021.37


Yellow perch785.05411.59282.92752.22742.00281.36380.7110.0240.443640.99


Black crappie90.27371.0010.01110.2120513.7820.252640.72


Common carp1393.78270.8060.101710.47


Brown trout90.27752.03180.521010.28


Flat bullhead280.75482.35750.20


Largemouth bass190.5090.2520.07380.71660.18


White bass10.0350.15571.0810.02630.17


Channel catfish10.05300.8250.1320.07370.10


Whitefin shiner100.27250.47350.09


Golden shiner10.1090.27190.5050.13330.09


Blackbanded darter90.2550.1320.07150.04


Spottail shiner90.2590.02


Yellowfin shiner90.2590.02


Quillback90.2590.02


Redear sunfish90.2590.02


Redeye bass 60.1060.02


Green sunfish20.0720.00


Total154510025451009581003356100366610033951009397100202510052471001488100224510080010036663100
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January


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie36.536.5


bluegill510.9510.9


gizzard shad2963.02963.0


golden shiner12.212.2


northern hogsucker12.212.2


Piedmont darter12.212.2


sandbar shiner12.212.2


seagreen darter12.212.2


snail bullhead12.212.2


yellow perch36.536.5


TOTAL4610046100


Gaston Shoals


Ninety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda HydroTotal
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February


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


bluegill936.011.2108.3


bluehead chub14.010.8


central stoneroller14.010.8


channel catfish28.05969.46150.4


creek chub11.210.8


gizzard shad312.022.4763.6129.9


golden shiner19.110.8


hybrid sunfish28.021.7


largemouth bass14.010.8


northern hogsucker11.219.121.7


redbreast sunfish14.010.8


redear sunfish14.010.8


sandbar shiner19.110.8


seagreen darter19.110.8


shorthead redhorse11.210.8


silvery minnow11.210.8


striped jumprock14.010.8


white catfish28.01821.22016.5


white sucker14.011.221.7


TOTAL251008510011100121100


TotalGaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda Hydro
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March


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black redhorse5352.553


27.7


blueback herring433.342.1


bluegill950.011.0813.3189.4


brown bullhead11.010.5


channel catfish18.311.021.0


common carp33.031.6


dollar sunfish11.010.5


flat bullhead11.710.5


gizzard shad316.7650.022.0610.0178.9


largemouth bass11.011.721.0


northern hogsucker11.011.721.0


Piedmont darter23.321.0


pumkinseed23.321.0


quillback11.010.5


redbreast sunfish422.21211.911.7178.9


redear sunfish11.010.5


redeye bass11.710.5


shorthead redhorse1211.9126.3


silver redhorse3151.73116.2


snail bullhead18.310.5


spottail shiner65.963.1


striped jumprock23.321.0


tesselated darter22.021.0


thicklip chub15.610.5


threadfin shad15.633.042.1


v-lip redhorse11.710.5


white perch11.710.5


whitefin shiner23.321.0


TOTAL181001210010110060100191100


Gaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda HydroTotal
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April


Species


No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%No. Fish%


black crappie13.710.6


bluegill77.8622.21743.63019.2


bluehead chub11.110.6


brown bullhead1011.113.7117.1


channel catfish11.110.6


flat bullhead22.221.3


gizzard shad11.1311.142.6


golden shiner33.312.642.6


hybrid sunfish1213.3127.7


largemouth bass11.110.6


margined madtom22.221.3


Northern hogsucker11.110.6


Piedmont darter13.712.621.3


pumkinseed12.610.6


quillback13.710.6


redbreast sunfish77.874.5


redear sunfish66.713.737.7106.4


redeye bass12.610.6


silver redhorse11.127.431.9


smallfin redhorse311.131.9


snail bullhead77.874.5


striped jumprock2325.6622.22918.6


threadfin shad13.710.6


warmouth11.125.131.9


white catfish33.313.742.6


whitefin shiner11.11333.3149.0


TOTAL901002710039100156100


TotalGaston ShoalsNinety-nine 


Islands


Neal ShoalsHollidays BridgeSaluda Hydro





MEMORANDUM



		TO:

		Parr/Fairfield Fisheries Technical Working Committee





		FROM:

		Henry Mealing and Jordan Johnson





		DATE:

		December 15, 2014





		RE:

		Fish Entrainment and Turbine Mortality Study

Third Hold Point – Annual Entrainment Estimation 









The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by the Fisheries Technical Working Committee (TWC) on December 19, 2013. The Plan identified several "hold points" associated with completion of the study. The purpose of each hold point is to allow the TWC members an opportunity to review the study progress to date prior to proceeding to the next phase of the analysis.  Two previous memoranda have been issued, which include: 

· Hold Point One memo focused on creation of an entrainment database and turbine mortality database for the Parr and Fairfield developments based on a review of entrainment and mortality studies conducted at projects similar to the two developments. Hold Point One memo also proposed entrainment rates for the Parr and Fairfield developments.

· Hold Point Two memo presented species composition data for use with entrainment estimates at the Parr and Fairfield developments.



This memo presents Hold Point Three, which includes:

· an annual fish entrainment estimate (Parr conventional generation, Fairfield conventional generation, and Fairfield pumpback operation) based on the proposed entrainment rates presented in the Hold Point One memo;

· the final proposed species/family group composition for Parr and Fairfield developments based on the species composition information presented in Hold Point Two; and

· the annual fish entrainment estimate by species/family group composition.






Parr Development Seasonal and Annual Entrainment Estimates



Total monthly project flows for the Parr development were determined based on operation records from 2000 through 2010 and are presented in Table 1. The seasonal fish entrainment rates were then multiplied with the project flow to yield a monthly fish entrainment estimate. These were summed both seasonally and annually (Table 1).



[bookmark: _Ref231802792][bookmark: _Toc249773782]Table 1	Estimated Number of Fish Entrained  Monthly, Seasonally, and Annually at the Parr Development Based on Historic Project Operations

		

		Month





		Seasonal Entrainment Rate (fish/mcf)

		Total Monthly Project Flows (mcf)

		Total Estimated Fish Entrained by Month

		Total Estimated Number Fish Entrained by Season



		Winter



		December

		2.97

		9,167

		27,226

		



		

		January

		2.97

		9,786

		29,065

		84,590



		

		February

		2.97

		9,528

		28,299

		



		

		

		

		

		

		



		Spring



		March

		3.41

		12,131

		41,367

		



		

		April

		3.41

		10,481

		35,740

		105,806



		

		May

		3.41

		8,416

		28,699

		



		

		

		

		

		

		



		Summer



		June

		7.4

		6,932

		51,300

		



		

		July

		7.4

		6,163

		45,606

		138,679



		

		August

		7.4

		5,645

		41,773

		



		

		

		

		

		

		



		Fall



		September

		4.17

		5,348

		22,302

		



		

		October

		4.17

		5,070

		21,141

		69,322



		

		November

		4.17

		6,206

		25,879

		



		Annual Total

		

		

		

		

		398,397












The Parr species composition data presented in the Hold Point Two memo was grouped and summed by percent composition for each family group and by season and are presented in Table 2. The centrachidae family, was separated into black bass and panfish due to the differences in body shapes and associated turbine mortality.



Table 2	Proposed species composition by Family and Season for the Parr Project Based on Projected Maximum Project Generation



		Family

		Winter

		Spring

		Summer

		Fall



		Catostomidae

		4.15%

		20.99%

		3.96%

		5.81%



		Panfishes

		13.28%

		38.00%

		44.58%

		44.95%



		Black Bass

		0.41%

		1.51%

		2.08%

		1.01%



		Clupeidae

		36.93%

		12.07%

		10.00%

		15.40%



		Cyprinidae

		4.98%

		10.70%

		12.08%

		9.60%



		Ictaluridae

		35.68%

		15.50%

		27.08%

		20.45%



		Moronidae

		0.83%

		0.14%

		0.00%

		1.77%



		Percidae

		3.73%

		1.10%

		0.21%

		1.01%



		Totals

		100%

		100%

		100%

		100%



		







The entrainment estimates (Table 1) were then multiplied by the family group percent compositions (Table 2) to produce an estimate of fish entrainment by family for each season and then summed annually.  This yields the average potential fish entrainment (approximately 398,000 fish) that could occur at the Parr development based on the entrainment database information and historic flow data for the development.



Table 3	Proposed Species Total Entrainment by Family and Season for the Parr Development Based on Historic Project Operations

		Family

		Winter

		Spring

		Summer

		Fall

		Annual



		Catostomidae

		3,510

		22,206

		5,489

		4,026

		34,942



		Panfish

		11,232

		40,204

		61,828

		31,161

		144,425



		Black Bass

		351

		1,597

		2,889

		700

		5,537



		Clupeidae

		31,239

		12,772

		13,868

		10,678

		68,557



		Cyprinidae

		4,212

		11,321

		16,757

		6,652

		38,942



		Ictaluridae

		30,186

		16,401

		37,559

		14,179

		98,325



		Moronidae

		702

		145

		0

		1,225

		2,072



		Percidae

		3,159

		1,161

		289

		700

		5,309



		Total

		84,591

		105,806

		138,679

		69,322

		398,398







Fairfield Development Seasonal and Annual Entrainment Estimates



Total monthly project flows for the Fairfield development (conventional generation and pumpback operation) were determined based on operation records from 2000 through 2010 and are presented in Table 4. The seasonal fish entrainment rates were then multiplied with the project flow to yield a monthly fish entrainment estimate for conventional generation and pumpback operations. These were summed both seasonally and annually for each operation type.





Table 4.	Estimated Number of Fish Entrained Monthly, Seasonally, and Annually at the Fairfield Development Based on Historic Project Operation

		

		Month

		Seasonal Entrainment Rate (fish/mcf) Conventional Generation

		Seasonal Entrainment Rate (fish/mcf) Pumpback Generation

		Total Monthly Project Flows (mcf)

		Total Estimated Fish Entrained by Month Conventional Generation

		Total Estimated Fish Entrained by Month Pumpback Generation

		Total Estimated Fish Entrained by Season Conventional Generation

		Total Estimated Fish Entrained by Season Pumpback Generation



		Winter

		December

		9.20

		3.20

		14,203

		130,668

		45,450

		374,026

		130,096



		

		January

		9.20

		3.20

		11,969

		110,115

		38,301

		

		



		

		February

		9.20

		3.20

		14,483

		133,244

		46,346

		

		



		Spring

		March

		2.50

		6.30

		18,237

		45,593

		114,893

		169,495

		427,127



		

		April

		2.50

		6.30

		23,287

		58,218

		146,708

		

		



		

		May

		2.50

		6.30

		26,274

		65,685

		165,526

		

		



		Summer

		June

		1.70

		16.40

		28,142

		47,841

		461,529

		137,846

		1,329,810



		

		July

		1.70

		16.40

		29,049

		49,383

		476,404

		

		



		

		August

		1.70

		16.40

		23,895

		40,622

		391,878

		

		



		Fall

		September

		2.60

		11.50

		19,622

		51,017

		225,653

		132,891

		587,788



		

		October

		2.60

		11.50

		16,077

		41,800

		184,886

		

		



		

		November

		2.60

		11.50

		15,413

		40,074

		177,250

		

		



		Total

		

		

		

		

		

		

		814,258

		2,474,822










The Fairfield development species composition data presented in Hold Point Two memo was grouped and summed by percent composition for each family group and by season and are presented in Table 5 for conventional generation and Table 6 for pumpback operation. Species composition from the entrainment database was slightly different between conventional and pumpback and was therefore presented separately. The centrachidae family, was separated into black bass and panfish due to the differences in body shapes and associated turbine mortality.



Table 5.	Proposed species composition by Family and Season for the Fairfield Development - Conventional Generation

		Family

		Winter

		Spring

		Summer

		Fall



		Catostomidae

		0.01%

		0.03%

		0.02%

		0.00%



		Black Bass

		0.00%

		0.01%

		0.05%

		0.04%



		Panfish

		0.17%

		4.62%

		10.53%

		1.40%



		Clupeidae

		93.58%

		42.59%

		70.05%

		77.35%



		Cyprinidae

		0.11%

		0.48%

		0.49%

		0.60%



		Ictaluridae

		3.44%

		0.72%

		2.54%

		18.52%



		Lepisosteidae

		0.00%

		0.00%

		0.02%

		0.00%



		Moronidae

		0.00%

		5.03%

		0.34%

		0.03%



		Percidae

		2.68%

		46.45%

		15.94%

		2.05%



		Totals

		100%

		100%

		100%

		100%







Table 6.	Proposed Species Composition by Family and Season for the Fairfield Development  - Pumpback Generation

		Family

		Winter

		Spring

		Summer

		Fall



		Catostomidae

		0.01%

		0.00%

		0.00%

		0.01%



		Black Bass

		0.05%

		0.00%

		0.63%

		0.05%



		Panfish

		0.29%

		9.81%

		0.45%

		0.29%



		Clupeidae

		98.75%

		74.01%

		96.36%

		98.75%



		Cyprinidae

		0.01%

		1.07%

		0.24%

		0.01%



		Ictaluridae

		0.67%

		1.84%

		0.29%

		0.67%



		Lepisosteidae

		0.00%

		0.00%

		0.00%

		0.00%



		Moronidae

		0.19%

		11.75%

		1.78%

		0.19%



		Percidae

		0.04%

		1.51%

		0.21%

		0.04%



		Fundulidae

		0.00%

		0.00%

		0.01%

		0.00%



		Esocidae

		0.00%

		0.00%

		0.01%

		0.00%



		Totals

		100%

		100%

		100%

		100%










The entrainment estimates (Table 4) were then multiplied by the family group percent compositions (Table 5 & 6) to produce an estimate of potential fish entrainment by family for each season and then summed annually for conventional generation (Table 7) and pumpback operation (Table 8).  These estimates represent an order-of-magnitude for potential fish entrainment that could occur at the Fairfield development based on the entrainment database information and historic flow data for the development.

Table 7.	Proposed Total Entrainment by Family and Season for the Fairfield Development  -  Conventional Generation

		Family

		Winter

		Spring

		Summer

		Fall

		Annual



		Catostomidae

		25

		44

		33

		0

		102



		Black Bass

		3

		21

		69

		56

		149



		Panfish

		633

		7,830

		14,520

		1,861

		24,844



		Clupeidae

		350,027

		72,192

		96,559

		102,794

		621,572



		Cyprinidae

		407

		815

		679

		794

		2,695



		Icatluridae

		12,872

		1,224

		3,507

		24,617

		42,220



		Lepisosteidae

		3

		0

		31

		0

		34



		Moronidae

		15

		8,532

		465

		43

		9,055



		Percidae

		10,028

		78,737

		21,982

		2,725

		113,472



		Total

		374,013

		169,393

		137,846

		132,891

		814,143







Table 8.	Proposed Total Entrainment by Family and Season for the Fairfield Development - Pumpback Generation

		Family

		Winter

		Spring

		Summer

		Fall

		Annual



		Catostomidae

		8

		9

		3

		37

		57



		Black Bass

		62

		0

		8,385

		279

		8,726



		Panfish

		371

		41,921

		6,032

		1,677

		50,001



		Clupeidae

		128,476

		316,097

		1,281,433

		580,469

		2,306,475



		Cyprinidae

		15

		4,557

		3,234

		66

		7,872



		Ictaluridae

		867

		7,874

		3,916

		3,918

		16,575



		Lepisosteidae

		1

		0

		22

		3

		26



		Moronidae

		250

		50,188

		23,711

		1,130

		75,279



		Percidae

		46

		6,464

		2,851

		209

		9,570



		Fundulidae

		0

		18

		154

		0

		172



		Esocidae

		0

		0

		69

		0

		69



		Total

		130,096

		427,128

		1,329,810

		587,788

		2,474,822







The Hold Point Four memo will present turbine mortality estimates that will be applied to these entrainment estimates to produce potential average annual fish entrainment estimates for the Parr and Fairfield developments.




Discussion



The Parr Development estimate of approximately 398,000 fish potentially entrained annually through the Parr Shoals turbines is based on several entrainment studies from projects on similar hydroelectric projects within the same or adjacent river systems. Therefore, we believe that these results represent a reasonable order-of-magnitude estimate of potential fish entrainment at the Parr Shoals Development.



The estimates of potential annual entrainment for the Fairfield Development (approximately 814,000 for conventional generation and 2,475,000 for pumpback) are based on much larger reservoirs within the same geographic region, but not within the Broad River Basin.  The projects used represented the best available data that we could identify for preparing an “order of magnitude” fish entrainment estimate: however, in each of the reference studies, entrainment estimates for clupeids (threadfin shad, gizzard shad and blueback herring) significantly influenced the entrainment rates and species compositions.  Although we used the best information we could identify, we believe that this portion of the study may be somewhat flawed in that clupeid densities in Monticello and in the Fairfield tailrace (Parr Reservoir) are likely not as high as the reference studies. This would create an overestimate of overall entrainment and especially for the clupeid family. We would welcome suggestions from the TWC on possible ways to adjust these estimates based on site specific information or on professional expertise.



Literature Cited
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MEMORANDUM



		TO:

		Parr/Fairfield Fisheries Technical Working Committee





		FROM:

		Henry Mealing and Jordan Johnson – Kleinschmidt Associates





		DATE:

		January 30, 2015





		RE:

		Fish Entrainment and Turbine Mortality Study

Fourth Hold Point – Turbine Mortality 









The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by the Fisheries Technical Working Committee (TWC) on December 19, 2013. The Plan identified several "hold points" associated with completion of the study. The purpose of each hold point is to allow the TWC members an opportunity to review the study progress to date prior to proceeding to the next phase of the analysis.  Three previous memoranda have been issued, which include: 

· Hold Point Memo One focused on creation of an entrainment database and turbine mortality database for the Parr Shoals and Fairfield developments based on a review of entrainment and mortality studies conducted at projects similar to the two developments. Hold Point Memo One also proposed entrainment rates for the Parr Shoals and Fairfield developments.

· Hold Point Memo Two presented species composition data for use with entrainment estimates at the Parr Shoals and Fairfield developments.

· Hold Point Memo Three presented: 1) an annual fish entrainment estimate (Parr Shoals conventional generation, Fairfield conventional generation, and Fairfield pumpback operation) based on the proposed entrainment rates presented in the Memo One, 2) the final proposed species/family group composition for Parr Shoals and Fairfield developments based on the species composition information presented in Memo Two, and 3) the estimated annual fish entrainment by species/family group composition for each development.



This Hold Point Memo Four presents proposed fish survival rates for turbine passage by species and family group.  We used the “survival” estimate terminology because the database presented information in percent turbine survival – not “mortality”.  We can adjust that terminology based on input from the TWC.



After the TWC approves Hold Point Memo Four, we will combine all of the memos into a Draft Report of potential entrainment and turbine mortality impacts for the Parr Shoals and Fairfield Developments.


Parr Shoals Development Survival Estimate



Survival estimates for fish passing through the Parr Shoals turbines were determined based on data gathered from the EPRI (1992, 1997) turbine survival and entrainment database. Source projects selected and used were originally presented in Table 7 of Memo One. Data from tests conducted at each of these source projects was combined into a single database for use at the Parr Shoals Development. Data for all tests conducted at a source project were combined into a list of species and their associated survival rates (Appendix). Data for species tested multiple times at a single project were combined to yield an average survival rate for the species. Species data from each source study was then combined by family, shown in Table 1. There were no survival test data of the family Moronidae available in the database.  Therefore, we propose to use the black bass data as a surrogate for Moronidae based on similar size and shape of the two groups.





Fairfield Development Survival Estimate



Survival estimates for fish passing through the Fairfield development turbines were determined in the same fashion as the Parr Shoals analysis. A database of projects with similar turbine types and characteristics was developed using the EPRI (1992;1997) database. Of the eight projects we initially selected for estimating Fairfield turbine mortality, we did not use the Shasta, Ruskin, and Seton Creek projects because these only provided survival data for salmonids, which do not occur at the Fairfield Development. The remaining data was consolidated to create an average estimated survival rate for each species/family group listed in the Fairfield Development species composition. There was no survival test data available for several species/family groups: Clupeidae, Fundulidae, Ictaluridae, Moronidae, and Lepisosteidae.  We propose to use data from the Cyprinidae family for both Clupeidae and Fundulidae.  We propose to use an average of the black bass and Catastomidae groups as a surrogate for both Ictaluridae and Moronidae.  Ew also propose to use the Esocidae data as a surrogate for the Lepisoteidae family.  
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[bookmark: _Ref231802792][bookmark: _Toc249773782]Table  1.	Parr Shoals Development – Turbine Survival Test Data by Family Group

		Project

		Panfish

		Black Bass

		Cyprinidae

		Percidae

		Catostomidae

		Clupeidae

		Ictaluridae

		Moronidae1



		Alcona

		90%

		

		93%

		70%

		92%

		

		

		 



		Five Channels

		96%

		

		95%

		86%

		80%

		

		

		 



		Grand Rapids

		91%

		

		

		

		94%

		

		

		 



		Rogers

		95%

		80%

		87%

		94%

		91%

		

		

		80%



		Sandstone Rapids

		90%

		

		71%

		

		71%

		

		

		 



		Stevens Creek

		95%

		

		

		97%

		

		97%

		

		 



		Columbia

		98%

		

		

		

		

		99%

		99%

		 



		Average Survival

		93%

		80%

		86%

		87%

		86%

		98%

		99%

		80%



		1 black bass used as surrogate

		

		

		

		

		

		









Table 2	Fairfield Development – Turbine Survival Test Data by Family Group

		Project

		Panfish

		Percidae

		Cyprinidae

		Black Bass

		Catostomidae

		Esocidae

		Clupeidae1

		Ictaluridae2

		Lepisosteidae3

		Moronidae2

		Fundulidae1



		Bond Falls

		80%

		79%

		72%

		

		

		

		72%

		

		

		

		72%



		Caldron Falls

		92%

		

		65%

		

		65%

		

		65%

		65%

		

		65%

		65%



		Colton

		15%

		36%

		

		25%

		46%

		

		

		36%

		

		36%

		 



		Hardy

		96%

		87%

		97%

		95%

		84%

		88%

		97%

		90%

		88%

		90%

		97%



		Hoist

		52%

		

		

		

		

		

		

		

		

		

		 



		Average Survival

		67%

		68%

		78%

		60%

		65%

		88%

		78%

		63%

		88%

		63%

		78%



		1 Cyprinidae used as surrogate

		

		

		

		

		

		

		



		2 average of Catostomids and Black Bass used as surrogate

		

		

		

		

		

		

		



		3 Esocidae used as surrogate

		

		

		

		

		

		

		













Discussion



The Parr Shoals and Fairfield fish survival estimates are based on multiple turbine mortality studies from projects with similar turbine types and characteristics. Therefore, we believe that these results represent reasonable fish survival estimates that can be used for the estimation of the number of fish potentially killed when entrained at the Parr Shoals and Fairfield developments.



After discussion and agreement on fish survival (turbine mortality) rates, we will compile the information from the four memos into a draft report for the TWC’s review.
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Appendix



Parr Turbine Survival Database
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Fairfield Turbine Survival Database
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Bond Falls


# released


# recovered


immediate # live


survival recovered


yellow perch


no data


297


236


79%


golden shiner


no data


285


205


72%


bluegill


no data


542


435


80%


Caldron Falls


# released


# recovered


immediate # live


survival recovered


bluegill, bluegill x green sunfish hybrid


361


342


316
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433


200


46%
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no data


172


25


15%
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479


121


25%
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88


43


49%


walleye


no data


151


35


23%


Hardy
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80
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golden shiner


119


97
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97%
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39


37


95%
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58
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44
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walleye
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Jordan Johnson
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D


ATE


:
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3
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R


E


:


 


Fish Entrainment and 


Turbine Mortality Study


 


Fourth


 


Hold Point 


–


 


Turbine Mortality


 


 


 


 


The Parr


-


F


airfield Fish Entrainment and Turbine Mortality Study Plan 


(Plan) was approved by 


the Fisheries Technical Work


ing Committee (TWC) on December 19, 2013


. The Plan 


identifie


d


 


several


 


"hold points" associated with 


completion of the study


. The purpose of each 


hold point 


is 


to allow the TWC members an opportunity to review the study progress to date prior to 


p


roceeding t


o


 


the next phase of the analysis.


  


Three


 


previous memoranda have been issued, 


which include:


 


 


·


 


Hold Point 


Memo 


One


 


focused on 


creation


 


of an entrainment 


database 


and turbine 


mortality database for the Parr 


Shoals 


and Fairfield developments 


based on 


a 


review of 


entrainment and mortality 


studies conducted 


at projects 


similar to the


 


two developments


. 


Hold Point 


Memo 


One 


also proposed entrainment rates for the Parr 


Shoals 


and Fairfield 


developments


.


 


·


 


Hold Point 


Memo 


Two 


presented 


species composition 


data 


for use with entrainment 


estimates at 


the Parr 


Shoals 


and Fairfield 


developments


.


 


·


 


Hold Point 


Memo 


Three presented: 


1) 


an 


annual fish entrainment estimate 


(Parr 


Shoals 


conventional generation, Fairfield conventional generation, and Fairfield pumpback 


operation) based on the proposed entrainment rates presented in the 


Memo 


One, 


2) 


the 


final proposed species/family group composition for Parr 


Shoals 


and Fairfield 


developmen


ts based on the species composition information presented in 


Memo 


Two, 


and 


3) 


the 


estimated 


annual fish entrainment by species/family group composition


 


for 


each development


.


 


 


This 


Hold Point 


Memo 


Four 


presents 


proposed 


fish


 


survival


 


rates 


for turbine passa


ge 


by species


 


and family group.  We used 


the “


survival


”


 


estimate


 


terminology 


because the database presented 


information in percent turbine survival 


–


 


not 


“


mortality


”


.


  


We can adjust that terminology based 


on input from the TWC.


 


 


After the TWC approves Hold


 


Point 


Memo 


Four, we will combine all of the memos into a 


Draft


 


Report of potential entrainment and turbine mortality impacts for the Parr Shoals and Fairfield 


Developments.


 


 



MEMORANDUM



		TO:

		Parr/Fairfield Fisheries Technical Working Committee





		FROM:

		Henry Mealing and Jordan Johnson – Kleinschmidt Associates





		DATE:

		February 9, 2015





		RE:

		Fish Entrainment and Turbine Mortality Study

Fourth Hold Point – Turbine Mortality  ADDENDUM - USFWS Comments









We issued the Hold Point Memo Four – Turbine Mortality information to the Fisheries TWC on January 30, 2015 for review and comment.  Byron Hamstead forwarded the US Fish and Wildlife Service (USFWS) comments on February 3, 2015. We have copied his comments and questions below and provided clarifications as they are available.



USFWS Recommendation



USFWS Question 1) It seems that you calculated fish survival using the method below. Can you confirm this? 

Survival rate = (number of test fish recovered live immediately following the test) / (the total number of fish recovered)

I suggest outlining whatever equation we decide on in the HP4 memo.



Kleinschmidt Response:  Yes, we used the reported number of test fish recovered alive immediately after the turbine test divided by the total number of fish recovered during the test.  



Fish Survival % = # of test fish recovered live immediately / # of test fish recovered



The reason we did this is based on some common testing methods that have been utilized during turbine survival tests over the past 20 years.  Turbine testing is not a perfect art, but many investigators have refined testing methods over time.  There are two primary types of test fish recovery that are represented in our database – netting recovery and balloon tag recovery.  



Netting recovery typically utilizes a large conical net fitted with a live-car in the tailrace area that will sample the full discharge of the test turbine.  Fish are introduced into the turbine intake and then recovered in the live car.  Some researchers have even used “control” fish in their study to adjust the number of recovered fish (EPRI 1992, 1997).  Based on our experience, there are a couple of factors that can influence the number of fish recovered in turbine testing: net efficiency was not 100% (could not recover all control fish) and large predator fish were present in the net and may have impacted the number of test fish retrieved (H. Mealing pers. observation).



Balloon tag recovery utilizes a balloon attached to the test fish that is activated prior to injection into the turbine.  Through a chemical reaction the balloon becomes buoyant during turbine passage and floats the fish to the surface in the tailrace where it is retrieved.  Researchers have adjusted survival numbers for these tests based on the inability to retrieve test fish because the balloon malfunctioned and the fish did not float up or based on control or test fish that were introduced to the tailrace and were not retrieved because of some unique dynamic in the tailrace where fish were trapped and could not be retrieved (Normandeau Associates 2015).



USFWS Question 2) For a given study, the number of fish that were recovered is sometimes less than the number of fish tested (released).  I am concerned that the above equation does not account for the number of test fish that were not recovered but died from entrainment injuries. Since we have no way of knowing whether an un-recovered entrained test fish survived, I propose that we assume that half of them did not. 



Kleinschmidt Response:  We originally presented individual turbine test data in the Appendix of Hold Point Memo 4 (January 30, 2015).  We recalculated the survival rates presented in those Appendices to reflect the USFWS recommendation to use the total number of fish tested and assume that ½ of them died and ½ of them lived.  The revised information is presented in Tables 1 and 2.     



USFWS Question 3) The EPRI database includes data that measures fish survival according to the proportion of live fish recovered 24hrs and also 48hrs after the test.  I propose that we use the 48hr survival rate data for a more accurate mortality estimate keeping in mind that some of these fish recovered live may die due to their injuries (infection, predation, etc.) sometime after that 48hr period. These proposals would yield the following equation:

Survival rate = (0.5(# released - # recovered) + (# live after 48hrs)) / (# released)



Kleinschmidt Response:  We went back through the database, pulled, and summarized the 24 and 48 hour latent mortality data and have also included those both with and without the “USFWS Recommendation” for number of fish recovered (Tables 1 and 2).     

-----------------------------



Summary Data



We summarized the original and revised turbine mortality data for each family group and presented those in Tables 3 and 4.  This summary data provides an easy way to evaluate the changes in overall turbine mortality with the proposed “USFWS Recommendation”.
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[bookmark: _Ref231802792][bookmark: _Toc249773782]Table 1	Parr Shoals Development – Turbine Survival Test Data by Family Group

		

		 

		 

		 

		 

		 

		USFWS Equation

		Study Data



		ALCONA

		Number of Fish Released

		Number of Fish Recovered

		Number Live Immediate

		Number Alive     24 hr

		Number Alive    48 hr

		Immediate Survival

		24 hr Survival

		48 hr Survival

		Immediate Survival

		24 hr Survival

		48 hr Survival



		Bluegill

		199

		182

		164

		147

		132

		87%

		78%

		71%

		90%

		81%

		73%



		Spottail Shiner

		40

		35

		33

		27

		13

		89%

		74%

		39%

		94%

		77%

		37%



		Yellow Perch

		100

		95

		61

		48

		40

		64%

		51%

		43%

		64%

		51%

		42%



		Golden Shiner

		109

		101

		92

		85

		80

		88%

		82%

		77%

		91%

		84%

		79%



		Northern Pike

		44

		43

		24

		22

		22

		56%

		51%

		51%

		56%

		51%

		51%



		Grass Pickerel

		30

		30

		29

		27

		26

		97%

		90%

		87%

		97%

		90%

		87%



		Walleye

		92

		92

		69

		44

		22

		75%

		48%

		24%

		75%

		48%

		24%



		White Sucker

		114

		114

		105

		100

		98

		92%

		88%

		86%

		92%

		88%

		86%



		Five Channels

		

		

		

		

		

		

		

		

		

		

		



		Bluegill

		186

		172

		165

		161

		149

		92%

		90%

		84%

		96%

		94%

		87%



		Spottail Shiner

		30

		11

		11

		4

		2

		68%

		45%

		38%

		100%

		36%

		18%



		Yellow Perch

		55

		51

		46

		45

		33

		87%

		85%

		64%

		90%

		88%

		65%



		Golden Shiner

		119

		103

		93

		87

		82

		85%

		80%

		76%

		90%

		84%

		80%



		Walleye

		115

		115

		95

		85

		81

		83%

		74%

		70%

		83%

		74%

		70%



		White Sucker

		116

		97

		78

		78

		76

		75%

		75%

		74%

		80%

		80%

		78%



		Northern Pike

		31

		29

		26

		26

		26

		87%

		87%

		87%

		90%

		90%

		90%



		Grand Rapids

		

		

		

		

		

		

		

		

		

		

		



		bluegill

		no data

		974

		887

		851

		801

		n/a

		n/a

		n/a

		91%

		87%

		82%



		white sucker

		no data

		1967

		1853

		851

		801

		n/a

		n/a

		n/a

		94%

		43%

		41%



		Rogers

		

		

		

		

		

		

		

		

		

		

		



		bluegill

		182

		174

		165

		157

		150

		93%

		88%

		85%

		95%

		90%

		86%



		spottail shiner

		no data

		31

		25

		no data

		22

		n/a

		n/a

		n/a

		81%

		n/a

		71%



		yellow perch

		no data

		117

		110

		no data

		105

		n/a

		n/a

		n/a

		94%

		n/a

		90%



		golden shiner

		94

		77

		72

		65

		47

		86%

		78%

		59%

		94%

		84%

		61%



		largemouth bass

		60

		55

		44

		43

		41

		78%

		76%

		73%

		80%

		78%

		75%



		northern pike

		47

		42

		39

		39

		35

		88%

		88%

		80%

		93%

		93%

		83%



		walleye

		no data

		38

		36

		no data

		31

		n/a

		n/a

		n/a

		95%

		n/a

		82%



		white sucker

		no data

		90

		82

		0

		74

		n/a

		n/a

		n/a

		91%

		n/a

		82%



		

		

		

		

		

		

		

		

		

		

		

		



		Sandstone Rapids

		Number of Fish Released

		Number of Fish Recovered

		Number Live Immediate

		Number Alive     24 hr

		Number Alive    48 hr

		Immediate Survival

		24 hr Survival

		48 hr Survival

		Immediate Survival

		24 hr Survival

		48 hr Survival



		bluegill, bluegill x green sunfish hybrid

		316

		285

		256

		244

		226

		86%

		82%

		76%

		90%

		86%

		79%



		fathead minnow, creek chub, white sucker, golden/shorthead redhorse

		897

		775

		550

		528

		442

		68%

		66%

		56%

		71%

		68%

		57%



		Stevens Creek

		Number of Fish Released

		Number of Fish Recovered

		Number Live Immediate

		Number Alive     24 hr

		Number Alive    48 hr

		Immediate Survival

		24 hr Survival

		48 hr Survival

		Immediate Survival

		24 hr Survival

		48 hr Survival



		blueback herring

		131

		123

		119

		118

		116

		94%

		93%

		92%

		97%

		96%

		94%



		sunfish spp

		110

		110

		104

		100

		88

		95%

		91%

		80%

		95%

		91%

		80%



		yellow perch                  spotted sucker

		120

		120

		116

		113

		103

		97%

		94%

		86%

		97%

		94%

		86%



		Columbia

		Number of Fish Released

		Number of Fish Recovered

		Number Live Immediate

		Number Alive     24 hr

		Number Alive    48 hr

		Immediate Survival

		24 hr Survival

		48 hr Survival

		Immediate Survival

		24 hr Survival

		48 hr Survival



		Channel Catfish

		95

		88

		87

		no data

		86

		95%

		n/a

		94%

		99%

		n/a

		98%



		Bluegill, Redbreast Sunfish

		100

		96

		94

		no data

		93

		96%

		n/a

		95%

		98%

		n/a

		97%



		blueback herring

		100

		90

		89

		no data

		68

		94%

		n/a

		73%

		99%

		n/a

		76%










Table  2.	Fairfield Development – Turbine Survival Test Data by Family Group

		

		 

		 

		 

		 

		 

		USFWS Equation

		Study Data



		Bond Falls

		Number of Fish Released

		Number of Fish Recovered

		Number Live Immediate

		Number Alive     24 hr

		Number Alive    48 hr

		Immediate Survival

		24 hr Survival

		48 hr Survival

		Immediate Survival

		24 hr Survival

		48 hr Survival



		yellow perch

		no data

		297

		236

		227

		226

		n/a

		n/a

		n/a

		79%

		76%

		76%



		golden shiner

		no data

		285

		205

		162

		147

		n/a

		n/a

		n/a

		72%

		57%

		52%



		bluegill

		no data

		542

		435

		391

		381

		n/a

		n/a

		n/a

		80%

		72%

		70%



		Caldron Falls

		

		

		

		

		

		

		

		

		

		

		



		bluegill, bluegill x green sunfish hybrid

		361

		342

		316

		311

		304

		90%

		89%

		87%

		92%

		91%

		89%



		fathead minnow, creek chub, white sucker, golden/shorthead redhorse

		844

		803

		520

		513

		488

		64%

		63%

		60%

		65%

		64%

		61%



		Colton

		

		

		

		

		

		

		

		

		

		

		



		white sucker

		no data

		433

		200

		155

		134

		n/a

		n/a

		n/a

		46%

		36%

		31%



		bluegill

		no data

		172

		25

		5

		2

		n/a

		n/a

		n/a

		15%

		3%

		1%



		largemouth bass

		no data

		479

		121

		19

		2

		n/a

		n/a

		n/a

		25%

		4%

		0%



		yellow perch

		no data

		88

		43

		33

		29

		n/a

		n/a

		n/a

		49%

		38%

		33%



		walleye

		no data

		151

		35

		29

		20

		n/a

		n/a

		n/a

		23%

		19%

		13%



		Hardy

		

		

		

		

		

		

		

		

		

		

		



		bluegill

		123

		83

		80

		72

		72

		81%

		75%

		75%

		96%

		87%

		87%



		golden shiner

		119

		97

		94

		76

		76

		88%

		73%

		73%

		97%

		78%

		78%



		largemouth bass

		60

		39

		37

		27

		26

		79%

		63%

		61%

		95%

		69%

		67%



		northern pike

		58

		50

		44

		38

		38

		83%

		72%

		72%

		88%

		76%

		76%



		walleye

		42

		40

		31

		30

		29

		76%

		74%

		71%

		78%

		75%

		73%



		white sucker

		119

		83

		70

		57

		57

		74%

		63%

		63%

		84%

		69%

		69%



		yellow perch

		120

		87

		84

		79

		76

		84%

		80%

		77%

		97%

		91%

		87%



		Hoist

		

		

		

		

		

		

		

		

		

		

		



		bluegill

		300

		164

		86

		no data

		no data

		51%

		n/a

		n/a

		52%

		n/a

		n/a















		 

		USFWS Equation

		Study Data



		Family Group 

		Immediate Survival

		24 hr Survival

		48 hr Survival

		Immediate Survival

		24 hr Survival

		48 hr Survival



		Panfish

		91%

		86%

		82%

		93%

		88%

		83%



		Black Bass

		78%

		76%

		73%

		80%

		78%

		75%



		Cyprinidae

		80%

		71%

		58%

		86%

		70%

		58%



		Percidae

		84%

		74%

		62%

		87%

		75%

		68%



		Catostomidae

		83%

		81%

		75%

		88%

		75%

		72%



		Clupeidae

		94%

		93%

		82%

		98%

		96%

		85%



		Ictaluridae

		95%

		n/a

		94%

		99%

		n/a

		98%



		Moronidae¹

		78%

		76%

		73%

		80%

		78%

		75%



		¹ Black bass used as surrogate





Table 3.  Parr Shoals Development – Turbine Survival Test Data by Family Group





Table 4.  Fairfield Development – Turbine Survival Test Data by Family Group



		

		USFWS Equation

		Study Data



		Family Group

		Immediate Survival

		24 hr Survival

		48 hr Survival

		Immediate Survival

		24 hr Survival

		48 hr Survival



		Panfish

		64%

		60%

		58%

		67%

		63%

		62%



		Percidae

		65%

		60%

		58%

		68%

		63%

		60%



		Cyprinidae

		75%

		64%

		62%

		78%

		66%

		64%



		Black Bass

		52%

		33%

		31%

		60%

		37%

		34%



		Catostomidae

		61%

		54%

		51%

		65%

		56%

		53%



		Esocidae

		83%

		72%

		72%

		88%

		76%

		76%



		Clupeidae¹

		83%

		72%

		72%

		88%

		76%

		76%



		Ictaluridae²

		59%

		49%

		46%

		63%

		51%

		48%



		Lepisosteidae³

		83%

		72%

		72%

		88%

		76%

		76%



		Moronidae²

		59%

		49%

		46%

		63%

		51%

		48%



		Fundulidae¹

		75%

		64%

		62%

		78%

		66%

		64%



		¹ Cyprinidae used as surrogate 



		² average of Catostomids and Black Bass used as surrogate



		³ Esocidae used as surrogate












Discussion



The USFWS has requested that we increase the “released numbers” to account for the fish that were “lost” in the turbine testing experiment.  The use of the higher fish released numbers lowered the overall survival estimates.  The USFWS has also requested that we use the 48 hour survival estimates for a “more accurate number”.  We point out that both 24 and 48 hour survival reflect higher mortality associated with the impacts of both turbine passage and turbine testing.  However, we are not sure that each of these studies use control fish to correct for non-turbine effects such as netting, handling, and tank stresses associated with holding fish for 48 hours in a recovery tank. 



After discussion and agreement on which fish survival (turbine mortality) rates that we will use, we will revise the family group estimates and send those back out to the TWC.  We will then proceed with compiling the information from the four memos into a draft report for the TWC’s review.
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We issued the 


Hold Point 


Memo 


Four 


–


 


Turbine Mortality information 


to the Fisheries TWC 


on 


January 


30, 2015 for review and comment.  Byron Hamstead forwarded the US Fish and 


Wildlife Service (USFWS) comments on February 3, 2015. We 


have copied h


is comments and 


questions below and provided clarifications as they are available.


 


 


USFWS Recommendation


 


 


USFWS Question 


1)


 


It seems that you calculated fish survival using the method below. Can you 


confirm this?


 


 


Survival rate = (number of test fish recovered live


 


immediately following the test) / (the total 


number of fish recovered)


 


I suggest outlining whatever equation we decide on in the HP4 memo.


 


 


Kleinschmidt 


Response:


  


Yes, we used the 


reported 


number of test fish recovered alive 


immediately 


after the turbine test divided


 


by the total number of fish recovered during the test.  


 


 


Fish Survival % 


= 


#


 


of test fish recovered live immediately / 


# of test fish recovered


 


 


The reason we did this is based on some 


common


 


testing methods that have been utilized during 


turbine surviva


l tests over the past 20 years.  Turbine testing is not a perfect art, but many 


investigators have refined testing methods over time.  There are two primary types of test fish 


recovery that are represented in our database 


–


 


netting recovery and balloon tag


 


recovery.  


 


 


Netting recovery 


typically 


utilizes a large 


conical


 


net fitted with a live


-


car in the tailrace area


 


that 


will sample the full discharge of the test turbine


.  Fish are introduced into the turbine 


intake 


and 


then recovered 


in the live car


.  Som


e researchers 


have even used “control” fish in their study to 


adjust the number of recovered fish


 


(EPRI 199


2, 1997


).  Based on our experience, there are 


a 


couple of


 


factors that can influence the number of fish recovered in turbine testing: net efficiency 


was not 


100%


 


(


could not recover all control fish


)


 


and


 


large predator fish were present in the net 


and 


may have impacted 


the number of test fish retrieved


 


(H. Mealing pers. observation)


.


 


 


Balloon tag recovery utilizes a balloon attached to the test fish tha


t is activated prior to injection 


into the turbine


.  T


hrough a chemical reaction 


the balloon becomes buoyant


 


during turbine 


passage


 


and floats the fish to the surface in the tailrace where it is retrieved.  Researchers have 
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These notes serve as a summary of the major points presented during the meeting and are not intended to be a transcript or analysis of the meeting.

Henry opened the meeting with a brief discussion of big picture.  Each of these Memos are “building blocks” that we will use to prepare an estimate of potential entrainment and turbine mortality for the Parr and Fairfield developments.


Revised Memo #1


Henry began the discussions on Entrainment Memo #1.  This memo provides several elements for entrainment evaluation:


· the proposed entrainment study database


· database entrainment rates for “Parr-type” studies and “Fairfield-type” studies


· proposed mean seasonal entrainment rates for Parr and Fairfield

· the proposed turbine mortality study database

We discussed the recommendation from Byron about considering the use of the Buzzard Roost Study as part of the entrainment database.  Review of the Buzzard Roost study determined that entrainment rates were vastly different from the other studies that were included.  The group agreed with the recommendation not to include Buzzard Roost in the evaluation.


The group was in general agreement with the seasonal entrainment rates proposed for use in the Parr estimates (Table 5) and Fairfield estimates Tables 13 & 14.

The turbine mortality database provides a range of projects where turbine mortality testing has been performed on a variety of species.  The next Memo on Turbine Mortality will provide specific mortality rates for multiple species/family groups for both developments.


Memo #2

Shane then reviewed the information in Memo #2, which solely focused on species composition data for entrainment.  The group agreed with the species proposed for application to the Parr development.  Shane noted that we would use the raw data to develop seasonal percent composition for each family group and that Centrarchids would be subdivided into “panfish” (bluegill, redbreast, crappie, ect.) and “fusiforme” (black basses) species.


However, the group had some discussions about the species composition for use at Fairfield.  The Richard B. Russell (RBR) project documented a range of species that were entrained during generation and pump-back.  The data for Bad Creek (BC) is dominated by shad/herring and combination of the two data sets could reduce the percent contribution of other non-shad species. The same observation applies to the Jocassee study which assumed that almost 100% of the species entrained were shad and herring.

The group suggested that Henry discuss this issue with Dick Christie (SDCNR) and get his recommendations.


NOTE:  Henry and Dick discussed this briefly a day after the meeting.  Dick provided some SCDNR reports to Henry that will provide additional data to aid in describing the species composition of Monticello Reservoir.


Next Memo


Shane stated that the next memo will include the proposed seasonal species/family group percent composition to be used for Parr estimates.  We will also provide a proposed seasonal species/family group percent composition for Fairfield – both with RBR only and with RBR/BC combined.

The next memo will also include an extrapolation of the estimated number of fish entrained for each development.  This will be based on Entrainment Rate X Volume of Water passed through each development.  We will also multiply the species composition to this estimate to give a breakdown of species entrained.  We will also include species composition data that Milton has been collecting in the forebay and tailrace areas of Fairfield.

We will also include the proposed turbine mortality rates that could be used in the evaluation.






ACTION ITEMS:

· Henry to discuss species composition with Dick Christie and develop proposed species composition for the evaluation.

· Develop next Entrainment Evaluation Memo.
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These notes serve as a summary of the major points presented during the meeting and are not intended to be a transcript or analysis of the meeting.

Henry opened the meeting with a brief reminder that the overall goal of the Entrainment Study is to provide the TWC with an “order of magnitude” potential impact of fish entrainment at the Parr and Fairfield Developments.  We have finalized the first building blocks for this estimate in Memos 1 & 2 and the purpose of this meeting is to review Memo 3 which contains 1) the final proposed species/family group composition estimates and 2) the final extrapolated estimate of fish entrained by development, season, and family group.


Henry opened the discussion by recapping the memo results and asking for questions.  He also noted that Byron had submitted questions prior to the call, because he could not attend.  His questions were:


1) Does the proposed seasonal entrained species composition for Fairfield under pump-back generation include data from Bad Creek?  I think we discussed developing two iterations of seasonal fish composition, with and without data from Bad Creek (see meeting notes for hold point 2).  Since data for Bad Creek are dominated by shad/herring, including these data could underestimate the percent contribution of non-shad species in the entrained composition. 


Henry stated that the final estimates for Fairfield did not include the Bad Creek data for species composition, but we did include the Bad Creek entrainment rate information in our analysis.  During our last TWC call, we did question the use of the Bad Creek species composition data because it was dominated by shad.  Use of the species data would skew the species composition to shad and overlook other species that are present in the two reservoirs.  This decision was also based on SCDNR fisheries sampling data from the two reservoirs.  

The SCDNR reports “Fisheries Investigations in Lake and Streams District IV July 1, 1989 to June 30, 1992” and “Fisheries Investigations in Lakes and Streams July 1, 1996 thru June 30, 1997” noted a couple of items.  There are discussions in both reports of threadfin shad (TFS) and gizzard shad (GZS) populations.  Also, that there is a higher composition of GZS over TFS in the dam/intake area.  TFS form a large part of the Age 0 prey base but GZS grow to larger sizes and make up more of the shad biomass of the reservoir.  Both reports provide a description of cove rotenone collections in Lake Monticello.  General observations are that the shad densities in the lake are lower than other nearby lakes due to lower nutrient levels. There is also a section of both reports that describe the use and success of fish attractors on Lake Monticello.  Henry will send the SCDNR reports to the TWC members in a separate email (completed 01-14-2015).  The TWC is encouraged to review the cove rotenone information to better understand this issue.

2) What is the basis for using operation record data from 2000-2010?  What is the likelihood that generation, project flows, and therefore fish entrainment might significantly increase from this period of record over the term of the new license?   


We used 2000-2010 because it was readily available for other analysis (power production, flow record, etc.) that Kleinschmidt is performing for SCE&G.  The Group discussed looking closer at this data to see if it is representative of the flow years experienced at the project.  Kleinschmidt will look at the distribution of Drought, Normal, and High flow years within the 2000-2010 dataset and compare it with the flow record at the project.  Kleinschmidt performed an analysis of the flow record with a discussion of how use of the 10-year record may influence our current entrainment estimates.  This analysis is attached in a section at the end of these notes.

In general, the type of flow year will influence the two developments in the following ways.  


The higher the river flow – the more water that will pass through Parr (up to its hydraulic capacity of 6,000 cfs – then spill occurs) and the higher potential entrainment would be.  Higher water years don’t impact Fairfield as much but 1) they can reduce operations, due to cooler air temps (reduced demand) associated with rainy periods and 2) operations could be reduced because Fairfield operations cannot contribute to downstream flooding.  


In a lower flow year, the opposite happens.  Less water means Parr operates less = less entrainment.  Fairfield may operate more frequently:  1) to meet energy demands with warmer weather (higher energy demand) and 2) the downstream flooding restriction associated with operations wouldn’t typically apply during those years.


Bill Marshall noted that he had talked with Byron and an additional question was – will the operation of Fairfield change with the new VC Summer stations being added – will there be less power demand on Fairfield.


Bill A. explained that the addition of the VC Summer plants will likely increase the use of Fairfield for helping to stabilize the grid during non-peak periods.  Nuclear facilities don’t typically ramp up and down but produce a stable level of power.  During periods when there is “extra” power, SCE&G can use the power to run the pump back operations at Fairfield to keep the nuclear plant from having to alter their operations.  


The Group also discussed the question at the end of Memo 3 where Henry stated that the entrainment estimates for Fairfield were likely an overestimate due to lower shad populations in Monticello.  There was some discussion with the final point being that estimates should not be adjusted because there is not an accurate way of making this adjustment and shad are susceptible to entrainment.  The TWC decided to analyze fish entrainment with a desktop study rather than a field study, so we have the best estimates we can make based on similar projects.  Henry stated that when we pull the final report together that we would likely state that the estimates are most likely high and then the TWC can comment on that for the record.


Dick Christie reminded the Group that the fish entrainment study can point us in the right direction for developing protection measures (seasonal or location) that can help to reduce entrainment.  These can include sound deterrents, reduced lighting in the intake area, increased lighting in areas away from the intakes, or possibly other alternatives.


Next Memo


Henry stated that the next memo will include the proposed turbine mortality rates by family group that we will apply to the entrainment estimates.  This extrapolation will identify the potential mortality impact of the two developments on the fishery.
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ACTION ITEMS:


· Henry will send the TWC the pdf. copies of the SCDNR fishery survey reports for the two developments.  ** This was completed on 1-14-2015.

· TWC members will review the cove rotenone data in the SCDNR reports on Monticello Reservoir.  This will help us understand if the entrainment estimates are an overestimate or not. 

· Kleinschmidt will analyze the flow years 2000-2010 and compare to flow record to make sure we are using representative flow years in our estimates.  ** ATTACHED at the end of these Meeting Notes.

· Kleinschmidt will develop the turbine mortality rates for the next Entrainment Evaluation Memo.


Evaluation of Flows from 2000–2010 for their use in the Desktop Fish Entrainment Analysis




Prepared by: Brett Hoffman – Kleinschmidt – 01/15/2015




Introduction


At the request of the members of the Fisheries TWC, a comparison of the period or record used in the entrainment analysis (2000 – 2010, calendar years) with the entire period of annual average flow data available from the USGS Alston Gage (1981 – 2013) was made to determine whether representative flow years are being used in the entrainment analysis.  The selected dataset is known to have periods of extreme drought, therefore annual flow averages were checked to determine if some normal and wet years were also included.


Evaluation


Considering the statistical ranking of the annual average flows, the period 2000 – 2010 includes the two years with the lowest average flow (2001 and 2008), as well as the highest average flow year (2003).  The remaining years are at the 50 percent ranking or below, with 6 years in the lowest quartile.  While the bulk of the years are below the median, four are within the central third of the rank.


		Point

		Flow cfs

		Rank

		Percent

		Calendar Yr



		23

		8,791

		1

		100.00%

		2003



		15

		8,187

		2

		96.80%

		1995



		4

		7,743

		3

		93.70%

		1984



		13

		7,558

		4

		90.60%

		1993



		18

		7,482

		5

		87.50%

		1998



		3

		7,399

		6

		84.30%

		1983



		10

		7,203

		7

		81.20%

		1990



		16

		6,917

		8

		78.10%

		1996



		12

		6,821

		9

		75.00%

		1992



		11

		6,530

		10

		71.80%

		1991



		33

		6,382

		11

		68.70%

		2013



		14

		6,091

		12

		65.60%

		1994



		2

		6,076

		13

		62.50%

		1982



		17

		5,949

		14

		59.30%

		1997



		7

		5,795

		15

		56.20%

		1987



		9

		5,536

		16

		53.10%

		1989



		25

		5,490

		17

		50.00%

		2005



		5

		5,295

		18

		46.80%

		1985



		24

		5,146

		19

		43.70%

		2004



		29

		4,718

		20

		40.60%

		2009



		30

		4,538

		21

		37.50%

		2010



		6

		4,002

		22

		34.30%

		1986



		19

		3,350

		23

		31.20%

		1999



		1

		3,313

		24

		28.10%

		1981



		26

		3,186

		25

		25.00%

		2006



		22

		3,164

		26

		21.80%

		2002



		20

		3,015

		27

		18.70%

		2000



		27

		2,922

		28

		15.60%

		2007



		8

		2,897

		29

		12.50%

		1988



		32

		2,499

		30

		9.30%

		2012



		31

		2,483

		31

		6.20%

		2011



		21

		2,418

		32

		3.10%

		2001



		28

		2,115

		33

		0.00%

		2008





Because the flows through Fairfield are truncated during high inflows to prevent downstream flooding, high inflow events occurring several times in one year would reduce the pumped storage operations.  Intuitively, this would result in high inflow years having lower pumped storage operations.  Similarly, low inflow years with fewer high flow events would suggest higher pumped storage average flows.


While some consideration for these inflow effects is warranted, pumped storage flows are far more attributable to the load demand on the pumped storage.  If low inflow years are associated with very hot temperatures, the pumped storage operations would be significantly higher.  Associating high inflow years with cooler temperatures would have the opposite effect.  Future load demands may increase the flows on average, but the selected dataset appears to have representative years of low inflow coupled with excessive load demand (based on reservoir fluctuation records, daily maximum and minimum elevation lines in blue).
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Flows for entrainment through the Parr powerhouse are limited to the station hydraulic capacity, 6,000 cfs.  To account for this, daily average flows for the entire period of record were capped at 6,000 cfs for comparison of the datasets.  Statistically, the entire period of record has 12,053 days of flow data, of which 2,702 are above the station capacity (approximately 22.4 percent).  For the dataset used in the entrainment evaluation, there were a total of 4,018 days of flow data, of which 591 are above station capacity (or 14.7 percent).  The total long term daily average flows within the powerhouse hydraulic capacity have an average of 3,596 cfs; the truncated period average flow is 3,040 cfs (approximately 15 percent lower).


A generalized approach in considering the long-term average impact of higher flows through the Parr powerhouse could be done simply by increasing the entrainment values by 15%.  Increasing the flows on a monthly (or seasonally) basis may be of value, as the winter and early spring averages are closer to the long-term average then the summer averages.

		Table 2. Parr Shoals Development Monthly Average Flows



		

		Total Flows at Alston USGS Gage

		Parr Powerhouse Flow

		Powerhouse Monthly MCF

		

		Total Flows at Alston USGS Gage

		Parr Powerhouse Flow

		Powerhouse Monthly MCF

		

		Percent below long-term avg



		

		1981 - 2013

		

		2000 - 2010 flows

		

		



		January

		7,252

		4,477

		11,991

		

		5,055

		3,806

		10,195

		

		15.0%



		February

		7,877

		4,693

		11,353

		

		5,397

		4,073

		9,854

		

		13.2%



		March

		9,023

		5,003

		13,400

		

		7,643

		4,627

		12,393

		

		7.5%



		April

		6,606

		4,612

		11,954

		

		5,624

		4,087

		10,594

		

		11.4%



		May

		5,033

		3,848

		10,307

		

		3,875

		2,990

		8,008

		

		22.3%



		June

		3,791

		3,298

		8,549

		

		3,352

		2,687

		6,964

		

		18.5%



		July

		3,198

		2,686

		7,194

		

		2,673

		2,158

		5,780

		

		19.7%



		August

		3,475

		2,586

		6,925

		

		2,392

		1,938

		5,191

		

		25.0%



		September

		2,760

		2,369

		6,142

		

		2,993

		2,072

		5,370

		

		12.6%



		October

		3,502

		2,509

		6,720

		

		2,220

		1,960

		5,250

		

		21.9%



		November

		3,989

		3,037

		7,871

		

		3,179

		2,576

		6,677

		

		15.2%



		December

		5,828

		4,094

		10,966

		

		5,295

		3,570

		9,562

		

		12.8%





Summary


Based on the data evaluated, the period used in the dataset does represent lower-than-average flows in general.  While this does indicate flows through the Parr powerhouse are likely higher on a long-term basis, it does not signify lower flows through the pumped storage development.  Parr flows appear to be about 15% lower, but the pumped storage operation is probably representative of future conditions.
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These notes serve as a summary of the major points presented during the meeting and are not intended to be a transcript or analysis of the meeting.

Henry opened the meeting and noted that the group had two major actions.  The first is to review the status of old action items from our last meeting.  The second is to discuss the Hold Point 4 Memo (January 30, 2015) which presents average fish turbine mortality/survival rates developed from the turbine mortality database presented in Memo 1, and review the Hold Point 4 Addendum (February 9, 2015) which responds to the USFWS comments on the Hold Point 4 Memo.  

Old Action Items


Project flow analysis - At the request of the members of the Fisheries TWC, we performed a comparison of the period of record used in the entrainment analysis (2000 – 2010) with the period of record available for the USGS Alston Gage (1981 – 2013) to determine whether representative flow years are being used in the entrainment analysis.  The analysis was provided in the last set of Fisheries TWC notes.  


The selected dataset includes years of high, average, and low flows. Overall the dataset appears to be about 15% lower for Parr Shoals operations, but is representative of pumpback operations.

SCDNR annual fishery reports – Henry noted that Kelly Miller has distributed PDF copies of SCDNR annual reports to TWC members via email on.  Attendees noted that these were received.

Cove rotenone review – Henry provided his observations on the cove rotenone data for Monticello in the last Fisheries TWC meeting notes.  The analysis was intended to provide information on whether the Fairfield entrainment estimate is an overestimate or not. 

Henry asked for comments or questions on these three items.  Attendees had no additional comments and the group agreed that the information was sufficient for moving forward to the next phase of the study.  


Hold Point 4 Memo

Henry noted that the Hold Point 4 Memo (January 30, 2015) presented proposed fish survival rates for turbine passage by species and family group.  Hal asked which projects in the turbine mortality database were most similar to Parr Shoals.  Henry noted that the Stevens Creek turbines were of similar vintage and design and were most similar from a project design standpoint.  From a turbine survival data quality standpoint, Henry noted that he was most confident in the Columbia Hydro data since he was on-site for the testing process.  Ron expressed concern that the source studies selected for turbine mortality data for Parr Shoals might not be transferrable to Fairfield due to the unique characteristic of the pumped storage operation.  Henry agreed and reminded that we have separate turbine mortality estimates for the Parr Shoals and Fairfield developments based on different projects in the database.

The group discussed the Hold Point 4 Addendum.  Henry noted that Byron Hamstead (USFWS) had provided comments on Hold Point Memo 4 via email on February 3, 2015, and that the Addendum was developed to address his comments. The USFWS Question 1 was simply a request for clarification regarding the calculation of survival rates, which is provided in the addendum.  The group then discussed the addendum in the context of the remaining 2 questions from USFWS.

USFWS Question 2 addressed modifying the study data based on adjusting the number of tested and recovered test fish.  Henry noted that we recalculated the survival rates based on the USFWS recommendation to use the total number of fish tested and assume that ½ of them died.  He noted that this information was presented in several Tables in the Addendum.  Several attendees expressed concern that arbitrarily modifying turbine survival rates across all projects could likely introduce error into our “order-of-magnitude” estimates and assuming that 50% of the unrecovered fish had died or survived was simply “pulling a number out of the air,”.  The group generally agreed that we should use the original data reported from the turbine mortality/survival studies and that we should follow up with Byron to make sure we properly understand the USFWS concerns and recommendation.   


USFWS Question 3 addressed the use of including 24-hr and 48-hr latent mortality information where it is available.  Henry noted that 24 & 48 hour latent mortality rates had been compiled from the source studies and were presented in the Addendum.  The group had a general discussion of the how some studies were done better than others and how these could be magnified in latent mortality estimates.  After discussion, the group agreed that the final entrainment report should present fish mortality estimates for Immediate, 24-hr, and 48-hr fish mortality.

In closing, Henry noted that the next step would be to apply the turbine mortality to the family level entrainment estimates summarized in previous hold point memoranda and to compile the result of the overall process into a draft report for TWC review.  

ACTION ITEMS:


· Henry, Dick, and Bill A will conference call with Byron to discuss the USFWS Recommendations further.


· Kleinschmidt will prepare a draft entrainment report for TWC review.  
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From: Henry Mealing
To: Alison Jakupca; Kelly Miller; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Jay Maher;
Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer;
STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: RE: Parr Lake Level Fluctuation Transect Selection
Date: Sunday, March 22, 2015 10:56:15 PM
Attachments: image001.png

Good Morning,

Just wanted to provide an update on our Field Trip to Parr Reservoir this week on March 25th.
We are changing our meeting location to the Highway 215 Boat Ramp on Monticello
Reservoir. We will meet at 8:30 AM.

Latitude 34.32708, Longitude -81.28519 

View Larger Map
Again, please plan for a full day on the water so please pack a lunch. Bring boots - hipwaders
or tennis shoes for wet wading. The boat ramps will likely be pretty muddy
Our current list of attendees is:
Bill Argentieri
Tommy Boozer
Dick Christie
Gerrit Jobsis
Bill Marshall
Byron Hamstead
Ron Ahle
Brandon Stutts
Steve Summer
Randy Mahan
Shane Boring
Henry Mealing
Thanks, and please contact me by email or phone to let me know if you need additional
information or that you cannot make the trip.
Henry
Henry Mealing
Kleinschmidt Associates
Fisheries Biologist / Project Manager
Cell: 706-339-3209
From: Alison Jakupca 
Sent: Wednesday, February 25, 2015 11:21 AM
To: Alison Jakupca; Kelly Miller; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
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(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing;
Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: Parr Lake Level Fluctuation Transect Selection
Good Morning All,
Thank you to those of you who responded to the Doodle Poll for the Parr Lake Level Fluctuation
Transect Selection. We are currently planning the Parr transect selection reconnaissance for
Wednesday, March 25th. We will be leaving from Cannon's Creek boat landing at 8:00 a.m. Due to
limited boat space, it is important that you confirm that you will be attending. The following
people responded to the doodle poll and I am assuming that they will be in attendance (if you are on
the list below, and will not be able to make it, please let me know):
Henry Mealing
Greg Mixon
Bill Argentieri
Dick Christie
Gerrit Jobsis
Bill Marshall
Byron Hamstead
Ron Ahle
Shane Boring
Please confirm if you are attending by March 11th so that we may plan. If you are attending,
please bring appropriate clothing and a bag lunch (lunch will not be provided). In the event of heavy
rain, we will shift the date and let those who have confirmed know of the new date a.s.a.p. A trip
reminder will be sent to those that have confirmed a couple of days before March 25th.
Thanks and let us know if you have any questions. Alison

From: Alison Jakupca 
Sent: Monday, February 09, 2015 11:02 AM
To: Kelly Miller; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing;
Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: Parr Lake Level Fluctuation Transect Selection

Please see the following note from Henry and respond to the Doodle Poll referred to therein
at this link: http://doodle.com/c9gfvdsvmsnnstth
Fisheries TWC Member,
The Lake Level Fluctuation study plan identified several areas of Parr and Fairfield reservoirs
that we will evaluate during the 2015 study. Please refer to the study plan for the areas of the
reservoir that we plan to evaluate.
In preparation for data collections later this year, we are scheduling a trip to finalize our
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selection of transect areas for sampling. We are planning this trip for either March 25 or 27,
2015. We will communicate the exact field trip date either the week before or at least by
Monday of that week based on weather conditions and the scheduled maintenance activities.
During this period, SCE&G will have contractors working on the Parr Shoals Dam spillway
gates, and the lake will be lowered to the lower end of its normal operating range (up to 9
feet). We plan to view the sampling areas from jon boats and have identified several at this
time – but space may become limited based upon the number of TWC members attending.
We will be taking pictures of the areas during the selection process, and will have those
available for TWC review at subsequent meetings and in the study report.
The survey will likely last most of the work day, and we plan to launch at 8:30 from Cannon’s
Creek Landing. If you choose to attend, please pack a lunch and bring some rain gear or warm
clothes in case we have inclement weather. Please let us know if you can attend on one or
both of these dates via the attached Doodle Poll link (link above). You can also let us know if
you have a jon boat that you can or would like to bring for the trip.
Thanks for your continued participation in the Parr Relicense.
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC 29072
706-339-3209
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: Bret Hoffman
To: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); Bret Hoffman; Bruce Halverson; Dick Christie (dchristie@comporium.net);
Frank_Henning@nps.gov; Gerritt Jobsis (gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry
Mealing; J. Hagood Hamilton Jr. (jhamilton@scana.com); Jay Maher; Joe Wojcicki; Kelly Miller; Malcolm Leaphart
(mwleapjr@att.net); Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Scott Harder; Steve Summer; Tom McCoy
(thomas_mccoy@fws.gov); Wayne and Ginny Boland (wayneboland@bellsouth.net)

Subject: Operations RCG - metrics and variables request
Date: Wednesday, April 15, 2015 12:31:00 PM

Good afternoon Operations RCG members,
In preparation for the May 5th Operations RCG Meeting, we would like to remind everyone that a
couple of requests are outstanding from the September 2014 meeting notes.  These include
developing a list of variables to be evaluated in the model scenarios; potential example scenarios of
interest; and comparative metrics of interest to RCG members – so the results of multiple scenarios
can be presented in a manner that will be useful to the RCG.
 
For each variable, please consider that we will need the variable’s stage or flow value, and also the
location of the requested variable, and the time/duration (during certain months of the year, and for
how many hours each day). We understand that actual scenario requests – which include the
location and time/duration details – require the completion of ongoing studies.  For example,
releases from the Parr dam – Spring Spawning flow (Feb-April) ### cfs – Transition flow (May – June)
of ## cfs – Summer Winter (July-January) flow of ### cfs, and adding specifics like – “using a
continuous flow instead of a daily average flow downstream”.
 
Comparative metrics could be provided in the form of frequency of violating a request (how often
can the flow request be met – 75% - 80% - 90%), and magnitude of violations.  We welcome RCG
members to submit other ideas for discussion during our meeting.
 
Our goal is to have the model prepared to run different scenarios after studies are completed, and
generate valuable comparisons between the scenarios.  If you can submit variables and metrics that
would be of interest to you, it would be beneficial for that effort.
 
Thanks,
Bret
 
 
Bret R. Hoffman, P.E.
Senior Engineer

Office: 803.462.5623
www.KleinschmidtGroup.com
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From: Henry Mealing
To: BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org);

Brandon Kulik; BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Frank_Henning@nps.gov; Fritz Rohde
(Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Jay
Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Kerry Castle
(castlek@dnr.sc.gov); Ley, Amanda; Pace Wilber (Pace.Wilber@noaa.gov); QUATTLEBAUM, MILTON;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Harder; Shane Boring; Steve Summer; Tom McCoy (thomas_mccoy@fws.gov);
STUTTS, BRANDON G; "GASTON, CALEB"

Cc: Kelly Miller
Subject: Parr Relicense - IFIM 2,000 cfs Collections
Date: Thursday, June 04, 2015 10:35:59 AM
Attachments: image001.png

Parr Relicense IFIM TWC member,
 
Kleinschmidt is planning to collect the “2,000 cfs” data at the PHABSIM sites in support of the Parr
IFIM on Mon – Wed of next week (June 8, 9 & 10).
 
If you would like to attend on one or all of the days of collection.  Please let me (Henry  Mealing) or
Shane Boring know this week.
 
For the first day of sampling – Monday, June 8 – the team will meet at 7:00 am at the Alston USGS
gage. 
The Palmetto Trail crosses the river there, so there is ample parking. 
 
Collections on Day 1 will include Sites 3 & 5 in the Parr Dam tailrace. 
Because we will be working in and out of the VC Summer Nuclear Facility, you will need to either
have an SCE&G Badge or we will need to line up a temporary pass for you. 
 
If you plan to come, please bring the following and be prepared to wade:

·       Life jacket
·       Kayak
·       Lunch
·       Rain gear

 
We will determine meeting location for Tuesday based on what we get done Monday, so we need
for you to contact us and specifically let us know if you would like to attend on one of the 3 days of
sampling.
 
Thanks for your support,
 
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
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Lexington, SC  29072
706-339-3209
www.KleinschmidtGroup.com
 
 

http://www.kleinschmidtusa.com/


From: Shane Boring
To: Shane Boring; Henry Mealing; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Byron Hamstead
(Byron_hamstead@fws.gov); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg
Mixon (mixong@dnr.sc.gov); Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece
(Karla.Reece@noaa.gov); Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Pace Wilber
(Pace.Wilber@noaa.gov); QUATTLEBAUM, MILTON; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Harder; Steve
Summer; Tom McCoy (thomas_mccoy@fws.gov); STUTTS, BRANDON G; "GASTON, CALEB"

Cc: Kelly Miller
Subject: RE: Parr Relicense - IFIM 400 cfs Collections
Date: Tuesday, July 14, 2015 4:16:59 PM

Dear Instream Flow TWC:
 
This is just a reminder that we plan to collect the 400 cfs depth, velocity and substrate data in
support of the Parr-Fairfield instream flow study on July 21-23 (Tuesday through Thursday of next
week).  If you have an interest in participating in the field effort, please let me know by the end of
this week so that I can be certain to include you distribution for the field itinerary.  Thanks for your
continued interest in the project.
 
 
C. Shane Boring
Environmental Scientist

Office: 803.462.5625
www.KleinschmidtGroup.com

 
 
 

From: Shane Boring 
Sent: Monday, June 15, 2015 4:31 PM
To: Henry Mealing; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Byron Hamstead
(Byron_hamstead@fws.gov); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Kerry Castle (castlek@dnr.sc.gov); Ley,
Amanda; Pace Wilber (Pace.Wilber@noaa.gov); QUATTLEBAUM, MILTON; rammarell@scana.com; Randy
Mahan (randolph.mahan@scana.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Harder;
Steve Summer; Tom McCoy (thomas_mccoy@fws.gov); STUTTS, BRANDON G; 'GASTON, CALEB'
Cc: Kelly Miller
Subject: Parr Relicense - IFIM 400 cfs Collections
 
Parr Relicense IFIM TWC member,
 
Kleinschmidt has tentatively planned to collect the “400 cfs” data at the PHABSIM sites in support of

the Parr IFIM on Tuesday July 21st through Thursday July 23rd.  Please note these dates are tentative
at this time and are subjective to availability of flows from SCE&G and other logistics.   I just wanted
to get these on folks calendar with plenty of lead time.    
 
If you would like to attend one or all of the days of collection, please let me or Henry Mealing know
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by Tuesday July 20th .  We will provide additional information confirming the dates and providing
details regarding meeting locations, equipment needs, etc. in the near future. 
 
Thanks for your support,
 
C. Shane Boring
Environmental Scientist

Office: 803.462.5625
www.KleinschmidtGroup.com
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From: Kelly Miller
To: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon
(mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece (Karla.Reece@noaa.gov); Kelly Miller; Lorianne Riggin
(RigginL@dnr.sc.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane
Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: Final Parr/Fairfield Entrainment Report
Date: Monday, September 14, 2015 4:00:38 PM
Attachments: image001.png

2015-09-11 Parr Fairfield Entrainment Memo 5 - Comments on the Draft Rep....pdf
2015-09-14 Final Parr Fairfield Entrainment Report.pdf

All,
On April 21, 2015 we sent out the draft Parr/Fairfield Entrainment Report for review and comment.
We received comments from SCDNR and addressed those comments in the attached Memo #5. The
Final Entrainment Report, which required a minor edit per SCDNR comments, is also attached for
your record.
At this point, we consider the report to be final and the results should be used in developing PM&E
measures for the Final License Application and Settlement Agreement.
Thanks,
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC 29072
706-339-3209
www.KleinschmidtGroup.com
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MEMORANDUM 
 


TO: Parr Hydro Relicense - Fisheries Technical Working Committee 
FROM: Henry Mealing 
DATE: September 11, 2015 


RE: Fish Entrainment and Turbine Mortality Desktop Study 
 Technical Memo #5 - Response to Comments on the Draft Report 


 
 
The Draft Parr-Fairfield Fish Entrainment and Turbine Mortality Study Report (Report) was 
distributed to the Fisheries Technical Working Committee (TWC) for review on April 21, 2015. 
To date, we have received only two comments (both from the SCDNR). We have provided a 
response to both of those comments in this Technical Memo #5. We propose to include this 
response in an Appendix of the Final Report. The results of this study will be used in describing 
the potential order-of-magnitude impact of turbine entrainment and mortality on fish in the Parr 
Project in the license application. This report is also available for use during Settlement 
Agreement discussions and during development of recommendations from the Fisheries TWC to 
address the potential impacts of fish entrainment and turbine mortality at the Parr Project. 
 
SCDNR Comment 1 – [We] have reviewed the draft entrainment report for Parr Hydro Project 
and have some issues with it. [Our] primary concern is the lack of information on entrainment 
mortality with an emphasis on clupeid survival. These fragile fish are very different from other 
fish in their tolerance ranges and generally have high mortality at pumpback operations for 
reasons other than turbine strikes. The draft report appears to address entrainment mortality in 
terms of turbine strikes as provided in Table 3-13. This is good information, but this report needs 
to address the total entrainment mortality to provide a better understanding of the operational 
impacts. Studies done at Richard B Russell, a pumpback project with similar turbines and similar 
capacity, addressed total entrainment mortality.  In the attached RBR document on page 376 it is 
stated that 
 


“Mortality rates ranged from 65.0 to 100.0 percent for clupeids (blueback herring, 
threadfin shad, and gizzard shad), 29.5 to 85.0 percent for sunfish and crappie, 0.0 to 28.5 
percent for catfish, 17.8 to 72.1 percent for yellow perch, and 45.3 to 81.8 percent for 
Morone sp. (striped bass, hybrid bass, and white perch). A significant positive 
relationship between water temperature and mortality was found for clupeids, catfish, and 
Morone sp. (as water temperature increases mortality increases).” 
 


Summary tables for immediate, 24 hr, and 48 hr mortality are also provided in the same 
document in the section entitled “Pumpback Fish Mortality Studies” from page 376-395. This 
type of information is needed in the entrainment report for Parr Hydro Project. [We] believe this 
type of project information (from RBR) is more relevant to the Fairfield pump storage 
development than the turbine studies cited in the EPRI documents. Frankly, the mortality 
estimates from RBR may be more relevant than the number of fish entrained. In recent TWC 
meetings, questions were raised about the numbers of clupeids entrained at RBR verses Fairfield 
mainly based on fish present. This may be a legitimate issue, but it does not change the mortality 
rate which should be based on the percentage of fish that actually die as a result of entrainment. 
SCE&G Response 1 ‒ We reviewed the RBR Pump-back report referenced by the SCDNR 
initially as part of this study and did include the study results for developing an entrainment 
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estimate for the Fairfield Project. We noted in our TWC discussions that the entrainment data 
from RBR would likely yield an overestimate of entrainment for Clupeids at the Fairfield 
Project. However, entrainment data for pump-back operations is limited, and this was the best 
available data we could find for our Fairfield entrainment estimates. 
 
However, we did not include the turbine mortality rates from the RBR study based on the 
knowledge that all of the RBR mortality rates are skewed towards an overestimate. We have 
included multiple references from the RBR study report that noted the shortcomings of the 
mortality studies that were performed at the project. We have listed those below: 
 
Summary ‒ Page 376 first paragraph states: 
 


“Reliable estimates of mortality for many of the inducted fish experiments could 
not be used due to high mortality among control fish, due mainly to the poor 
condition of fish received from the hatchery. Most mortality estimates in Phase III 
were obtained from entrained fish.” 


 
Page 376 ‒ second paragraph: 
 


“A majority of entrained sunfish and crappie were descaled on one side of their 
body. Heavy scale loss was also found with control bluegill sunfish inducted 
directly into the net without going through the turbines, also suggesting a net 
affect.” 


 
Introduction ‒ Page 377: 
 


“Multiple controls were performed by inducting fish into the penstocks (all effects 
of induction system but without turbine passage) or holding marked fish without 
induction to determine the effects of marking and handling. For fragile species 
such as threadfin shad and blueback herring, entrained fish were recovered at the 
recovery barge to determine immediate and delayed (recovered fish were held in 
tanks for 48 hours) mortality. Control tests could not be performed for fragile fish 
species because control mortality was 100 percent. Therefore, estimates of turbine 
passage mortality are conservative because they have not been adjusted for 
handling mortality.” [emphasis added] 


 
Discussion ‒ Page 380 – first paragraph: 
 


“These results provide a conservative (over) estimate of mortality due because all 
sources of stress and damage caused by the net, handling, and transport could not 
be eliminated. To provide a turbine related mortality estimate, it is necessary to 
reduce stress incurred due to the experimental protocol. This usually means 
reducing control mortality below 10 percent (Ruggles 1991). Except for catfish, 
we did not meet this criterion. The inability to reduce excess control mortality was 
the primary reason for use of entrained fish for passage mortality estimation.” 
[emphasis added] 
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During the RBR study, the researchers observed extremely high mortality rates for fish that were 
used as controls; therefore, they were forced to use fish from the entrainment net sample to 
determine turbine mortality. This method did not allow them to discriminate between actual fish 
mortality due to passage through the penstock, units, and draft tube and the mortality associated 
with net stress and handling after fish were collected from the entrainment net, which could be 
significant. The studies that we used for developing turbine mortality rates for Fairfield were 
based on studies that met the accepted criterion for testing with control fish and are the best data 
available data for estimating turbine mortality rates at Fairfield. Use of the RBR data would skew 
turbine mortalities by 2 to 3 times those that SCE&G has proposed as reasonable turbine 
mortality estimates, therefore we decline to include the RBR study in our analysis for the 
Fairfield turbine mortality estimates. 
 
SCDNR Comment 2 ‒ Another thing [we] do not understand about the report is how (as 
indicated in Table 3-13) the Clupeidae family has a lower mortality rate than their surrogate 
Cyprinidae. Maybe this is a typo. 
 
SCE&G Response 2 – This is a typo. Both the Clupeidae and Cyprinidae mortality estimates are 
based on turbine mortality test data at multiple projects. We will correct this in the Final Report. 
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PARR HYDROELECTRIC PROJECT 
FERC NO. 1894 


 
DESKTOP FISH ENTRAINMENT STUDY RESULTS 


 


1.0 INTRODUCTION  


South Carolina Electric & Gas Company (SCE&G) is the Licensee of the Parr Hydroelectric 


Project (FERC No. 1894) (Project). The Project consists of the Parr Shoals Development and the 


Fairfield Pumped Storage Development. Both Developments are located along the Broad River 


in Fairfield and Newberry Counties, South Carolina. 


The Project is currently involved in a relicensing process which involves a variety of 


stakeholders including state and federal resource agencies, state and local government, non-


governmental organizations (NGO), and interested individuals. SCE&G established several 


Technical Working Committees (TWC's) comprised of interested stakeholders with the objective 


of identifying and addressing environmental issues associated with the Project. 


The Fisheries TWC recommended that a desktop fish entrainment and turbine mortality study be 


conducted as part of relicensing to determine the potential impacts of operating the two 


Developments on the fisheries communities in Parr and Monticello reservoirs. The Fisheries 


TWC developed a study plan to address this issue, which was filed with the Federal Energy 


Regulatory Commission (FERC) in the Preliminary Application Document (Parr Project Desktop 


Fish Entrainment Study Plan − Kleinschmidt 2014 – Appendix A). This report provides a 


summary of the study results. As part of that plan, SCE&G prepared four progress Memos 


(Appendix B) that were reviewed and discussed with the Fisheries TWC. The notes from those 


progress meetings are presented in Appendix C. 


1.1 PROJECT DESCRIPTION 


The Parr Shoals Dam forms the 13 mile long Parr Reservoir along the Broad River. The Parr 


Development has 6 vertical-shaft Francis turbines, each rated at 3,600 horsepower (hp) under a 


net head of 35 feet and a combined licensed capacity of 14.9 MW. The maximum hydraulic 


capacity of each turbine is approximately 1,000 cubic feet per second (cfs), and the minimum 
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unit turndown has an estimated flow of 150 cfs. Parr Development typically operates in a 


modified run-of-river mode and normally operates continuously to pass Broad River flows. 


The Fairfield Development is located directly off of the Broad River and uses the 6,800 acre 


Monticello Reservoir as its upper pool and Parr Reservoir as the lower pool for pumped storage 


operations. The Fairfield Development has eight vertical-shaft reversible Francis pump turbines. 


The turbines have a maximum combined licensed capacity of 511.2 MW. The maximum 


hydraulic capacity of each pump-turbine in generating mode is 6,300 cfs, and the minimum 


turndown flow is approximately 2,500 cfs. In pumping mode, the turbines each have an average 


rated hydraulic capacity of 5,225 cfs across the total dynamic head range of 158 to 173 feet. The 


Fairfield Development is primarily used for peaking operations, reserve generation, and power 


usage. 


2.0 METHODOLOGY 


Fish impingement and entrainment may occur when fish enter into the project intake area during 


periods of operation and become either impinged on the trashracks (dependent on bar rack 


spacing size and fish size) or become entrained through the turbines. As fish pass through a 


turbine they are subjected to pressure changes, shear stress, and mechanical injury. Each of these 


stresses will influence the number of fish killed by turbine passage. Fish entrainment in the 


southeast was historically evaluated through onsite testing with tailrace netting and/or 


hydroacoustics. The Fisheries TWC agreed that the impacts of the Parr and Fairfield 


Developments can be determined through an alternative desktop entrainment analysis.  In this 


analysis, we used the results of prior entrainment and turbine mortality field studies to 


approximate the potential number of fish entrained and the percentage of those fish that are 


killed by the project turbines. 


The primary inputs for this desktop analysis were developed through a series of evaluations that 


were reviewed by the Fisheries TWC through four Memos (Appendix B). The Memo results 


covered the following steps: 
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1. Develop a fish entrainment and turbine mortality database that can be applied to the Parr 
Shoals and Fairfield Developments. 


2. Calculate and estimate fish entrainment rates, seasonally if possible, for each 
Development. Entrainment rates are defined as:  number of fish/volume of water 
entrained. 


3. Characterize the species composition of potential fish entrainment. 


4. Apply any physical or biological filters that may influence entrainment. 


5. Estimate impingement mortality for fish eliminated from entrainment estimates. 


6. Estimate the total annual entrainment for the Project based on an average of a range of 
hydrologic years including high, normal, and low years. 


7. Estimate potential turbine mortality for fish entrainment based on turbine mortality 
estimates from similar turbine studies. 


 
2.1 DEVELOPMENT OF AN 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 was gathered from available entrainment 


studies which include: 


• Location: geographic proximity to the Project (preference given to same river basin). 


• Project size: discharge capacity and power production. 


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


• Biological factors: similarity of fish species composition. 


• Impoundment characteristics: general water quality, impoundment size, flow regime. 


• Physical project characteristics: trash rack spacing, intake velocity, etc. 


This information was assembled into a “matrix” of data that was used as a database for the 


desktop study. After review of the “matrix”, specific studies that were most applicable to the 


Project Developments were selected for use in the entrainment analysis. Key criteria used in 


acceptance of candidate studies included: 


• Similar geographic location, with preference given to projects located in the same 
river basin. 


• Similar station hydraulic capacity. 


• Similar station operation (peaking, run-of-river, etc.). 
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• Biological similarities: fish species, assemblage and water quality. 


• Availability and type of entrainment data (netting vs. hydroacoustic). 


Based on these criteria, the list of entrainment studies accepted for transfer to the Project was 


winnowed to five sites for the Parr Development (Table 1) and three sites for the Fairfield 


Development (Table 2). The sites for Parr included the Holidays Bridge (FERC No. 2465), 


Saluda (FERC No. 2406), Neal Shoals (FERC No. 2315), Gaston Shoals (FERC No. 2332) and 


Ninety-Nine Islands (FERC No. 2331) projects. The Gaston Shoals, Ninety-nine Islands, and 


Neal Shoals projects are located on the Broad River (the same as the Project) and the Holliday’s 


Bridge and Saluda projects are located on the Saluda River (a basin adjacent to the Broad River).  


The sites for Fairfield Development included the Richard B. Russell (USACOE), Bad Creek 


(FERC No. 2503), and Jocassee (FERC No. 2503) projects. All three of these projects are 


located in the Savannah River drainage (same eco-region as the Project) (Memo 1 –  


Appendix B).  


2.2 FISH ENTRAINMENT RATES 


The entrainment rate information from the five source studies for the Parr Development and the 


three source studies for the Fairfield Development were consolidated to provide seasonal fish 


entrainment rate estimates for each Development (Memo 1 Appendix B). Entrainment rates were 


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


The data was grouped by season, where appropriate, to determine an entrainment estimate for 


each season of the year. The seasonal data from each entrainment study was then averaged to 


develop a seasonal mean entrainment rate estimate to use at the Parr and Fairfield Developments, 


respectively. 


2.3 SPECIES COMPOSITION ANALYSIS 


Species composition data from the source studies was analyzed to estimate species composition 


of fish potentially entrained at the Parr Development and the Fairfield Development (Memo 2 – 


Appendix B). Monthly species specific data was compiled for each of the source studies and 


combined to provide seasonal species composition. To account for species-level differences 


between source studies and fisheries data collected on Parr Reservoir, species composition was 


further analyzed to produce a family level composition of fish potentially entrained.  Due to their 
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species compositions being dominated by shad and not representative of the Fairfield 


Development, Bad Creek and Jocassee data were excluded from the species composition 


calculations and only the Russell project species composition data was used for the Fairfield 


estimates. Due to differences in body shape and associated turbine mortality, the Centrarchidae 


family was subdivided into Panfish and Black Bass for both Developments. 
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TABLE 2-1 COMPARISON OF SITE CHARACTERISTICS OF RECOMMENDED SOURCE STUDIES FOR ESTIMATING ENTRAINMENT AT THE PARR DEVELOPMENT (EPRI 1997) 


PROJECT LOCATION  TURBINE CONFIGURATION  OPERATION  IMPOUNDMENT/POWER CANAL DATA  BIOLOGICAL DATA AVAILABLE 


Name State River  Capacity Turbine Bar Rack Depth  Peaking or  Impoundment/ Surface  Volume Ave.  Baseline  Fishery Entertainment Sampling 
Mortality 


Study 


FERC NO.    (MW) Type Spacing of Intake  Run of River  Power Canal Acres (acre/ft.) Depth  Survey Type Netting Hydroacoustics  
        (CFS)   (in) (ft)                           


Parr Hydro 
Development 


No. 1894 
SC Broad   


14.88 
MW 


6,000 cfs 


Vertical 
Francis 2.25 


From 10 ft. above 
bottom up to 10 ft. 


below WSEL 
  Run of River   Impoundment 4,400 32,000 na   Yes Warm n/a n/a n/a 


Holidays 
Bridge 


No. 2465 
SC Saluda   3.5 MW 


1,850 cfs 


Horizontal 
Francis 
Vertical 
Francis 


2.0 
Bottom oriented 
18 ft. below the 
water surface 


  Modified 
Peaking   


Impoundment 
 


Power Canal 


466 
 


1.5 


6000 
 


na 


>6 ft. 
 


na 
  Yes Warm 


Full 
Recovery 
Netting on 


Unit 3 


Yes Yes 


Saluda Dam 
No. 2406 SC Saluda   2.4 MW 


1,280 cfs 
Horizontal 


Francis  
Bottom oriented 
14 ft. below the 
water surface 


  Modified 
Peaking   Impoundment 566 7228 6 ft.   Yes Warm 


Full 
Recovery 
Netting on 


Unit 1 


Yes No 


Neal Shoals 
No. 2315 SC Broad   4.42 MW 


4,000 cfs 
Horizontal 


Francis  
Intake pulls 
from entire 


water column 
  Run of River   Impoundment na na na   Yes Warm 


Full 
Recovery 
Netting on 


Unit 3 


Yes Yes 


Gaston 
Shoals 


No. 2332 
SC Broad   9.1 MW 


2,800 cfs 


Horizontal 
Francis 
Vertical 
Francis 


2.5 
Bottom oriented 
13.5 ft. below the 


water surface 
  Modified 


Peaking   Impoundment 300 2500 >30 ft.   Yes Warm 


Full 
Recovery 
Netting on 


Unit 6 


Yes No 


Ninety-nine 
Islands 


No. 2331 
SC Broad   18 MW 


3,992 cfs 
Horizontal 


Francis  
Bottom oriented 
11.5 ft. below the 


water surface 
  Modified 


Peaking   Impoundment 433 2300 >6 ft.   Yes Warm 


Full 
Recovery 
Netting on 


Unit 4 


Yes Yes 


 


TABLE 2-2 COMPARISON OF SITE CHARACTERISTICS OF FAIRFIELD DEVELOPMENT TO POTENTIAL ENTRAINMENT SOURCE STUDIES  


PROJECT LOCATION  TURBINE CONFIGURATION OPERATION IMPOUNDMENT/POWER CANAL DATA BASELINE 
SURVEY 


FISHER
Y TYPE 


ENTERTAINMENT 
SAMPLING 


MORTALITY 
STUDY 


Name State River  Capacity Turbine Bar Rack Depth Peaking or Impoundment/ Surface Volume Ave.   Netting Hydroacousti
cs  


    (MW) 
(CFS) Type Spacing 


(in) 
Generation 
Intake (ft) Run of River Power Canal Acres (acre/ft.) Depth 


(ft)      


Fairfield 
No. 1894 SC Broad  


511.20 MW 
50,400 cfs (gen.) 
41,800 (pump) 


Francis 6.0 


Surface to 
65 ft below 


normal 
maximum 


pool 


Peaking 
& Reserve Impoundment 6,800 400,000 59 Yes Warm n/a n/a n/a 


Richard B. 
Russell 


USACOE 
GA/SC Savannah  


648 MW 
60,000 cfs (gen) 
30,000 (pump) 


Francis 8.0 Mid-depth 
100 ft Peaking Impoundment 26,653 1,026,244 39 Yes Warm Full 


recovery Yes Yes 


Bad Creek 
No.2503 SC Bad Creek  


1,065 MW 
(gen)  


(pump) 
Francis 4.0  Peaking Impoundment 333 27,148  Yes Cool Full 


recovery Yes No 


Jocassee 
No. 2503 SC Keowee  


750 MW 
(gen) 


(pump) 
Francis  43-66 ft  Peaking Impoundment 7,980 1,391,670 158 Yes Cool No Yes No 
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2.4 TURBINE FLOWS 


Turbine flow through each Development was used to estimate the total number of fish potentially 


entrained at the Project. For this analysis, we used data from calendar years 2000 through 2010. 


We compared those years with the entire period of annual average flow data available from the 


USGS Alston Gage (1981 – 2013) and found that the selected dataset included two years with 


the lowest average flow (2001 and 2008), as well as the highest average flow year (2003). The 


remaining years included years both above and below the median flow. Overall, this selected 


dataset may be slightly on the low side of the overall flow median (Memo 3; Appendix B). 


Flows through the Parr Shoals powerhouse are limited to the station hydraulic capacity of 6,000 


cfs. To account for this in our analysis, daily average flows for the entire period of record were 


capped at 6,000 cfs for comparison with 2000 through 2010 dataset. For the dataset used in the 


entrainment evaluation (2000 – 2010), the flows during summer were about 15% lower than the 


long term average. The flows during the winter and early spring are closer to the long term 


average (Memo 3; Appendix B). 


Flows through Fairfield are truncated during high inflows to prevent downstream flooding, 


therefore high inflow events occurring several times in one year would reduce the pumped 


storage operations. This would result in high inflow years having lower pumped storage 


operations. Similarly, low inflow years with fewer high flow events would suggest higher 


pumped storage average flows. While some consideration for these inflow effects is warranted, 


pumped storage flows are far more attributable to the load demand on the pumped storage. If low 


inflow years are associated with very hot temperatures, the pumped storage operations could be 


significantly higher. Associating high inflow years with cooler temperatures would have the 


opposite effect. Future load demands at Fairfield may increase flows through the turbines on 


average, but the selected dataset (2000 – 2010) appears to have representative years of low 


inflow coupled with excessive load demand (Memo 3; Appendix B). 


2.5 APPLICATION OF PHYSICAL OR BIOLOGICAL FILTERS – TRASHRACK IMPINGEMENT 


Physical and biological filters refer to the physical layout of the project intakes or some 


biological reason that could influence entrainment. Examples of this are: trash rack spacing that  
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is so small that fish cannot enter the intakes; intake velocities that are so low that fish would not 


be entrained into the intakes; and/or lake stratification that would create a hostile environment 


for fish to be present in the intake areas. We did not identify any filter(s) that should be applied 


to the Parr or Fairfield Development entrainment estimates. 


The trashrack spacing on the Parr Development is 2.25 inches wide. Trashrack spacing at other 


reference projects is listed as 2.0 inches wide and those studies did not list impingement as a 


project impact. Therefore, we have assumed that impingement at the Parr Development is not 


likely a project issue. Spacing at the Fairfield Development is 6.0 inches wide. It is most likely 


that any fish that are entrained into the project intake area would move through the trashracks 


and into the turbine units. Therefore entrainment rather than impingement is likely the project 


impact. Trashrack impingement for either project was not considered to be an impact issue and 


was not evaluated further. 


2.6 TOTAL ANNUAL ENTRAINMENT ESTIMATE 


The proposed calculation of entrainment estimates for the Parr and Fairfield Developments is a 


four-step process, utilizing the inputs described in the previous sections. These steps are 


described below. 


Step #1 Estimate Total Number of Fish Entrained by Month 


Step #2 Estimate Total Number of Fish Entrained by Season 


Step #3 Estimate Total Number of Fish in each Family/Genus-group by Season 


Step #4 Apply Appropriate Entrainment Filters – Not applied on either Development 


The Estimated Number of Fish Entrained by Month (Step #1) is calculated by multiplying the 


seasonal entrainment rates derived from the study database by the mean monthly project flow 


(2000-2010) for each Development. Step # 2 is calculated by adding the three months of 


entrainment together for each season (Winter–Dec-Jan-Feb; Spring–Mar-Apr-May; Summer–


Jun-Jul-Aug; Fall–Sep-Oct-Nov). In Step #3, results from #2 are multiplied by seasonal species 


composition percentages derived for each Development from the study database. These results of 


these steps yield the estimated number of fish entrained by season and by species for each 


Development. 
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2.7 TURBINE MORTALITY 


Survival rates for fish passing through the turbines at the Parr and Fairfield Developments were 


determined based on data gathered from the EPRI (1992, 1997) turbine survival and entrainment 


database (Memo 1; Appendix B). Data from tests conducted at each of the source studies was 


combined into a list of species and their associated survival rates for each of the Developments 


separately. Data for species tested multiple times at a single project were combined to yield an 


average survival rate for the species. Species data from each source study was then combined by 


family and converted to represent turbine mortality. For the Parr turbine mortality estimates, 


there were no survival test data for the family Moronidae available in the database. Therefore, 


black bass data was used as a surrogate for Moronidae based on similar size and shape of the two 


groups (Memo 4; Appendix B). For the Fairfield turbine mortality estimates, there was no 


survival test data available for several species/family groups: Clupeidae, Fundulidae, Ictaluridae, 


Moronidae, and Lepisosteidae. Data from the Cyprinidae family was used as a surrogate for both 


Clupeidae and Fundulidae. An average of the black bass and Catastomidae groups were used as a 


surrogate for both Ictaluridae and Moronidae. Esocidae data was used as a surrogate for the 


Lepisoteidae family (Memo 4; Appendix B). Fish turbine mortality estimates were then 


calculated by applying the turbine mortality rates to the entrainment estimates for each 


Development. 


3.0 RESULTS 


The calculation of annual estimated fish entrainment impacts for the Parr and Fairfield 


Developments is based on methodology described in the Parr Project Desktop Fish Entrainment 


Study Plan (Kleinschmidt 2014 – Appendix A). 


3.1 FISH ENTRAINMENT RATES 


Table 3-1 and Table 3-2 depict entrainment rate information from the entrainment study 


databases for both the Parr and Fairfield Developments in fish/million cubic feet of water (mcf). 


  







 


SEPTEMBER 2015 - 10 -  


TABLE 3-1 PARR STUDY SEASONAL ENTRAINMENT RATES (FISH/MILLION CF) FROM 
ENTRAINMENT DATABASE STUDIES (MEMO 1 − APPENDIX B) 


STUDY SITE WINTER SPRING SUMMER FALL ANNUAL 
MEAN 


Holidays Bridge 2.1 7.3 7.1 2.4 4.7 


Saluda Dam 5.4 NA1 8.0 7.6 5.3 


Neal Shoals2 3.5 5.0 8.7 4.9 5.5 


Gaston Shoals 1.1 2.4 8.7 2.1 3.6 
Ninety-nine 
Islands 2.8 2.5 4.5 3.8 3.4 


Mean 2.97 3.41 7.40 4.17 4.5 
1 NA = data not available 
2 seasonal rate prorated – Kleinschmidt 1996 
 


TABLE 3-2 FAIRFIELD STUDY SEASONAL ENTRAINMENT RATES (FISH/MILLION CF) FROM 
ENTRAINMENT DATABASE STUDIES (MEMO 1 − APPENDIX B) 


STUDY SITE WINTER SPRING SUMMER FALL ANNUAL MEAN 


Conventional Generation    


Richard B. Russell 13.8 0.9 0.7 1.2 4.2 


Jocassee 4.7 4.0 2.7 3.9 3.8 


Mean 9.2 2.5 1.7 2.6  


Pump Back Operation    


Richard B. Russell NA 24.5 49.2 40.0 39.5 


Bad Creek  2.8 2.9 2.3 0.7 2.2 


Bad Creek 0.5 0.1 0.5 0.8 0.5 


Jocassee 6.4 3.7 13.8 13.9 9.5 


Mean 3.2 6.3 16.4 11.5  
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3.2 TURBINE FLOWS 


Turbine operations for year 2000 through 2010 were averaged monthly to yield a Mean Monthly 


Turbine Flow for the Parr and Fairfield Developments. The flow was converted to million cubic 


feet and is listed in Table 3-3. 


TABLE 3-3 PARR AND FAIRFIELD DEVELOPMENT MONTHLY MEAN FLOWS − 2000 TO 2010 
IN MILLION CUBIC FEET 


MONTH 
PARR DEVELOPMENT 


TOTAL MONTHLY 
TURBINE FLOW (MCF) 


FAIRFIELD DEVELOPMENT 
TOTAL MONTHLY TURBINE 


FLOW (MCF) 
January 9,786 14,203 


February 9,528 11,969 


March 12,131 14,483 


April 10,481 18,237 


May 8,416 23,287 


June 6,932 26,274 


July 6,163 28,142 


August 5,645 29,049 


September 5,348 23,895 


October 5,070 19,622 


November 6,206 16,077 


December 9,167 15,413 
 


3.3 SPECIES COMPOSITION 


Species composition of entrained fishes (by percent) for the Parr and Fairfield Developments are 


presented in Table 3-4, Table 3-5, and Table 3-6. Species composition was calculated by 


determining percentages of fish collected during entrainment studies conducted at sites used in 


the entrainment database. 
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TABLE 3-4 PROPOSED SPECIES COMPOSITION BY FAMILY AND SEASON FOR THE PARR 
PROJECT BASED ON PROJECTED MAXIMUM PROJECT GENERATION 


FAMILY WINTER SPRING SUMMER FALL 


Catostomidae 4.15% 20.99% 3.96% 5.81% 


Panfishes 13.28% 38.00% 44.58% 44.95% 


Black Bass 0.41% 1.51% 2.08% 1.01% 


Clupeidae 36.93% 12.07% 10.00% 15.40% 


Cyprinidae 4.98% 10.70% 12.08% 9.60% 


Ictaluridae 35.68% 15.50% 27.08% 20.45% 


Moronidae 0.83% 0.14% 0.00% 1.77% 


Percidae 3.73% 1.10% 0.21% 1.01% 


TOTALS 100% 100% 100% 100% 
 


TABLE 3-5  PROPOSED SPECIES COMPOSITION BY FAMILY AND SEASON FOR THE FAIRFIELD 
DEVELOPMENT − CONVENTIONAL GENERATION 


FAMILY WINTER SPRING SUMMER FALL 


Catostomidae 0.01% 0.03% 0.02% 0.00% 


Black Bass 0.00% 0.01% 0.05% 0.04% 


Panfish 0.17% 4.62% 10.53% 1.40% 


Clupeidae 93.58% 42.59% 70.05% 77.35% 


Cyprinidae 0.11% 0.48% 0.49% 0.60% 


Ictaluridae 3.44% 0.72% 2.54% 18.52% 


Lepisosteidae 0.00% 0.00% 0.02% 0.00% 


Moronidae 0.00% 5.03% 0.34% 0.03% 


Percidae 2.68% 46.45% 15.94% 2.05% 


TOTALS 100% 100% 100% 100% 
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TABLE 3-6 PROPOSED SPECIES COMPOSITION BY FAMILY AND SEASON FOR THE FAIRFIELD 
DEVELOPMENT − PUMP-BACK GENERATION 


FAMILY WINTER SPRING SUMMER FALL 


Catostomidae 0.01% 0.00% 0.00% 0.01% 


Black Bass 0.05% 0.00% 0.63% 0.05% 


Panfish 0.29% 9.81% 0.45% 0.29% 


Clupeidae 98.75% 74.01% 96.36% 98.75% 


Cyprinidae 0.01% 1.07% 0.24% 0.01% 


Ictaluridae 0.67% 1.84% 0.29% 0.67% 


Lepisosteidae 0.00% 0.00% 0.00% 0.00% 


Moronidae 0.19% 11.75% 1.78% 0.19% 


Percidae 0.04% 1.51% 0.21% 0.04% 


Fundulidae 0.00% 0.00% 0.01% 0.00% 


Esocidae 0.00% 0.00% 0.01% 0.00% 


TOTALS 100% 100% 100% 100% 
 


3.4 TOTAL ANNUAL ENTRAINMENT 


Total annual entrainment for each Development was calculated by applying total monthly project 


flows to the calculated entrainment rates (Table 3-7 and Table 3-9). Percent species composition 


was then applied to the entrainment estimates to produce an estimated number of fish entrained 


in each family group (Table 3-8, Table 3-10 and Table 3-11). 
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TABLE 3-7 ESTIMATED NUMBER OF FISH ENTRAINED MONTHLY, SEASONALLY, AND 
ANNUALLY AT THE PARR DEVELOPMENT BASED ON HISTORIC PROJECT 
OPERATIONS 


 


MONTH 
 
 


SEASONAL 
ENTRAINMENT 


RATE 
(FISH/MCF) 


TOTAL 
MONTHLY 
PROJECT 


FLOWS (MCF) 


TOTAL 
ESTIMATED 


FISH 
ENTRAINED BY 


MONTH 


TOTAL 
ESTIMATED 


NUMBER FISH 
ENTRAINED BY 


SEASON 


Winter 
 


December 2.97 9,167 27,226  
January 2.97 9,786 29,065 84,590 
February 2.97 9,528 28,299  


      


Spring 
 


March 3.41 12,131 41,367  
April 3.41 10,481 35,740 105,806 
May 3.41 8,416 28,699  


      


Summer 
 


June 7.4 6,932 51,300  
July 7.4 6,163 45,606 138,679 


August 7.4 5,645 41,773  
      


Fall 
 


September 4.17 5,348 22,302  
October 4.17 5,070 21,141 69,322 


November 4.17 6,206 25,879  
ANNUAL 
TOTAL     398,397 


 


TABLE 3-8 ESTIMATED SPECIES TOTAL ENTRAINMENT BY FAMILY AND SEASON FOR THE 
PARR DEVELOPMENT BASED ON HISTORIC PROJECT OPERATIONS 


FAMILY WINTER SPRING SUMMER FALL ANNUAL 


Catostomidae 3,510 22,206 5,489 4,026 34,942 


Panfish 11,232 40,204 61,828 31,161 144,425 


Black Bass 351 1,597 2,889 700 5,537 


Clupeidae 31,239 12,772 13,868 10,678 68,557 


Cyprinidae 4,212 11,321 16,757 6,652 38,942 


Ictaluridae 30,186 16,401 37,559 14,179 98,325 


Moronidae 702 145 0 1,225 2,072 


Percidae 3,159 1,161 289 700 5,309 


TOTAL 84,591 105,806 138,679 69,322 398,398 
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TABLE 3-9 ESTIMATED NUMBER OF FISH ENTRAINED MONTHLY, SEASONALLY, AND ANNUAL AT THE FAIRFIELD DEVELOPMENT 
BASED ON HISTORIC PROJECT OPERATION 


 Month 


Seasonal 
Entrainment 


Rate (fish/mcf) 
Conventional 


Generation 


Seasonal 
Entrainment 


Rate (fish/mcf) 
Pump-back 
Generation 


Total 
Monthly 


Project Flows 
(mcf) 


Total Estimated 
Fish Entrained 


by Month 
Conventional 


Generation 


Total Estimated 
Fish Entrained 


by Month 
Pump-back 
Generation 


Total Estimated 
Fish Entrained by 


Season 
Conventional 


Generation 


Total Estimated 
Fish Entrained by 


Season 
Pump-back 
Generation 


Winter 
December 9.20 3.20 14,203 130,668 45,450 


374,026 130,096 January 9.20 3.20 11,969 110,115 38,301 
February 9.20 3.20 14,483 133,244 46,346 


Spring 
March 2.50 6.30 18,237 45,593 114,893 


169,495 427,127 April 2.50 6.30 23,287 58,218 146,708 
May 2.50 6.30 26,274 65,685 165,526 


Summer 
June 1.70 16.40 28,142 47,841 461,529 


137,846 1,329,810 July 1.70 16.40 29,049 49,383 476,404 
August 1.70 16.40 23,895 40,622 391,878 


Fall 
September 2.60 11.50 19,622 51,017 225,653 


132,891 587,788 October 2.60 11.50 16,077 41,800 184,886 
November 2.60 11.50 15,413 40,074 177,250 


TOTAL       814,258 2,474,822 
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TABLE 3-10 ESTIMATED TOTAL ENTRAINMENT BY FAMILY AND SEASON FOR THE 
FAIRFIELD DEVELOPMENT − CONVENTIONAL GENERATION 


FAMILY WINTER SPRING SUMMER FALL ANNUAL 


Catostomidae 25 44 33 0 102 


Black Bass 3 21 69 56 149 


Panfish 633 7,830 14,520 1,861 24,844 


Clupeidae 350,027 72,192 96,559 102,794 621,572 


Cyprinidae 407 815 679 794 2,695 


Icatluridae 12,872 1,224 3,507 24,617 42,220 


Lepisosteidae 3 0 31 0 34 


Moronidae 15 8,532 465 43 9,055 


Percidae 10,028 78,737 21,982 2,725 113,472 


TOTAL 374,013 169,393 137,846 132,891 814,143 
 


TABLE 3-11 ESTIMATED TOTAL ENTRAINMENT BY FAMILY AND SEASON FOR THE 
FAIRFIELD DEVELOPMENT − PUMP-BACK GENERATION 


FAMILY WINTER SPRING SUMMER FALL ANNUAL 


Catostomidae 8 9 3 37 57 


Black Bass 62 0 8,385 279 8,726 


Panfish 371 41,921 6,032 1,677 50,001 


Clupeidae 128,476 316,097 1,281,433 580,469 2,306,475 


Cyprinidae 15 4,557 3,234 66 7,872 


Ictaluridae 867 7,874 3,916 3,918 16,575 


Lepisosteidae 1 0 22 3 26 


Moronidae 250 50,188 23,711 1,130 75,279 


Percidae 46 6,464 2,851 209 9,570 


Fundulidae 0 18 154 0 172 


Esocidae 0 0 69 0 69 


TOTAL 130,096 427,128 1,329,810 587,788 2,474,822 
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3.5 TURBINE MORTALITY RATES 


Turbine mortality rates (immediate, 24-hour, and 48-hour) for each family group are presented in 


Tables 3-12 through Table 3-14. At the request of the Fisheries TWC, we also included turbine 


mortality rates for latent mortality (24-hour and 48-hour) where the data was available. 


TABLE 3-12 PARR DEVELOPMENT - TURBINE MORTALITY RATES BY FAMILY GROUP − 
IMMEDIATE 24 HOUR AND 48 HOUR 


PARR MORTALITY  
RATES 


IMMEDIATE 
MORTALITY 


24 HR 
MORTALITY 


48 HR 
MORTALITY 


Panfish 7% 12% 17% 


Black Bass 20% 22% 25% 


Cyprinidae 14% 30% 42% 


Percidae 13% 25% 32% 


Catostomidae 12% 25% 28% 


Clupeidae 2% 4% 15% 


Ictaluridae 1% n/a 2% 


Moronidae¹ 20% 22% 25% 


¹ Black bass used as surrogate   
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TABLE 3-13 FAIRFIELD DEVELOPMENT − TURBINE MORTALITY RATES BY FAMILY GROUP − 
IMMEDIATE, 24 HOUR AND 48 HOUR 


FAIRFIELD 
MORTALITY RATES 


IMMEDIATE 
MORTALITY 


24 HR 
MORTALITY 


48 HR 
MORTALITY 


Panfish 33% 37% 38% 


Percidae 32% 37% 40% 


Cyprinidae 22% 34% 36% 


Black Bass 40% 63% 66% 


Catostomidae 35% 44% 47% 


Esocidae 12% 24% 24% 


Clupeidae 12% 24% 24% 


Ictaluridae² 37% 49% 52% 


Lepisosteidae³ 12% 24% 24% 


Moronidae² 37% 49% 52% 


Fundulidae¹ 22% 34% 36% 


¹ Cyprinidae used as surrogate   
² average of Catostomids and Black Bass used as surrogate 
³ Esocidae used as surrogate   


 


3.6 TURBINE MORTALITY ESTIMATES 


The turbine mortality rates were multiplied with the fish entrainment estimates presented in 


Tables 3-8, 3-10 and Table 3-11 to provide estimates of fish killed immediately due to turbine 


mortality (Table 3-14, Table 3-17 and Table 3-20). At the request of the Fisheries TWC, we also 


included estimates for latent turbine mortality: 24 hours (Table 3-15, Table 3-18, and Table 


3-21); and 48 hours (Table 3-16, Table 3-19 and Table 3-22). 
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TABLE 3-14 PARR DEVELOPMENT − ESTIMATED NUMBER OF FISH KILLED BASED ON 
IMMEDIATE TURBINE MORTALITY RATES 


IMMEDIATE 
MORTALITY WINTER SPRING SUMMER FALL TOTAL 


ANNUAL 
Panfish 735 2,629 4,043 2,038 9,445 


Black Bass 70 319 578 140 1,107 


Cyprinidae 570 1,532 2,267 900 5,269 


Percidae 418 154 38 93 703 


Catostomidae 436 2,758 682 500 4,341 


Clupeidae 681 279 303 233 1,496 


Ictaluridae 343 186 427 161 1,117 


Moronidae 140 29 0 245 415 
 
 


TABLE 3-15 PARR DEVELOPMENT − ESTIMATED NUMBER OF FISH KILLED BASED ON 24 
HOUR TURBINE MORTALITY RATES 


24 HOUR 
MORTALITY WINTER SPRING SUMMER FALL TOTAL 


ANNUAL 
Panfish 1,338 4,791 7,368 3,713 17,211 


Black Bass 77 348 630 153 1,208 


Cyprinidae 1,275 3,427 5,072 2,013 11,787 


Percidae 796 293 73 176 1,338 


Catostomidae 887 5,610 1,387 1,017 8,827 


Clupeidae 1,270 519 564 434 2,787 


Ictaluridae n/a n/a n/a n/a n/a 


Moronidae 153 32 0 267 452 
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TABLE 3-16 PARR DEVELOPMENT - ESTIMATED NUMBER OF FISH KILLED BASED ON 48 
HOUR TURBINE MORALITY RATES 


48 HOUR 
MORTALITY 


WINTER SPRING SUMMER FALL TOTAL 
ANNUAL 


Panfish 1,865 6,675 10,266 5,174 23,980 


Black Bass 89 406 735 178 1,409 


Cyprinidae 1,789 4,808 7,117 2,825 16,540 


Percidae 1,010 371 92 224 1,698 


Catostomidae 994 6,287 1,554 1,140 9,893 


Clupeidae 4,707 1,924 2,090 1,609 10,330 


Ictaluridae 686 373 854 322 2,235 


Moronidae 179 37 0 312 528 


 
 


TABLE 3-17 FAIRFIELD DEVELOPMENT CONVENTIONAL GENERATION − ESTIMATED 
NUMBER OF FISH KILLED BASED ON IMMEDIATE TURBINE MORTALITY RATES 


CONVENTIONAL 
GENERATION IMMEDIATE 
MORTALITY 


WINTER SPRING SUMMER FALL TOTAL 
ANNUAL 


Catostomidae 9 16 12 0 36 


Black Bass 1 8 27 22 59 


Panfish 208 2,568 4,762 610 8,148 


Clupeidae 42,003 8,663 11,587 12,335 74,589 


Cyprinidae 90 180 150 176 597 


Icatluridae 4,716 448 1,285 9,019 15,468 


Lepisosteidae 0 0 4 0 4 


Moronidae 6 3,126 170 16 3,318 


Percidae 3,259 25,587 7,133 886 36,865 
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TABLE 3-18 FAIRFIELD DEVELOPMENT CONVENTIONAL GENERATION − ESTIMATED 
NUMBER OF FISH KILLED BASED ON 24 HOUR TURBINE MORTALITY RATES 


CONVENTIONAL 
GENERATION 24 HOUR 
MORTALITY 


WINTER SPRING SUMMER FALL TOTAL 
ANNUAL 


Catostomidae 11 19 15 0 45 


Black Bass 2 13 44 36 94 


Panfish 233 2,883 5,346 685 9,147 


Clupeidae 84,007 17,326 23,174 24,671 149,177 


Cyprinidae 137 274 228 267 907 


Icatluridae 6,319 601 1,722 12,085 20,727 


Lepisosteidae 1 0 7 0 8 


Moronidae 8 4,189 228 21 4,446 


Percidae 3,754 29,478 8,218 1,020 42,470 
 


TABLE 3-19 FAIRFIELD DEVELOPMENT CONVENTIONAL GENERATION − ESTIMATED 
NUMBER OF FISH KILLED BASED ON 48 HOUR TURBINE MORTALITY RATES 


CONVENTIONAL 
GENERATION 48 HOUR 
MORTALITY 


WINTER SPRING SUMMER FALL TOTAL 
ANNUAL 


Catostomidae 12 21 16 0 48 


Black Bass 2 14 46 37 99 


Panfish 242 2,993 5,551 711 9,497 


Clupeidae 84,007 17,326 23,174 24,671 149,177 


Cyprinidae 148 297 247 289 982 


Icatluridae 6,688 636 1,822 12,791 21,937 


Lepisosteidae 1 0 7 0 8 


Moronidae 8 4,433 242 23 4,705 


Percidae 4,041 31,725 8,844 1,098 45,708 
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TABLE 3-20 FAIRFIELD DEVELOPMENT PUMP-BACK GENERATION − ESTIMATED NUMBER 
OF FISH KILLED BASED ON IMMEDIATE TURBINE MORTALITY RATES 


PUMP-BACK GENERATION 
IMMEDIATE MORTALITY WINTER SPRING SUMMER FALL TOTAL 


ANNUAL 
Cleupidae 15,417 37,932 153,772 69,656 276,777 


Moronidae 92 18,388 8,687 414 27,581 


Black Bass 25 0 3,349 112 3,485 


Panfish 122 13,749 1,978 550 16,399 


Ictaluridae 318 2,885 1,435 1,435 6,073 


Percidae 15 2,101 926 68 3,110 


Cyprinidae 3 1,009 716 15 1,742 


Fundulidae 0 4 34 0 38 


Esocidae 0 0 8 0 8 


Catostomidae 3 3 1 13 20 


Lepisosteidae 0 0 3 0 3 
 


TABLE 3-21 FAIRFIELD DEVELOPMENT PUMP-BACK GENERATION − ESTIMATED NUMBER 
OF FISH KILLED BASED ON TURBINE 24 HOUR MORTALITY RATES 


PUMP-BACK GENERATION 24 
HOUR MORTALITY WINTER SPRING SUMMER FALL TOTAL 


ANNUAL 
Cleupidae 30,834 75,863 307,544 139,313 553,554 


Moronidae 123 24,639 11,641 555 36,957 


Black Bass 39 0 5,316 177 5,533 


Panfish 137 15,434 2,221 617 18,409 


Ictaluridae 426 3,866 1,923 1,923 8,138 


Percidae 17 2,420 1,067 78 3,583 


Cyprinidae 5 1,533 1,088 22 2,648 


Fundulidae 0 6 52 0 58 


Esocidae 0 0 17 0 17 


Catostomidae 4 4 1 16 25 


Lepisosteidae 0 0 5 1 6 
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TABLE 3-22 FAIRFIELD DEVELOPMENT PUMP-BACK GENERATION − ESTIMATED NUMBER 
OF FISH KILLED BASED ON TURBINE 48 HOUR MORTALITY RATES 


 
PUMP-BACK 
GENERATION 48 HOUR 
MORTALITY 


WINTER SPRING SUMMER FALL TOTAL 
ANNUAL 


Cleupidae 30,834 75,863 307,544 139,313 553,554 


Moronidae 130 26,077 12,320 587 39,114 


Black Bass 41 0 5,573 186 5,800 


Panfish 142 16,025 2,306 641 19,114 


Ictaluridae 451 4,091 2,035 2,036 8,612 


Percidae 19 2,605 1,149 84 3,856 


Cyprinidae 5 1,660 1,178 24 2,868 


Fundulidae 0 6 56 0 62 


Esocidae 0 0 17 0 17 


Catostomidae 4 4 1 17 26 


Lepisosteidae 0 0 5 1 6 
 


4.0 DISCUSSION 


This desktop analysis presents an order of magnitude estimate for potential entrainment and 


turbine mortality for fish passing through the Parr and Fairfield Development projects. These 


estimates are based on hydroelectric projects that were selected due to their similarities to the 


Developments. 
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DESKTOP FISH ENTRAINMENT STUDY PLAN  


 


PARR HYDROELECTRIC PROJECT 


(FERC NO. 1894) 


 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 


 


 


 


1.0 INTRODUCTION  


South Carolina Electric & Gas Company (SCE&G) is the Licensee of the Parr Hydroelectric 


Project (FERC No. 1894) (Project). The Project consists of the Parr Hydro Development and the 


Fairfield Pumped Storage Development. Both developments are located along the Broad River in 


Fairfield and Newberry Counties, South Carolina.  


The Project is currently involved in a relicensing process which involves cooperation and 


collaboration between SCE&G, as licensee, and a variety of stakeholders including state and 


federal resource agencies, state and local government, non-governmental organizations (NGO), 


and interested individuals. Collaboration and cooperation is essential in the identification of and 


treatment of operational, economic, and environmental issues associated with a new operating 


license for the Project. SCE&G has established several Technical Working Committees (TWC's) 


comprised of interested stakeholders with the objective of achieving consensus regarding the 


identification and proper treatment of these issues in the context of a new license. 


The TWC determined that a desktop fish entrainment and mortality study should be conducted to 


determine the likely effects of Project-induced entrainment and impingement based on the 


physical characteristics of the Project. This study plan outlines the process for a desktop analysis. 
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2.0 BACKGROUND AND EXISTING INFORMATION 


As noted, the Project is comprised of two developments. The Parr Hydro Development forms 


Parr Reservoir along the Broad River. The Development consists of a 37-foot-high, 200-foot-


long concrete gravity spillway dam with a powerhouse housing generating units with a combined 


licensed capacity of 14.9 MW. Parr Hydro operates in a modified run-of-river mode and 


normally operates continuously to pass Broad River flow. Current minimum flow license articles 


require that 1,000 cubic feet-per-second (cfs), or average daily natural inflow to Parr Reservoir1, 


whichever is less, be provided downstream of Parr Dam from March through May. During the 


remainder of the year, 800 cfs daily average flow and 150 cfs minimum flow, or natural inflow, 


whichever is less, are required downstream of the Parr Dam. The 13-mile-long Parr Reservoir 


has a surface area of 4,400 acres at full pool and serves as the lower reservoir for pumped-


storage operations at the Fairfield Pumped Storage Development.  


The Fairfield Pumped Storage Development is located directly off of the Broad River. Four 


earthen dams form the 6,800-acre upper reservoir, Monticello Reservoir. As noted, Parr 


Reservoir serves as the lower reservoir for pumped storage operations. The Fairfield 


Development has a licensed capacity of 511.2 MW and is primarily used for peaking operations, 


reserve generation, and power usage. 


The Project area supports warmwater fish communities typical of impounded river reaches in the 


Piedmont of South Carolina. Recent survey work within the Project area has documented 30 


species of fish occurring in Parr Reservoir and 24 species in Monticello Reservoir (Table 1). 


Although some seasonal variations in community structure have been documented, the fish 


communities are generally similar between the two reservoirs, with gizzard shad, blue catfish, 


bluegill, channel catfish and white perch being the dominant species (Normandeau 2007, 2008, 


2009; SCANA 2013). No state or federally listed threatened or endangered species have been 


documented in Monticello or Parr reservoirs, although robust redhorse, which is considered a 


                                                 
1
 Evaporative loss from Parr and Monticello Reservoirs is subtracted from average daily natural inflow to determine 


flows downstream of Parr Dam.  







 


 


FEBRUARY 2014 - 3 -  


species of highest conservation concern by the SCDNR (2005), has been documented in limited2 


numbers in both reservoirs.  


TABLE 1 FISH SPECIES DOCUMENTED AT PARR AND MONTICELLO RESERVOIRS 


(SOURCE: NORMANDEAU 2007, 2008, 2009; SCANA 2013) 


COMMON NAME SCIENTIFIC NAME PARR MONTICELLO 


black crappie Pomoxis nigromaculatus x x 


blue catfish Ictalurus furcatus x x 


bluegill Lepomis macrochirus x x 


channel catfish Ictalurus punctatus x x 


flat bullhead Ameiurus platycephalus x x 


flathead catfish Pylodictis olivaris x 
 gizzard shad Dorosoma cepedianum x x 


golden shiner Notemigonus chrysoleucas x x 


highfin carpsucker Carpiodes velifer x 
 largemouth bass Micropterus salmoides x x 


longnose gar Lepisosteus osseus x 
 northern hogsucker Hypentelium nigricans x x 


notchlip redhorse Moxostoma collapsum  x x 


pumpkinseed Lepomis gibbosus x x 


quillback Carpiodes cyprinus x x 


redbreast sunfish Lepomis auritus x x 


redear sunfish Lepomis microlophus x x 


robust redhorse Moxostoma robustum  x x 


sandbar shiner Notropis scepticus x 
 shorthead redhorse Moxostoma macrolepidotum x x 


smallmouth bass Micropterus dolomieu x x 


snail bullhead Ameiurus brunneus 


 
x 


spottail shiner Notropis hudsonius x x 


threadfin shad Dorosoma petenense x x 


warmouth Lepomis gulosus x 
 white bass Morone chrysops x 
 white catfish Ameiurus catus x x 


white perch Morone americana x x 


whitefin shiner Cyprinella nivea x x 


yellow bullhead Amierus natalis x x 


yellow perch Perca flavescens x x 


      


                                                 
2
 To date, 2 robust redhorse have been documented in Monticello Reservoir and 3 robust redhorse have been 


documented in Parr Reservoir. 
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3.0 STUDY GOALS AND OBJECTIVES 


The goal of the desktop fish entrainment and mortality study is to develop additional information 


necessary to estimate potential fish entrainment and impingement at the Project. This will 


provide a basis for understanding the effects of entrainment, impingement and turbine mortality 


on fisheries resources in the Project area. The study objective is to characterize and provide an 


order-of-magnitude estimate of entrainment at both developments using existing literature and 


site-specific information.  


4.0 PROJECT NEXUS 


Fish that reside in the Project area could be susceptible to impingement on the Project trashracks 


or entrainment through the Project turbines. Evaluation of the physical characteristics of each 


Project development along with an evaluation of expected fish behavior at the intake structures 


utilizing existing information will help in the understanding of the potential for continued Project 


operations to affect the fishery. 


5.0 GEOGRAPHIC SCOPE 


As this analysis is a desktop exercise, no field reconnaissance will be implemented. Fish species 


present within the Project vicinity that are determined to be potentially susceptible to 


impingement and/or entrainment through the Project will be analyzed in this study.  


6.0 METHODOLOGY 


Fish impingement and entrainment at the Project may occur when fish that elect to enter into the 


project intake flow field during periods of operation may become impinged on the trashracks or 


entrained through the turbines. Fish that are small enough to pass through the projects trashracks 


will be considered susceptible to entrainment while those physically excluded due to size (i.e. 


length, width, and/or depth) will be considered as potential candidates for impingement. Not all 


fish species occurring in the Project reservoirs may be equally susceptible to entrainment or 


impingement because of their habitat use, behavior and swimming abilities relative to the project 


intake velocity. As noted, fish entrainment at the Project developments will be assessed through 


a desktop study. The primary inputs for this analysis will be as follows: 
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1. Develop an entrainment and turbine mortality database that can be applied to the Parr 


and Monticello developments. 


2. Calculate and estimate fish entrainment rates, seasonally if possible, at each Project 


development. Entrainment rates are defined as:  number of Fish/volume of water 


entrained. 


3. Characterize the species composition of potential fish entrainment. 


4. Apply any physical or biological filters that may influence entrainment. 


5. Estimate the total annual entrainment for the Project based on normal operation. 


6. Estimate potential turbine mortality for fish entrainment based on turbine mortality 


estimates from similar project studies. 


7.  Estimate impingement mortality for fish eliminated from entrainment estimates.  


 


These inputs are described in more detail below. 


Development of an 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 available entrainment 


studies and will include: 


 Location: geographic proximity (preference given to same river basin). 


 Project size: discharge capacity and power production. 


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


 Biological factors: fish species composition. 


 Impoundment characteristics: general water quality, impoundment size, flow regime. 


 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 


desktop study. After review of the “matrix”, specific studies that are most applicable to the 


Project developments will be selected for use in the entrainment database. Key criteria to be used 


in acceptance of candidate studies may include: 


 Similar geographic location, with preference given to projects located in the same 


river basin. 


 Similar station hydraulic capacity. 


 Similar station operation (peaking, run-of-river, etc.). 
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 Biological similarities: fish species, assemblage and water quality. 


 Availability and type of entrainment data (netting vs hydroacoustic). 


 


Estimation of Fish Entrainment 


Fish entrainment by species for the proposed Project will be estimated on a monthly basis (if 


possible) to provide an order-of-magnitude fish entrainment estimate. As noted, 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 each Project development.  


Species Composition Analysis 


Species composition data from the accepted entrainment studies will be analyzed and compiled 


to determine the fish species typically entrained at other hydroelectric projects. This information 


will be grouped to yield predicted seasonal estimates of species-specific data for entrained fish to 


determine: 


 Likelihood of entrainment by species. 


 Expected relative abundance of each species identified as potentially entrained. 


 Prediction of seasonal entrainment by species and size, if applicable. 


 


Application of Physical or Biological Filters 


Adjustment of fish entrainment rates based on site-specific characteristics of the Project may be 


appropriate. Factors potentially affecting entrainment rates that may warrant adjustment of 


estimates include: 


 Trashrack spacing. 


 Fish habitat available at the intakes. 


 Other site specific factors as determined during the study. 


 


Some limited boat electrofishing will also be conducted in the Fairfield development forebay in 


Monticello Reservoir and in the Fairfield development tailrace canal in Parr Reservoir for 


purposes of characterizing the fish communities occurring in the intake vicinities.   Sampling 


will be conducted in the spring and fall of the 2014 and 2015, concurrent with fish tissue 
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sampling required as part of environmental compliance activities for the VC Summer Nuclear 


Station.  All fish encountered will be identified to species, measured for total length, and either 


returned alive to the river or retained for fish tissue sampling.  While ancillary to the entrainment 


and impingement estimates described above, the sampling will provide qualitative data 


describing spatial and temporal patterns of fish occurring in the intake zone. Existing fish 


community data for Parr Reservoir (summarized in the Parr and Fairfield Baseline Fisheries 


Report) will also be used to better understand spatial and temporal fish distribution trends as part 


of developing entrainment estimates for both developments.   


 


Total Annual Entrainment Estimate 


Total fish entrainment for each Project development 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 known project studies will be compared to the characteristics of the Parr and Monticello 


development turbines and appropriate studies will be selected for the transfer of turbine mortality 


data. Selected turbine survival rate data will also be obtained from the literature and used to 


estimate the number of fish lost due to turbine mortality. Important turbine characteristics viewed 


as general criteria for accepting turbine mortality studies will include but are not limited to: 


 Turbine design type. 


 Operating head. 


 Turbine runner speed. 


 Turbine diameter, and peripheral runner velocity. 


 


Species specific turbine mortality rate data available from source studies will also be reviewed 


and consolidated. Where multiple tests are available for a given fish genus or family, a mean 


survival rate will be computed. For genus or families where no acceptable data can be identified, 


the survival rate data from surrogate genus and/or family groups will be utilized. 
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Once turbine mortality rates are developed from the study database, the rates will be applied to 


the fish entrainment estimates for the Project. This will be accomplished by multiplying fish 


entrainment estimates by the composite mortality rates for each family/genus group (where 


applicable). 


Impingement Estimates 


Fish eliminated from entrainment estimates due to their size in relation to the trashrack spacing 


will be considered susceptible to impingement. Swim speed information for these species and 


size groups will be compared to intake velocities to estimate the potential for impingement. 


Those species or size groups lacking the ability to avoid impingement will be considered 


impinged and subsequently killed due to impingement mortality.  


7.0 SCHEDULE AND PRODUCTS 


Our goal is to complete this study by the end of 2015.  Based on review of an earlier draft of the 


study plan, the TWC identified several “hold points,” associated with the 7 primary study inputs 


identified in Section 6.0.  Specifically, “hold points” were requested following completion of 


Step 1 (entrainment and turbine mortality database development), Step 3 (characterization of 


species composition), and Step 5 (estimate of total annual entrainment).  At each of these hold 


points, the TWC will be convened to review the study progress to date prior to proceeding with 


the next phase of the analysis.   


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 the TWC 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 TWC members and will be resubmitted as the Final Report. 


8.0 USE OF STUDY RESULTS 


Study results will be used as an information resource during discussion of relicensing issues and 


developing potential Protection, Mitigation and Enhancement measures with the South Carolina 


Department of Natural Resources, USFWS, Fisheries TWC, and other relicensing stakeholders. 
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MEMORANDUM 
 


TO:  Parr Hydro Relicense - Fisheries Technical Working Committee 
FROM: Henry Mealing and Shane Boring 
DATE: October 20, 2014 
RE: Fish Entrainment and Turbine Mortality Desktop Study – Revised First Hold 


Point – Establishing the Database and Entrainment Rates  
 
 
The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by 
the Fisheries Technical Working Committee (TWC) on December 19, 2013. The Plan identifies 
several "hold points" associated with completion of the study. The purpose of each hold point is 
to allow the TWC members an opportunity to review the study progress to date prior to 
proceeding to the next phase of the analysis. This memo is prepared pursuant to the first hold 
point which includes two steps:  
  


1. Develop an entrainment and turbine mortality database that can be applied to the Parr and 
Fairfield developments.  We have provided a list of recommended source entrainment 
and turbine mortality studies to use in developing fish entrainment estimates and turbine 
mortality estimates for the two developments. 


 
2. Calculate and estimate fish entrainment rates (seasonally if possible) for each 


development. Entrainment rates are defined as: number of fish/volume of water 
entrained.  We have provided monthly data from the proposed studies and grouped the 
data to provide seasonal entrainment rates for the Parr and Fairfield developments. 


 
The original version of this Memo was revised to address questions and comments submitted by 
the USFWS on June 24, 2014. 
 
RECOMMENDED ENTRAINMENT DATABASE 


PARR DEVELOPMENT 


In developing an entrainment database for the Parr Development, we reviewed a database of over 
seventy site-specific studies of resident fish entrainment at hydroelectric projects in the US 
(EPRI 1997). A matrix of site-specific characteristics relevant to fish entrainment was used to 
narrow the database down to those studies that best matched the Parr Development. The 
characteristics were: 


• Location: geographic proximity of reference study (preference given to same river basin) 
• Project size: discharge capacity and power production 
• Mode of operation: peaking, run-of-river, etc. 
• Biological factors: fish species composition 
• Impoundment characteristics: general water quality, impoundment size, flow regime 
• Physical project characteristics: trash rack spacing, intake velocity, etc. 
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This review identified five reference studies that were most similar to the Parr Development 
(Table 1). Each of the proposed reference studies is from the Saluda or Broad rivers in South 
Carolina and is geographically and operationally similar to the Parr Development. Entrainment 
rates at each of the reference studies were based on tailrace netting. These five studies were also 
used in a previous desktop entrainment study for a project on the Broad River (Kleinschmidt 
1996). 
 
FAIRFIELD DEVELOPMENT 


Using the same matrix of site characteristics, we identified three pump storage studies that could 
be used as reference studies for the Fairfield Development (Table 2). The Richard B. Russell 
(RBR) Project is a pump storage project located on the Savannah River, GA, with a reservoir that 
supports a warmwater fishery. Studies at RBR included the use of both hydroacoustics and full 
recovery netting to determine fish entrainment rates for operations. The Bad Creek and Jocassee 
developments are located in the foothills of SC. These projects include cool water oligotrophic 
reservoirs that are not as similar to the Fairfield Development, but both are pump storage 
projects. Entrainment sampling at Bad Creek included tailrace netting and hydroacoustics. The 
Jocassee Project entrainment sampling included hydroacoustics and purse seine netting in the 
tailrace area.  
 
USFWS CONSULTATION 


The USFWS requested that we also review the Buzzard Roost study (Lake Greenwood) for 
applicability at either or both developments, because “the Buzzard’s Roost Project has a similar 
geography, (RM 60, Saluda R.), generation capacity (15.0 MW), hydraulic capacity (3300 cfs) 
and fishery (warm water). Moreover, the Buzzard’s Roost study made an effort to equally divide 
monitoring across daytime and nighttime”.  


We reviewed the Buzzard’s Roost study and found that the entrainment rates were significantly 
greater (on average 17 times higher) in comparison to the smaller, riverine reservoirs identified 
as potential source studies for the Parr Development, as well as the three pump-back studies 
identified for estimation of entrainment for the Fairfield Development.  Buzzard Roost is located 
on Lake Greenwood, which is a storage reservoir with a warmwater fishery dominated by shad 
as a forage species. This is reflected in the resulting entrainment rates, as far greater numbers of 
shad (threadfin and gizzard shad) were entrained when schools periodically moved into the 
intake area. We do not recommend inclusion of the Buzzard Roost project in the data set for two 
reasons: 


• The huge discrepancy in entrainment rates associated with high densities of shad in the 
reservoir would shift the entrainment estimates up several orders of magnitude. 


• The high proportion of shad in the entrainment catches would cause a significant shift in 
the overall species entrainment estimates and would likely not be representative of either 
the Parr or Monticello reservoir species composition. 
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TABLE 1. COMPARISON OF SITE CHARACTERISTICS OF RECOMMENDED SOURCE STUDIES FOR ESTIMATING ENTRAINMENT AT THE PARR DEVELOPMENT (EPRI 1997)  


PROJECT LOCATION  TURBINE CONFIGURATION  OPERATION  IMPOUNDMENT/POWER CANAL DATA  BIOLOGICAL DATA AVAILABLE 


Name State River 
 


Capacity Turbine Bar Rack Depth 
 


Peaking or 
 


Impoundment/ Surface  Volume Ave. 
 


Baseline  Fishery Entertainment Sampling 
Mortality 


Study 


FERC NO. 
   


(MW) Type Spacing of Intake 
 


Run of River 
 


Power Canal Acres (acre/ft.) Depth 
 


Survey Type Netting Hydroacoustics 
         (CFS)   (in) (ft)                           


Parr Hydro 
Development 


No. 1894 
SC Broad   


14.88 
MW 


6,000 cfs 


Vertical 
Francis 2.25 


From 10 ft. above 
bottom up to 10 ft. 


below WSEL 
  Run of River   Impoundment 4,400 32,000 na   Yes Warm n/a n/a n/a 


Holidays 
Bridge 


No. 2465 
SC Saluda   3.5 MW 


1,850 cfs 


Horizontal 
Francis 
Vertical 
Francis 


2.0 
Bottom oriented 
18 ft. below the 
water surface 


  Modified 
Peaking   


Impoundment 
 


Power Canal 


466 
 


1.5 


6000 
 


na 


>6 ft. 
 


na 
  Yes Warm 


Full 
Recovery 
Netting on 


Unit 3 


Yes Yes 


Saluda Dam 
No. 2406 SC Saluda   2.4 MW 


1,280 cfs 
Horizontal 


Francis  


Bottom oriented 
14 ft. below the 
water surface 


  Modified 
Peaking   Impoundment 566 7228 6 ft.   Yes Warm 


Full 
Recovery 
Netting on 


Unit 1 


Yes No 


Neal Shoals 
No. 2315 SC Broad   4.42 MW 


4,000 cfs 
Horizontal 


Francis  


Intake pulls 
from entire 


water column 
  Run of River   Impoundment na na na   Yes Warm 


Full 
Recovery 
Netting on 


Unit 3 


Yes Yes 


Gaston 
Shoals 


No. 2332 
SC Broad   9.1 MW 


2,800 cfs 


Horizontal 
Francis 
Vertical 
Francis 


2.5 
Bottom oriented 
13.5 ft. below the 


water surface 
  Modified 


Peaking   Impoundment 300 2500 >30 ft.   Yes Warm 


Full 
Recovery 
Netting on 


Unit 6 


Yes No 


Ninety-nine 
Islands 


No. 2331 
SC Broad   18 MW 


3,992 cfs 
Horizontal 


Francis  


Bottom oriented 
11.5 ft. below the 


water surface 
  Modified 


Peaking   Impoundment 433 2300 >6 ft.   Yes Warm 


Full 
Recovery 
Netting on 


Unit 4 


Yes Yes 


 


TABLE 2. COMPARISON OF SITE CHARACTERISTICS OF FAIRFIELD DEVELOPMENT TO POTENTIAL ENTRAINMENT SOURCE STUDIES  


PROJECT LOCATION  TURBINE CONFIGURATION OPERATION IMPOUNDMENT/POWER CANAL DATA BASELINE 
SURVEY 


FISHER
Y TYPE 


ENTERTAINMENT 
SAMPLING 


MORTALITY 
STUDY 


Name State River  Capacity Turbine Bar Rack Depth Peaking or Impoundment/ Surface Volume Ave.   Netting Hydroacousti
cs  


    
(MW) 
(CFS) Type Spacing 


(in) 
Generation 
Intake (ft) Run of River Power Canal Acres (acre/ft.) Depth 


(ft)      


Fairfield 
No. 1894 SC Broad  


511.20 MW 
50,400 cfs (gen.) 
41,800 (pump) 


Francis 6.0 


Surface to 
65 ft below 


normal 
maximum 


pool 


Peaking 
& Reserve Impoundment 6,800 400,000 59 Yes Warm n/a n/a n/a 


Richard B. 
Russell 


USACOE 
GA/SC Savannah  


648 MW 
60,000 cfs (gen) 
30,000 (pump) 


Francis 8.0 Mid-depth 
100 ft Peaking Impoundment 26,653 1,026,244 39 Yes Warm Full 


recovery Yes Yes 


Bad Creek 
No.2503 SC Bad Creek  


1,065 MW 
(gen)  


(pump) 
Francis 4.0  Peaking Impoundment 333 27,148  Yes Cool Full 


recovery Yes No 


Jocassee 
No. 2503 SC Keowee  


750 MW 
(gen) 


(pump) 
Francis  43-66 ft  Peaking Impoundment 7,980 1,391,670 158 Yes Cool No Yes No 
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ENTRAINMENT RATES 


Parr Development 
Entrainment rates for the five reference entrainment studies for use with the Parr Development 
are presented in Table 3. Fish entrainment is based on fish/million cubic feet of water passed 
through the project. The entrainment data provided in Table 3 were obtained from the original 
entrainment reports, analyzed, and presented in the Lockhart Project Fish Entrainment Analysis 
(Kleinschmidt 1996). The Saluda Dam study had missing data points for March, April, and May, 
and the Neal Shoals report only presented an annual entrainment rate.  As part of the Lockhart 
Study, the SCDNR, USFWS, and Kleinschmidt prorated entrainment data for the Neal Shoals 
study and also combined the monthly data into seasonal entrainment rates (Table 4) 
(Kleinschmidt 1996).  Seasons were grouped in the following manner:  


• Winter = December, January, and February 
• Spring = March, April, and May 
• Summer = June, July, and August 
• Fall = September, October, and November 


 
TABLE 3. PARR STUDY MONTHLY ENTRAINMENT RATES (FISH/MILLION CF) FROM 


ENTRAINMENT DATABASE  STUDIES. (KLEINSCHMIDT 1996) 


STUDY SITE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
ANNUAL 


RATE 


Holidays Bridge 2.2 0.8 6.5 3.7 11.6 7.1 7.1 7.1 2.9 3.1 1.2 3.3 
 Saluda Dam 5.4 5.4 NA1 NA1 NA1 10.1 8.1 5.8 5.5 12.6 4.8 5.4 
 Neal Shoals NG2 NG2 NG2 NG2 NG2 NG2 NG2 NG2 NG2 NG2 NG2 NG2 5.5 


Gaston Shoals 1.3 1.4 0.6 5.0 1.5 8.8 9.0 8.3 3.6 2.3 0.4 0.5 
 Ninety-nine 


Islands 2.8 5.6 0.8 2.1 4.5 4.5 4.5 4.5 2.7 5.5 3.3 0.0 
 


Mean 2.9 3.3 2.6 3.6 5.9 7.6 7.2 6.4 3.7 5.9 2.4 2.3 
 1NA = data not collected 


2NG = monthly data not given in report – Annual entrainment rate provided 
 
TABLE 4. PARR STUDY SEASONAL ENTRAINMENT RATES (FISH/MILLION CF) FROM 


ENTRAINMENT DATABASE  STUDIES. (KLEINSCHMIDT 1996)  


STUDY SITE WINTER SPRING SUMMER FALL 
ANNUAL 
MEAN 


Holidays Bridge 2.1 7.3 7.1 2.4 4.7 
Saluda Dam 5.4 NA1 8.0 7.6 5.3 
Neal Shoals2 3.5 5.0 8.7 4.9 5.5 


Gaston Shoals 1.1 2.4 8.7 2.1 3.6 
Ninety-nine Islands 2.8 2.5 4.5 3.8 3.4 


Mean 2.97 3.41 7.40 4.17 4.5 
1NA = data not available 
2 seasonal rate prorated – Kleinschmidt 1996 
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Fairfield Development 


The three reference pump-back entrainment projects have a combination of both conventional 
generation entrainment and pump-back entrainment rates available.  The RBR and the Jocassee 
studies include both conventional and pump-back data.  The Bad Creek study only included 
pump-back data. 
 
We reviewed the reports from each of the three projects and noted that each study identified shad 
and herring as the largest sources of fish entrainment in the generation and pump-back 
operations.  Therefore, with the exception of the Jocassee Project, we also presented entrainment 
rates for “All” species combined, for “Shad-Herring”, and “Other” species (Table 5). We believe 
that these projects represent the best sources of pump-back entrainment in the southeast. 
However, we also recommend that the TWC discuss the potential differences in shad-herring 
population densities between the source studies and the Monticello Reservoir and tailrace. Upon 
review, it may be appropriate to modify the entrainment rates to reflect what would be observed 
at the Fairfield Development. 
 
We grouped the data into seasons and calculated a Seasonal Entrainment Rate for both 
conventional generation and pump-back operation (Table 6).  This rate is based on all of the data 
for both shad and other species. Because the seasonal rates presented in Table 6 are based on 
reservoirs with high densities of shad and herring, these rates should be considered provisional 
and could be reduced based on discussion within the TWC. 
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TABLE 5. FAIRFIELD STUDY ENTRAINMENT RATES (FISH/MILLION CF) FROM ENTRAINMENT DATABASE STUDIES  


STUDY SITE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVG. 
Richard B. Russell – Conventional Generation          
 6.8 33.6 1.0 1.2 0.5 0.3 0.5 1.3 0.6 0.4 2.6 1.1 4.1 
Jocassee (2013) - Conventional Generation            
 5.8 5.0 3.1 4.1 4.8 1.7 3.0 3.4 3.3 2.7 5.7 3.2 3.8 


Richard B. Russell – Pump-Back Operation          
Pump Back “ALL”    23.8 25.2 8.7 46.7 92.0 51.2 28.9    
Pump Back – Shad 
and Herring 


   17.1 18.9 6.6 46.0 91.4 50.7 28.3    


Pump-Back – 
Other species 


   6.7 6.3 2.2 0.71 0.7 0.5 0.6    


Bad Creek (1991)              
Pump Back Total 2.9 1.3 1.1 1.5 1.8 1.0 2.2 0.3 0.8 0.1 0.1 0.0 1.1 
Pump Back – Shad 
and Herring 


2.7 1.2 1.1 1.4 0.7 0.8 0.8 0.0 0.4 0.1 0.1 0.0 0.8 


Pump-Back – 
Other species 


0.1 0.0 0.0 0.1 1.2 0.1 1.4 0.2 0.4 0.0 0.0 0.0 0.3 
 


Bad Creek (1992)              
Pump Back Total 0.1 0.5 0.1 0.0 0.0 0.2 0.2 0.3 0.4 0.3 0.5 0.2 0.2 
Pump Back – Shad 
and Herring 


0.1 0.5 0.1 0.0 0.0 0.2 0.2 0.0 0.2 0.0 0.5 0.2 0.2 


Pump-Back – 
Other Species 


0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.3 0.0 0.0 0.1 


Jocassee (2013) Pump Back             


 7.4 2.4 4.8 3.2 3.2 6.3 18.4 16.8 13.0 15.8 13.0 9.3 9.5 


Study assumption that almost all fish 
entrained were Shad 
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TABLE  6. FAIRFIELD STUDY SEASONAL ENTRAINMENT RATES (FISH/MILLION CF) FROM ENTRAINMENT DATABASE  STUDIES  


STUDY SITE WINTER SPRING SUMMER FALL ANNUAL MEAN 


Conventional Generation 
   


Richard B. Russell 13.8 0.9 0.7 1.2 4.2 


Jocassee 4.7 4.0 2.7 3.9 3.8 


Mean 9.2 2.5 1.7 2.6 
 


      
Pump Back Operation 


   
Richard B. Russell NA 24.5 49.2 40.0 39.5 


Bad Creek  2.8 2.9 2.3 0.7 2.2 


Bad Creek 0.5 0.1 0.5 0.8 0.5 


Jocassee 6.4 3.7 13.8 13.9 9.5 


Mean 3.2 6.3 16.4 11.5 
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TURBINE MORTALITY DATABASE 


The most frequently cited mortality factors relating to fish moving through Francis runners are 
runner speed, peripheral runner velocity, and cavitations (EPRI 1992). For a given turbine size, 
the faster the runner is rotating, the opening through which the fish must pass is effectively clear 
less often. Revolutions per minute (rpm) therefore indicate the frequency and duration of the 
opening between the turbine and the unit housing through which the fish pass. The amount of 
project head directly affects turbine mortality by dictating Francis turbine design and operating 
characteristics, such as peripheral runner velocity and cavitation, which in turn are believed to 
directly affect fish survival. Literature suggests that for large fish, the size of wicket gates and 
number of blades, along with operating efficiency, influence turbine mortality (EPRI 1992). 
While larger fish stand the greatest chance of experiencing mortality due to collision with turbine 
hardware, such as blades (Cada 1990), smaller fish are less likely to strike gates and stay vanes 
but are more prone to runner injury and hydraulically-related mortality, such as cavitation 
(Eicher 1987). 
 
The Parr Development has an operating head of 35 ft, six Francis turbines with a rotational speed 
of 100 rpm, and a hydraulic capacity of 1,000 cfs per unit.  The Fairfield Development has an 
operating head of 150 ft, eight Francis turbines with a rotational speed of 150 rpm and a 
hydraulic capacity of 5,225 cfs per unit. We reviewed the EPRI (1997) turbine mortality database 
(using turbine type, rated head, rated flow, speed of turbines, and fish species assessed) to 
identify potential source studies that could be used for this desktop analysis. We identified 
multiple projects for Parr (blue) and Fairfield (grey) that are presented in Table 7. We will use 
the data from each of these studies to develop turbine mortality estimates for each species or 
family that are anticipated to be entrained at the project. 
 


TABLE  7. COMPARISON OF PHYSICAL AND HYDRAULIC CHARACTERISTICS OF 
HYDROELECTRIC DAMS EQUIPPED WITH FRANCIS TURBINES AT WHICH TURBINE 
PASSAGE SURVIVAL WAS ESTIMATED   


  
STATION 


DESIGNED 
TURBINE 


FLOW (CFS) 


NUMBER 
OF 


BUCKETS 


RUNNER  
 SPEED 
(RPM) 


  
HEAD 
(FT) 


RUNNER  
DIAMETER 


(IN) 


FISH 
GROUPS 
TESTED 


Parr 1,000   100  35   n/a 


Fairfield 5,225  9  150 150 206  n/a 


       Alcona, MI 615 16 90 43 100 Warmwater 
Alcona, MI 1155 -1660 16 90 


 
100 Warmwater 


Bond Falls, MI 450   300 210   Warmwater 
Caldron Falls, WI ( Unit 1)     226 80 72 Warmwater 
Centralia, WI (Unit 1) 510 


    
Warmwater 


Centralia, WI (Unit 2) 510 
 


90 20 28 Warmwater 


Page 8 of 10 







  
STATION 


DESIGNED 
TURBINE 


FLOW (CFS) 


NUMBER 
OF 


BUCKETS 


RUNNER  
 SPEED 
(RPM) 


  
HEAD 
(FT) 


RUNNER  
DIAMETER 


(IN) 


FISH 
GROUPS 
TESTED 


Centralia, WI variable 
  


15.5 
 


Warmwater 
Columbia, SC 833 14 164 28 64 Warmwater 
Colton, NY 497 19 360 265 59 Warmwater 
Cushman Plant 2, WA 800 17 300 450 83 Salmoinds 
Cushman  Plant 2, WA (1960) 800 17 300 


 
83 Salmoinds 


E. J. West, NY 2,700 15 113 63 131 Warmwater 
Finch Pruyn, NY (Unit 4) 


   
9-16 41 Warmwater 


Finch Pruyn, NY (Unit 5) 
   


9-16 41 Warmwater 
Five Channels, MI 675 16 150 36 55 Warmwater 
Five Channels, MI 1034 -1167 16 150   55 Warmwater 
Grand Rapids, WI (U 1,2,4 
comb) 645 


 
90   


 
Warmwater 


Grand Rapids, WI (Unit 2) 645   150 28 58 Warmwater 
Grand Rapids, WI (Unit 4) 926   180 28 72 Warmwater 
Hardy, MI (Unit 2) 510 16 163.6 100.2 83.75 Warmwater 
Highley, NY 675 13 257 46 48 Warmwater 
Hoist, MI 300   360 142   Clupieds 
Holtwood, PA(U10/single 
runner) 3,500 16 94.7 62 149.5 Clupieds 
Holtwood, PA (U3/double 
runner) 3,500 17 102.8 62 112 Clupieds 
Holtwood, PA 3,500 16 95 55 164 Clupieds 
Luray, VA 369 12 164 18 62.75 Angulidae 
Minetto, NY 1,500 16 72 17 139 Warmwater 
Peshtigo, WI (Unit 4) 460 


 
100 13 80 Warmwater 


Potato Rapids, WI (Unit 1) 500 
 


123 17 84 Warmwater 
Potato Rapids, WI (Unit 2) 440 


 
135 17 80 Warmwater 


Pricket, MI 326 
 


257 54 53.5 Warmwater 
Rogers, MI (units 1 & 2) 383 15 150 39 60 Warmwater 
Ruskin, BC 4,000   120 130 149 Salmoinds 
Sandstone Rapids,WI     150 42 87 Warmwater 
Seton Creek, BC 4,500   120 150 114 Warmwater 
Shasta, WA 3,200 15 138.5 380 184 Warmwater 
Shasta, WA 3,200 15 138.5 


 
184 Warmwater 


Stevens Creek, SC 1,000 14 75 28 135 Warmwater 
Vernon, VT/NH 1,834 15 74 34 156 Warmwater 


 
SCE&G will hold a conference call with the Fisheries TWC within approximately two weeks of 
distribution of this Memo to discuss these proposed studies for the desktop analysis. 
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MEMORANDUM 
 


TO: Parr/Fairfield Fisheries Technical Working Committee 
 


FROM: Shane Boring and Henry Mealing 
 


DATE: October 22, 2014 
 


RE: Fish and Entrainment and Turbine Mortality Study 
Second Hold Point – Species Composition  


 
 
The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by 
the Fisheries Technical Working Committee (TWC) on December 19, 20131. The Plan identifies 
several "hold points" associated with completion of the study. The purpose of each hold point is 
to allow the TWC members an opportunity to review the study progress to date prior to 
proceeding to the next phase of the analysis. Hold Point One (memorandum issued June 12, 2014 
and revised October 20, 2014) focused on development of an entrainment and turbine mortality 
database for the Parr Project based on a review of projects that have had site-specific studies 
conducted and that are similar to the Parr Project. Hold Point One identified five studies that best 
matched the Parr Development for purposes of estimating entrainment: Gaston Shoals, Ninety-
nine Islands, Neal Shoals, Holliday’s Bridge, and Saluda Station. Similarly, three studies were 
identified for estimating entrainment at the Fairfield Development: Richard B. Russell, Jocassee, 
and Bad Creek.  Based on additional consultation with the U.S. Fish and Wildlife Service, 
Buzzard’s Roost was also considered but not included as a source study for entrainment 
estimates.         
 
This memo was prepared pursuant to the requirement of Hold Point Two and focuses on 
presenting the species composition of the each of the proposed reference studies. Monthly fish 
entrainment species composition for each of the Parr Development source studies is summarized 
below in Tables 1-12. For purposes of estimating species composition for the Fairfield 
Development, monthly species composition data for both generation and pumping at the Richard 
B. Russell Project are presented below in Tables 13 and 14, respectively. Monthly species 
composition for pumping at the Bad Creek Project is presented in Table 15.  
 
Upon agreement from the TWC, all numbers will be consolidated to prepare a separate species 
percent composition for the Parr and for the Fairfield developments. 
  


1 Plan was reviewed for the final time at the December 19, 2013, Fisheries TWC meeting, with the Final Study Plan 
distributed to the TWC on February 25, 2014.  
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TABLE 1 JANUARY SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
   


7 
 bluegill 


   
11 


 gizzard shad 
   


63 
 golden shiner 


   
2 


 northern hogsucker 
   


2 
 Piedmont darter 


   
2 


 sandbar shiner 
   


2 
 seagreen darter 


   
2 


 snail bullhead 
   


2 
 yellow perch       7   


Total 
   


100 
 Total Fish 


   
46 


  


TABLE 2 FEBRUARY SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


bluegill 36 1 
   bluehead chub 4 


    central stoneroller 4 
    channel catfish 8 69 


   creek chub 
 


1 
   gizzard shad 12 2 
 


64 
 golden shiner 


   
9 


 hybrid sunfish 8 
    largemouth bass 4 
    northern hogsucker 


 
1 


 
9 


 redbreast sunfish 4 
    redear sunfish 4 
    sandbar shiner 


   
9 


 seagreen darter 
   


9 
 shorthead redhorse 


 
1 


   silvery minnow 
 


1 
   striped jumprock 4 


    white catfish 8 21 
   white sucker 4 1 
   Total 100 100 
 


100 
 Total Fish 25 85 


 
11 
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TABLE 3 MARCH SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black redhorse 
  


53 
  blueback herring 


 
33 


   bluegill 50 
 


1 13 
 brown bullhead 


  
1 


  channel catfish 
 


8 1 
  common carp 


  
3 


  dollar sunfish 
  


1 
  flat bullhead 


   
2 


 gizzard shad 17 50 2 10 
 largemouth bass 


  
1 2 


 northern hogsucker 
  


1 2 
 Piedmont darter 


   
3 


 pumkinseed 
   


3 
 quillback 


  
1 


  redbreast sunfish 22 
 


12 2 
 redear sunfish 


  
1 


  redeye bass 
   


2 
 shorthead redhorse 


  
12 


  silver redhorse 
   


52 
 snail bullhead 


 
8 


   spottail shiner 
  


6 
  striped jumprock 


   
3 


 tesselated darter 
  


2 
  thicklip chub 6 


    threadfin shad 6 
 


3 
  v-lip redhorse 


   
2 


 white perch 
   


2 
 whitefin shiner 


   
3 


 
      Total 100 100 100 100 


 Total Fish 18 12 101 60 
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TABLE 4 APRIL SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
 


4 
   bluegill 8 22 
 


44 
 bluehead chub 1 


    brown bullhead 11 4 
   channel catfish 1 


    flat bullhead 2 
    gizzard shad 1 11 


   golden shiner 3 
  


3 
 hybrid sunfish 14 


    largemouth bass 1 
    margined madtom 2 
    Piedmont darter 


 
4 


 
3 


 pumkinseed 
   


3 
 quillback 


 
4 


   redbreast sunfish 8 
    redear sunfish 7 4 


 
8 


 redeye bass 
   


3 
 silver redhorse 1 7 


   smallfin redhorse 
 


11 
   snail bullhead 8 


    striped jumprock 26 22 
   threadfin shad 


 
4 


   warmouth 1 
  


5 
 white catfish 3 4 


   whitefin shiner 1 
  


33 
 


      Total 100 100 
 


100 
 Total Fish 89 27 


 
39 
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TABLE 5 MAY SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
  


5 2 
 black redhorse 


  
6 


  blackbanded darter 
  


1 
  blueback herring 


  
10 


  bluegill 40 20 13 65 
 bluehead chub 10 


    brown bullhead 
  


5 
  central stoneroller 10 


    channel catfish 20 
 


32 
  common carp 10 4 6 
  creekchub 10 


  
1 


 flat bullhead 
 


1 
   flier 


  
1 


  gizzard shad 
 


1 1 
  golden shiner 


 
1 


 
1 


 largemouth bass 
  


3 
  pumkinseed 


   
1 


 redbreast sunfish 
 


1 5 5 
 redear sunfish 


  
10 3 


 roseyface chub 
  


1 
  smallmouth bass 


 
1 


   snail bullhead 
 


14 
 


2 
 spottail shiner 


 
4 


   striped jumprock 
  


2 
  threadfin shad 


 
49 


 
1 


 v-lip redhorse 
   


1 
 warmouth 


   
3 


 white catfish 
   


1 
 whitefin shiner 


 
3 


 
15 


 yellow perch 
  


1 
  yellowfin shiner       1   


Total 100 100 100 100 
 Total Fish 10 77 172 124 
  


  


 Page 5 of 13  







TABLE 6 JUNE SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
    


2 
bluegill 9 40 


 
81 90 


brown bullhead 3 
    channel catfish 13 
  


4 
 common carp 2 


    fathead minnow 1 
    fieryblack shiner 2 
    flat bullhead 1 
    gizzard shad 


 
23 


   golden shiner 1 
  


1 
 green sunfish 


   
1 


 largemouth bass 
   


2 4 
margined madtom 1 


    redbreast sunfish 16 7 
 


1 
 redear sunfish 2 


  
1 


 redeye bass 
   


2 
 shorthead redhorse 


 
2 


   silver redhorse 1 
    smallfin redhorse 1 
    smallmouth bass 1 
    snail bullhead 36 5 


 
1 


 spottail shiner 1 5 
   striped jumprock 2 2 
   threadfin shad 


 
13 


   white catfish 8 
   


4 
whitefin shiner 


 
5 


 
5 


 yellow perch         2 
Total 100 100 


 
100 100 


Total Fish 134 62 
 


83 57 
 
TABLE 7  JULY SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


No Data for July 
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TABLE 8  AUGUST SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


American eel 
  


1 
  black redhorse 


  
9 


  black bullhead 
  


2 
  blueback herring 


  
3 


  bluegill 
  


6 
 


43 
brown bullhead 


  
5 


  channel catfish 
  


18 
 


7 
common carp 


  
6 


  gizzard shad 
  


5 
  largemouth bass 


  
3 


  redbreast sunfish 
  


1 
  redear sunfish 


  
4 


  river chub 
  


1 
  snail bullhead 


    
3 


spottail shiner 
  


12 
 


43 
striped jumprock 


  
1 


  threadfin shad 
  


15 
  white catfish 


  
5 


 
3 


white crappie 
  


1 
  whitefin shiner 


  
3 


  
      Total 


  
100 


 
100 


Total Fish 
  


114 
 


30 
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TABLE 9  SEPTEMBER SPECIES COMPOSITION FOR PARR  


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
   


3 3 
bluegill 34 33 


 
20 29 


channel catfish 36 14 
 


37 
 common carp 1 


    fieryblack shiner 
    


3 
flat bullhead 


    
7 


gizzard shad 
 


4 
   golden shiner 3 


  
13 


 largemouth bass 
 


2 
  


7 
Piedmont darter 1 


    redbreast sunfish 6 2 
 


3 
 redear sunfish 


   
3 


 sandbar shiner 
    


48 
shorthead redhorse 


 
4 


   snail bullhead 10 6 
   striped jumprock 1 2 
   threadfin shad 3 29 
   white catfish 1 


  
20 3 


white crappie 1 
    whitefin shiner 1 4 


   
      Total 100 100 


 
100 100 


Total Fish 70 51 
 


30 31 
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TABLE 10  OCTOBER SPECIES COMPOSITION FOR PARR  


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
 


4 
 


3 
 bluegill 


 
54 


 
45 72 


channel catfish 
 


8 
 


3 
 fieryblack shiner 


   
7 2 


flat bullhead 
 


2 
 


3 
 gizzard shad 


 
2 


  
2 


golden shiner 
 


2 
   redbreast sunfish 


 
6 


 
3 2 


redear sunfish 
 


2 
 


7 8 
redeye bass 


    
2 


smallfin redhorse 
 


2 
   snail bullhead 


 
2 


  
2 


spottail shiner 
    


2 
striped jumprock 


 
14 


   white catfish 
   


7 2 
white perch 


    
4 


whitebass 
    


4 
whitefin shiner   2   21   
Total 


 
100 


 
100 100 


Total Fish 
 


50 
 


29 53 
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TABLE 11  OCTOBER SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
 


5 
  


59 
bluegill 


 
5 


 
43 11 


channel catfish 20 2 
 


14 
 flat bullhead 


 
5 


   gizzard shad 20 47 
 


43 11 
northern hogsucker 


 
2 


   redbreast sunfish 
 


14 
   silver redhorse 20 


    snail bullhead 
 


2 
   striped jumprock 20 16 
   white crappie 20 


    white perch 
    


7 
whitesucker 


    
7 


yellow perch   2     4 
Total 100 100 


 
100 100 


Total Fish 5 43 
 


7 27 


TABLE 12 DECEMBER SPECIES COMPOSITION FOR PARR 


Species Gaston 
Shoals 


Ninety-nine 
Islands 


Neal 
Shoals 


Holliday’s 
Bridge 


Saluda 
Hydro 


black crappie 
   


8 
 bluegill 


   
19 


 channel catfish 14 
    gizzard shad 


   
62 83 


Piedmont darter 14 
  


3 
 smallfin redhorse 43 


    snail bullhead 14 
  


3 
 tesselated darter 14 


    white catfish 
    


3 
whitebass 


    
7 


yellow perch       5 7 
Total 100 


  
100 100 


Total Fish 7 
  


37 30 
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TABLE 13  RBR SPECIES COMPOSITION BY PERCENTAGE DURING CONVENTIONAL 
GENERATION 


Common Name JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
black crappie 


    
5 17 2 1 


    white crappie 
   


1 
 


2 
      blueback herring 10 4 21 30 41 31 9 24 5 24 1 1 


threadfin shad 87 96 17 17 2 15 64 66 78 28 95 84 
carp 


      
1 


  
2 


  spottail shiner 
  


1 
         brown bullhead 


      
2 


 
6 1 


 
6 


channel catfish 
    


1 
     


1 
 white catfish 


    
1 1 1 1 5 40 3 4 


yellow bullhead 
      


1 
     white perch 


  
1 5 9 1 


      yellow perch 3 1 59 41 39 29 16 3 3 3 
 


4 
bluegill 


   
4 2 3 3 3 2 2 


  
              


TABLE 14  RBR SPECIES COMPOSITION BY PERCENTAGE DURING PUMPBACK 


Common Name JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
 black crappie   


   
3 11 


        blueback herring   
   


7 68 0 2 3 1 
    bluegill   


    
1 


        channel catfish   
   


2 2 
    


1 
   creek chub   


     
1 


       spottail shiner   
   


2 1 6 
       spotted bass   


     
22 


       striped bass   
     


5 
       tesselated darter   


     
1 


       threadfin shad   
   


64 7 
 


97 96 98 97 
   white crappie   


     
2 


       white perch   
   


17 9 53 
       yellow bullhead   


     
7 


       yellow perch         3 1 2 
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TABLE 15 BAD CREEK SPECIES COMPOSITION 


Common Name JAN FEB MAR APR MAY JUN JUL AUG NOV DEC AVERAGE 
YEARLY 


blueback 
herring 6 20 24 30 18 65 30 9 100 85 34 
threadfin shad 89 78 72 61 20 23 18 1 0 9 29 
common carp         4 1         0 
golden shiner     


  
1 


 
        0 


white catfish     
 


2 18 2 14 41   
 


10 
flat bullhead         1     2     0 
channel catfish     


 
  1 


 
  


 
    0 


brown trout       
 


2 1         0 
redbreast 
sunfish       


 
3 


 
6 13 


  
3 


warmouth       2 4 1 2       1 
bluegill       2 24 7 30 32   5 18 
largemouth 
bass         1 


 
  


 
    0 


black crappie       
 


1 
 


      
 


1 
yellow perch 5 2 3 2 2     1 


  
1 


            Total Fish 100 100 100 100 100 100 100 100 100 100 100 
 
*average of data for years 1991 and 1992 
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ATTACHMENT 1 


PARR MONTHLY SPECIES COMPOSITION 


 







January
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %
black crappie 3 6.5 3 6.5
bluegill 5 10.9 5 10.9
gizzard shad 29 63.0 29 63.0
golden shiner 1 2.2 1 2.2
northern hogsucker 1 2.2 1 2.2
Piedmont darter 1 2.2 1 2.2
sandbar shiner 1 2.2 1 2.2
seagreen darter 1 2.2 1 2.2
snail bullhead 1 2.2 1 2.2
yellow perch 3 6.5 3 6.5
TOTAL 46 100 46 100


Gaston Shoals Ninety-nine 
I l d


Neal Shoals Hollidays Bridge Saluda Hydro Total


 







February
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


bluegill 9 36.0 1 1.2 10 8.3
bluehead chub 1 4.0 1 0.8
central stoneroller 1 4.0 1 0.8
channel catfish 2 8.0 59 69.4 61 50.4
creek chub 1 1.2 1 0.8
gizzard shad 3 12.0 2 2.4 7 63.6 12 9.9
golden shiner 1 9.1 1 0.8
hybrid sunfish 2 8.0 2 1.7
largemouth bass 1 4.0 1 0.8
northern hogsucker 1 1.2 1 9.1 2 1.7
redbreast sunfish 1 4.0 1 0.8
redear sunfish 1 4.0 1 0.8
sandbar shiner 1 9.1 1 0.8
seagreen darter 1 9.1 1 0.8
shorthead redhorse 1 1.2 1 0.8
silvery minnow 1 1.2 1 0.8
striped jumprock 1 4.0 1 0.8
white catfish 2 8.0 18 21.2 20 16.5
white sucker 1 4.0 1 1.2 2 1.7
TOTAL 25 100 85 100 11 100 121 100


TotalGaston Shoals Ninety-nine Neal Shoals Hollidays Bridge Saluda Hydro


 







March
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black redhorse 53 52.5 53 27.7
blueback herring 4 33.3 4 2.1
bluegill 9 50.0 1 1.0 8 13.3 18 9.4
brown bullhead 1 1.0 1 0.5
channel catfish 1 8.3 1 1.0 2 1.0
common carp 3 3.0 3 1.6
dollar sunfish 1 1.0 1 0.5
flat bullhead 1 1.7 1 0.5
gizzard shad 3 16.7 6 50.0 2 2.0 6 10.0 17 8.9
largemouth bass 1 1.0 1 1.7 2 1.0
northern hogsucker 1 1.0 1 1.7 2 1.0
Piedmont darter 2 3.3 2 1.0
pumkinseed 2 3.3 2 1.0
quillback 1 1.0 1 0.5
redbreast sunfish 4 22.2 12 11.9 1 1.7 17 8.9
redear sunfish 1 1.0 1 0.5
redeye bass 1 1.7 1 0.5
shorthead redhorse 12 11.9 12 6.3
silver redhorse 31 51.7 31 16.2
snail bullhead 1 8.3 1 0.5
spottail shiner 6 5.9 6 3.1
striped jumprock 2 3.3 2 1.0
tesselated darter 2 2.0 2 1.0
thicklip chub 1 5.6 1 0.5
threadfin shad 1 5.6 3 3.0 4 2.1
v-lip redhorse 1 1.7 1 0.5
white perch 1 1.7 1 0.5
whitefin shiner 2 3.3 2 1.0
TOTAL 18 100 12 100 101 100 60 100 191 100
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April
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black crappie 1 3.7 1 0.6
bluegill 7 7.8 6 22.2 17 43.6 30 19.2
bluehead chub 1 1.1 1 0.6
brown bullhead 10 11.1 1 3.7 11 7.1
channel catfish 1 1.1 1 0.6
flat bullhead 2 2.2 2 1.3
gizzard shad 1 1.1 3 11.1 4 2.6
golden shiner 3 3.3 1 2.6 4 2.6
hybrid sunfish 12 13.3 12 7.7
largemouth bass 1 1.1 1 0.6
margined madtom 2 2.2 2 1.3
Northern hogsucker 1 1.1 1 0.6
Piedmont darter 1 3.7 1 2.6 2 1.3
pumkinseed 1 2.6 1 0.6
quillback 1 3.7 1 0.6
redbreast sunfish 7 7.8 7 4.5
redear sunfish 6 6.7 1 3.7 3 7.7 10 6.4
redeye bass 1 2.6 1 0.6
silver redhorse 1 1.1 2 7.4 3 1.9
smallfin redhorse 3 11.1 3 1.9
snail bullhead 7 7.8 7 4.5
striped jumprock 23 25.6 6 22.2 29 18.6
threadfin shad 1 3.7 1 0.6
warmouth 1 1.1 2 5.1 3 1.9
white catfish 3 3.3 1 3.7 4 2.6
whitefin shiner 1 1.1 13 33.3 14 9.0
TOTAL 90 100 27 100 39 100 156 100
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May
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black crappie 8 4.7 2 1.6 10 2.6
black redhorse 11 6.4 11 2.9
blackbanded darter 1 0.6 1 0.3
blueback herring 17 9.9 17 4.4
bluegill 4 40.0 15 19.5 23 13.4 80 64.5 122 31.9
bluehead chub 1 10.0 1 0.3
brown bullhead 9 5.2 9 2.3
central stoneroller 1 10.0 1 0.3
channel catfish 2 20.0 55 32.0 57 14.9
common carp 1 10.0 3 3.9 10 5.8 14 3.7
creek chub 1 10.0 1 0.8 2 0.5
flat bullhead 1 1.3 1 0.3
flier 1 0.6 1 0.3
gizzard shad 1 1.3 1 0.6 2 0.5
golden shiner 1 1.3 1 0.8 2 0.5
largemouth bass 5 2.9 5 1.3
pumkinseed 1 0.8 1 0.3
redbreast sunfish 1 1.3 8 4.7 6 4.8 15 3.9
redear sunfish 17 9.9 4 3.2 21 5.5
roseyface chub 2 1.2 2 0.5
smallmouth bass 1 1.3 1 0.3
snail bullhead 11 14.3 2 1.6 13 3.4
spottail shiner 3 3.9 3 0.8
striped jumprock 3 1.7 3 0.8
threadfin shad 38 49.4 1 0.8 39 10.2
v-lip redhorse 1 0.8 1 0.3
warmouth 4 3.2 4 1.0
white catfish 1 0.8 1 0.3
whitefin shiner 2 2.6 19 15.3 21 5.5
yellow perch 1 0.6 1 0.3
yellowfin shiner 1 0.8 1 0.3
TOTAL 10 100 77 100 172 100 124 100 383 100
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June
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black crappie 1 1.8 1 0.3
bluegill 12 9.0 25 40.3 67 80.7 51 89.5 155 46.1
brown bullhead 4 3.0 4 1.2
channel catfish 17 12.7 3 3.6 20 6.0
common carp 3 2.2 3 0.9
fathead minnow 1 0.7 1 0.3
fieryblack shiner 3 2.2 3 0.9
flat bullhead 1 0.7 1 0.3
gizzard shad 14 22.6 14 4.2
golden shiner 1 0.7 1 1.2 2 0.6
green sunfish 1 1.2 1 0.3
largemouth bass 2 2.4 2 3.5 4 1.2
margined madtom 1 0.7 1 0.3
redbreast sunfish 22 16.4 4 6.5 1 1.2 27 8.0
redear sunfish 3 2.2 1 1.2 4 1.2
redeye bass 2 2.4 2 0.6
shorthead redhorse 1 1.6 1 0.3
silver redhorse 1 0.7 1 0.3
smallfin redhorse 1 0.7 1 0.3
smallmouth bass 1 0.7 1 0.3
snail bullhead 48 35.8 3 4.8 1 1.2 52 15.5
spottail shiner 1 0.7 3 4.8 4 1.2
striped jumprock 3 2.2 1 1.6 4 1.2
threadfin shad 8 12.9 8 2.4
white catfish 11 8.2 2 3.5 13 3.9
whitefin shiner 3 4.8 4 4.8 7 2.1
yellow perch 1 1.8 1 0.3
TOTAL 134 100 62 100 83 100 57 100 336 100
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July 







No Data 
 
August
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


American eel 1 0.9 1 0.7
black redhorse 10 8.8 10 6.9
black bullhead 2 1.8 2 1.4
blueback herring 3 2.6 3 2.1
bluegill 7 6.1 13 43.3 20 13.9
brown bullhead 6 5.3 6 4.2
channel catfish 21 18.4 2 6.7 23 16.0
common carp 7 6.1 7 4.9
gizzard shad 6 5.3 6 4.2
largemouth bass 3 2.6 3 2.1
redbreast sunfish 1 0.9 1 0.7
redear sunfish 4 3.5 4 2.8
river chub 1 0.9 1 0.7
snail bullhead 1 3.3 1 0.7
spottail shiner 14 12.3 13 43.3 27 18.8
striped jumprock 1 0.9 1 0.7
threadfin shad 17 14.9 17 11.8
white catfish 6 5.3 1 3.3 7 4.9
white crappie 1 0.9 1 0.7
whitefin shiner 3 2.6 3 2.1
TOTAL 114 100 30 100 144 100
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September
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black crappie 1 3.3 1 3.2 2 1.1
bluegill 24 34.3 17 33.3 6 20.0 9 29.0 56 30.8
channel catfish 25 35.7 7 13.7 11 36.7 43 23.6
common carp 1 1.4 1 0.5
fieryblack shiner 1 3.2 1 0.5
flat bullhead 2 6.5 2 1.1
gizzard shad 2 3.9 2 1.1
golden shiner 2 2.9 4 13.3 6 3.3
largemouth bass 1 2.0 2 6.5 3 1.6
Piedmont darter 1 1.4 1 0.5
redbreast sunfish 4 5.7 1 2.0 1 3.3 6 3.3
redear sunfish 1 3.3 1 0.5
sandbar shiner 15 48.4 15 8.2
shorthead redhorse 2 3.9 2 1.1
snail bullhead 7 10.0 3 5.9 10 5.5
striped jumprock 1 1.4 1 2.0 2 1.1
threadfin shad 2 2.9 15 29.4 17 9.3
white catfish 1 1.4 6 20.0 1 3.2 8 4.4
white crappie 1 1.4 1 0.5
whitefin shiner 1 1.4 2 3.9 3 1.6
TOTAL 70 100 51 100 30 100 31 100 182 100
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October
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black crappie 2 4.0 1 3.4 3 2.3
bluegill 27 54.0 13 44.8 38 71.7 78 59.1
channel catfish 4 8.0 1 3.4 5 3.8
fieryblack shiner 2 6.9 1 1.9 3 2.3
flat bullhead 1 2.0 1 3.4 2 1.5
gizzard shad 1 2.0 1 1.9 2 1.5
golden shiner 1 2.0 1 0.8
redbreast sunfish 3 6.0 1 3.4 1 1.9 5 3.8
redear sunfish 1 2.0 2 6.9 4 7.5 7 5.3
redeye bass 1 1.9 1 0.8
smallfin redhorse 1 2.0 1 0.8
snail bullhead 1 2.0 1 1.9 2 1.5
spottail shiner 1 1.9 1 0.8
striped jumprock 7 14.0 7 5.3
white bass 2 3.8 2 1.5
white catfish 2 6.9 1 1.9 3 2.3
white perch 2 3.8 2 1.5
whitefin shiner 1 2.0 6 20.7 7 5.3
TOTAL 50 100 29 100 53 100 132 100
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November
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black crappie 2 4.7 3 11.1 5 6.1
bluegill 2 4.7 3 43 2 7.4 7 8.5
channel catfish 1 20.0 1 2.3 1 14 3 3.7
flat bullhead 2 4.7 2 2.4
gizzard shad 1 20.0 20 46.5 3 43 16 59.3 40 48.8
Northern hogsucker 1 2.3 1 1.2
redbreast sunfish 6 14.0 6 7.3
silver redhorse 1 20.0 1 1.2
snail bullhead 1 2.3 1 1.2
striped jumprock 1 20.0 7 16.3 8 9.8
white crappie 1 20.0 1 1.2
white perch 3 11.1 3 3.7
white sucker 1 3.7 1 1.2
yellow perch 1 2.3 2 7.4 3 3.7
TOTAL 5 100 43 100 7 100 27 100 82 100
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December
Species


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


black crappie 3 8.1 3 4.1
bluegill 7 18.9 7 9.5
channel catfish 1 14.3 1 1.4
gizzard shad 23 62.2 25 83.3 48 64.9
Piedmont darter 1 14.3 1 2.7 2 2.7
smallfin redhorse 3 42.9 3 4.1
snail bullhead 1 14.3 1 2.7 2 2.7
tesselated darter 1 14.3 1 1.4
white bass 2 6.7 2 2.7
white catfish 1 3.3 1 1.4
yellow perch 2 5.4 2 6.7 4 5.4
TOTAL 7 100 37 100 30 100 74 100
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ATTACHMENT 2 


PARR ANNUAL SPECIES COMPOSITION 


 







Common Name
No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


Bluegill 5 10.9 10 8.3 18 9.4 30 19.2 122 31.9 155 46.1 20 13.9 56 30.8 78 59.1 7 8.5 7 9.5 508 27.5
Channel Catfish 61 50.4 2 1.0 1 0.6 57 14.9 20 6.0 23 16.0 43 23.6 5 3.8 3 3.7 1 1.4 216 11.7
Gizzard Shad 29 63.0 12 9.9 17 8.9 4 2.6 2 0.5 14 4.2 6 4.2 2 1.1 2 1.5 40 48.8 48 64.9 176 9.5
Snail Bullhead 1 2.2 1 0.5 7 4.5 13 3.4 52 15.5 1 0.7 10 5.5 2 1.5 1 1.2 2 2.7 90 4.9
Threadfin Shad 4 2.1 1 0.6 39 10.2 8 2.4 17 11.8 17 9.3 86 4.7
Redbreast Sunfish 1 0.8 17 8.9 7 4.5 15 3.9 27 8.0 1 0.7 6 3.3 5 3.8 6 7.3 85 4.6
Black Redhorse 53 27.7 11 2.9 10 6.9 74 4.0
Whitefin Shiner 2 1.0 14 9.0 21 5.5 7 2.1 3 2.1 3 1.6 7 5.3 4 5.4 61 3.3
Striped Jumprock 1 0.8 2 1.0 29 18.6 3 0.8 4 1.2 1 0.7 2 1.1 7 5.3 8 9.8 57 3.1
White Catfish 20 16.5 4 2.6 1 0.3 13 3.9 7 4.9 8 4.4 3 2.3 1 1.4 57 3.1
Redear Sunfish 1 0.8 1 0.5 10 6.4 21 5.5 4 1.2 4 2.8 1 0.5 7 5.3 49 2.7
Spottail Shiner 6 3.1 3 0.8 4 1.2 27 18.8 1 0.8 41 2.2
Silver Redhorse 31 16.2 3 1.9 1 0.3 1 1.2 36 1.9
Brown Bullhead 1 0.5 11 7.1 9 2.3 4 1.2 6 4.2 31 1.7
Black Crappie 3 6.5 1 0.6 10 2.6 1 0.3 2 1.1 3 2.3 5 6.1 3 4.1 28 1.5
Common Carp 3 1.6 14 3.7 3 0.9 7 4.9 1 0.5 28 1.5
Blueback Herring 4 2.1 17 4.4 3 2.1 24 1.3
Largemouth Bass 1 0.8 2 1.0 1 0.6 5 1.3 4 1.2 3 2.1 3 1.6 19 1.0
Golden Shiner 1 2.2 1 0.8 4 2.6 2 0.5 2 0.6 6 3.3 1 0.8 17 0.9
Sandbar Shiner 1 2.2 1 0.8 15 8.2 17 0.9
Shorthead Redhorse 1 0.8 12 6.3 1 0.3 2 1.1 16 0.9
Hybrid Sunfish 2 1.7 12 7.7 14 0.8
Flat Bullhead 1 0.5 2 1.3 1 0.3 1 0.3 2 1.1 2 1.5 2 2.4 11 0.6
Piedmont Darter 1 2.2 2 1.0 2 1.3 1 0.5 2 2.7 8 0.4
Smallfin Redhorse 3 1.9 1 0.3 1 0.8 3 4.1 8 0.4
Yellow Perch 3 6.5 1 0.3 1 0.3 3 3.7 8 0.4
Fieryblack Shiner 3 0.9 1 0.5 3 2.3 7 0.4
Northern Hogsucker 1 2.2 2 1.7 2 1.0 1 0.6 1 1.2 7 0.4
Warmouth 3 1.9 4 1.0 7 0.4
White Perch 1 0.5 2 1.5 3 3.7 6 0.3
Redeye Bass 1 0.5 1 0.6 2 0.6 1 0.8 5 0.3
Pumkinseed 2 1.0 1 0.6 1 0.3 4 0.2
White Bass 2 1.5 2 2.7 4 0.2
Bluehead Chub 1 0.8 1 0.6 1 0.3 3 0.2
Creek Chub 1 0.8 2 0.5 3 0.2
Margined Madtom 2 1.3 1 0.3 3 0.2
Tesselated Darter 2 1.0 1 1.4 3 0.2
White Crappie 1 0.7 1 0.5 1 1.2 3 0.2
White Sucker 2 1.7 1 1.2 3 0.2
Black Bullhead 2 1.4 2 0.1
Central Stoneroller 1 0.8 1 0.3 2 0.1
Quillback 1 0.5 1 0.6 2 0.1
Roseyface Chub 2 0.5 2 0.1
Seagreen Darter 1 2.2 1 0.8 2 0.1
Smallmouth Bass 1 0.3 1 0.3 2 0.1
V-Lip Redhorse 1 0.5 1 0.3 2 0.1
American Eel 1 0.7 1 0.1
Blackbanded Darter 1 0.3 1 0.1
Dollar Sunfish 1 0.5 1 0.1
Fathead Minnow 1 0.3 1 0.1
Flier 1 0.3 1 0.1
Green Sunfish 1 0.3 1 0.1
River Chub 1 0.7 1 0.1
Silvery Minnow 1 0.8 1 0.1
Thicklip Chub 1 0.5 1 0.1
Yellowfin Shiner 1 0.3 1 0.1
Total 46 100 121 100 191 100 156 100 383 100 336 100 0 0 144 100 182 100 132 100 82 100 74 100 1847 100
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ATTACHMENT 3 


FAIRFIELD: RBR MONTHLY SPECIES COMPOSITION DURING 


CONVENTIONAL AND PUMPBACK OPERATION 


 







Conventional
Common Name JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual


% % % % % % % % % % % % %
Threadfin Shad 86.798 95.520 17.048 17.031 1.698 15.139 64.410 66.436 78.329 28.024 94.987 83.700 87.244
Blueback Herring 10.093 3.521 21.222 29.502 41.176 30.836 8.507 24.185 5.218 24.152 0.793 1.070 6.651
Yellow Perch 2.778 0.903 59.092 41.451 38.701 28.765 15.677 3.160 2.682 3.128 0.342 4.360 4.039
White Catfish 0.110 0.025 0.402 0.225 0.718 1.005 1.107 1.499 5.019 39.807 2.646 3.800 0.754
Bluegill 0.074 0.009 0.479 4.354 1.726 2.968 3.414 3.120 2.358 1.596 0.122 0.320 0.347
Brown Bullhead 0.000 0.000 0.016 0.000 0.129 0.081 2.375 0.000 5.812 0.927 0.032 6.140 0.268
Black Crappie 0.024 0.002 0.106 0.372 5.288 17.490 1.871 0.709 0.000 0.000 0.064 0.040 0.222
White Perch 0.000 0.009 0.830 4.701 9.137 0.942 0.071 0.000 0.044 0.000 0.039 0.000 0.214
Channel Catfish 0.014 0.002 0.000 0.026 0.526 0.081 0.075 0.229 0.207 0.097 0.837 0.110 0.069
Spottail Shiner 0.057 0.006 0.579 0.411 0.308 0.187 0.000 0.000 0.000 0.000 0.000 0.230 0.042
White Crappie 0.000 0.000 0.000 1.154 0.071 1.610 0.056 0.129 0.000 0.000 0.000 0.000 0.040
Carp 0.000 0.000 0.000 0.062 0.030 0.238 0.943 0.049 0.086 1.707 0.000 0.030 0.033
Gizzard Shad 0.008 0.001 0.058 0.042 0.000 0.067 0.496 0.070 0.163 0.369 0.023 0.040 0.020
Yellow Bullhead 0.024 0.000 0.000 0.000 0.000 0.000 0.642 0.000 0.000 0.000 0.000 0.000 0.011
Warmouth 0.008 0.000 0.000 0.133 0.117 0.000 0.000 0.040 0.061 0.000 0.000 0.030 0.010
Flathead Catfish 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.097 0.092 0.050 0.007
Hybrid Bass 0.003 0.000 0.107 0.081 0.133 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.006
Black Bullhead 0.000 0.000 0.016 0.096 0.000 0.207 0.000 0.262 0.000 0.000 0.000 0.000 0.004
Spotted Bass 0.000 0.000 0.000 0.000 0.000 0.069 0.000 0.080 0.000 0.000 0.009 0.000 0.003
Green Sunfish 0.000 0.000 0.000 0.015 0.021 0.106 0.056 0.000 0.000 0.000 0.000 0.000 0.002
Snail Bullhead 0.000 0.000 0.000 0.000 0.000 0.071 0.000 0.000 0.000 0.000 0.000 0.050 0.002
Striped Bass 0.000 0.000 0.030 0.035 0.027 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002
Largemouth Bass 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.022 0.097 0.000 0.000 0.002
Redbreast Sunfish 0.000 0.000 0.000 0.023 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000 0.002
Golden Shiner 0.003 0.000 0.000 0.044 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Silver Redhorse 0.000 0.000 0.000 0.005 0.074 0.000 0.000 0.000 0.000 0.000 0.000 0.020 0.001
Tesselated Darter 0.000 0.000 0.000 0.000 0.106 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Whitefin Shiner 0.000 0.000 0.000 0.008 0.000 0.000 0.061 0.000 0.000 0.000 0.000 0.000 0.001
Longnose Gar 0.002 0.000 0.000 0.000 0.000 0.067 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Rainbow Trout 0.000 0.000 0.000 0.000 0.000 0.000 0.071 0.000 0.000 0.000 0.000 0.000 0.001
Walleye 0.000 0.001 0.000 0.012 0.000 0.000 0.169 0.000 0.000 0.000 0.000 0.000 0.001
Northern Hogsucker 0.000 0.000 0.000 0.000 0.000 0.073 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Smallmouth Bass 0.000 0.000 0.000 0.022 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
White Bass 0.000 0.000 0.015 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Coosa Bass 0.000 0.000 0.000 0.000 0.015 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Blackbanded Darter 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Total 100 100 100 100 100 100 100 100 100 100 100 100 100







Pumpback
Common Name JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Total


No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %
 Threadfin Shad  65968.34 64.33 17953.99 7.24 0.00 0.00 736668.82 96.60 1302574.28 96.26 880021.42 98.01 417382.73 97.44 3420569.59 88.772
 Blueback Herring  7648.02 7.46 167784.34 67.64 0.00 0.00 14322.97 1.88 41100.96 3.04 9253.95 1.03 1901.62 0.44 242011.86 6.281
 White Perch  17904.00 17.46 22086.28 8.90 32267.70 53.33 1324.07 0.17 2064.03 0.15 1188.40 0.13 1203.62 0.28 78038.12 2.025
 Black Crappie  3012.52 2.94 27821.94 11.22 0.00 0.00 2430.49 0.32 2379.90 0.18 1006.57 0.11 461.66 0.11 37113.08 0.963
 Channel Catfish  1958.78 1.91 4208.82 1.70 10.26 0.02 665.06 0.09 904.04 0.07 2091.07 0.23 3742.78 0.87 13580.80 0.352
 Spotted Bass  0.00 0.00 0.00 0.00 13117.41 21.68 0.00 0.00 10.89 0.00 123.39 0.01 0.00 0.00 13251.69 0.344
 Yellow Perch  2726.30 2.66 2565.38 1.03 1354.32 2.24 1281.75 0.17 1481.31 0.11 175.34 0.02 296.78 0.07 9881.18 0.256
 Bluegill  350.18 0.34 2722.07 1.10 0.00 0.00 2666.29 0.35 942.16 0.07 1331.27 0.15 857.38 0.20 8869.34 0.230
 Spottail Shiner  2078.70 2.03 1570.56 0.63 3888.54 6.43 423.22 0.06 266.85 0.02 0.00 0.00 76.94 0.02 8304.82 0.216
 Yellow Bullhead  0.00 0.00 10.93 0.00 4170.69 6.89 0.00 0.00 21.78 0.00 0.00 0.00 0.00 0.00 4203.41 0.109
 Striped Bass  353.38 0.34 404.48 0.16 2898.45 4.79 42.32 0.01 81.69 0.01 58.45 0.01 60.46 0.01 3899.23 0.101
 Gizzard Shad  79.95 0.08 47.37 0.02 12.83 0.02 2200.74 0.29 283.19 0.02 759.80 0.08 401.21 0.09 3785.09 0.098
 White Cate'Ish  68.76 0.07 178.56 0.07 0.00 0.00 120.92 0.02 364.88 0.03 1253.34 0.14 1527.89 0.36 3514.35 0.091
 White Crappie  36.78 0.04 225.93 0.09 1143.99 1.89 0.00 0.00 27.23 0.00 64.94 0.01 0.00 0.00 1498.87 0.039
 Largemouth Bass  0.00 0.00 0.00 0.00 0.00 0.00 126.97 0.02 462.91 0.03 331.19 0.04 175.87 0.04 1096.94 0.028
 Tesselated Darter  0.00 0.00 0.00 0.00 371.93 0.61 126.97 0.02 49.01 0.00 0.00 0.00 0.00 0.00 547.91 0.014
 Hybrid Bass  228.66 0.22 218.64 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32.98 0.01 480.27 0.012
 Creek Chub  8.00 0.01 0.00 0.00 382.19 0.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 390.18 0.010
 Striped Killifish  0.00 0.00 14.58 0.01 251.37 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 265.95 0.007
 Warmouth  23.99 0.02 109.32 0.04 0.00 0.00 0.00 0.00 38.12 0.00 25.98 0.00 16.49 0.00 213.89 0.006
 Whitefin Shiner  0.00 0.00 0.00 0.00 130.82 0.22 0.00 0.00 16.34 0.00 0.00 0.00 60.46 0.01 207.61 0.005
 Brown Bullhead  22.39 0.02 0.00 0.00 0.00 0.00 42.32 0.01 54.46 0.00 51.95 0.01 32.98 0.01 204.10 0.005
 White Bass  3.20 0.00 0.00 0.00 110.30 0.18 0.00 0.00 16.34 0.00 6.49 0.00 0.00 0.00 136.33 0.004
 Black Bullhead  4.80 0.00 10.93 0.00 0.00 0.00 18.14 0.00 0.00 0.00 84.42 0.01 16.49 0.00 134.78 0.003
 Golden Shiner  65.56 0.06 0.00 0.00 0.00 0.00 24.18 0.00 32.68 0.00 0.00 0.00 10.99 0.00 133.41 0.003
 Chain Pickerel  0.00 0.00 0.00 0.00 94.91 0.16 18.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 113.04 0.003
 Redbreast  0.00 0.00 25.51 0.01 28.22 0.05 36.28 0.00 16.34 0.00 0.00 0.00 0.00 0.00 106.34 0.003
 Redbreast Sunfish  0.00 0.00 0.00 0.00 94.91 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 94.91 0.002
 Carp  0.00 0.00 0.00 0.00 92.34 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 92.34 0.002
 Silver Redhorse  0.00 0.00 7.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 82.44 0.02 89.73 0.002
 Green Sunfish  11.19 0.01 58.30 0.02 10.26 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 79.76 0.002
 Redear  0.00 0.00 14.58 0.01 7.70 0.01 12.09 0.00 21.78 0.00 19.48 0.00 0.00 0.00 75.63 0.002
 Flathead Catfish  0.00 0.00 0.00 0.00 10.26 0.02 0.00 0.00 16.34 0.00 38.96 0.00 0.00 0.00 65.56 0.002
 River Chub  0.00 0.00 18.22 0.01 35.91 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 54.13 0.001
 Longnose Gar  0.00 0.00 0.00 0.00 0.00 0.00 36.28 0.00 0.00 0.00 6.49 0.00 0.00 0.00 42.77 0.001
 Flier  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.34 0.00 0.00 0.00 0.00 0.00 16.34 0.000
 Blackbanded Darter  0.00 0.00 14.58 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.58 0.000
 Blue Catfish  0.00 0.00 0.00 0.00 7.70 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.70 0.000
 Coosa Bass  0.00 0.00 0.00 0.00 5.13 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.13 0.000
 Northern Hogsucker  0.00 0.00 0.00 0.00 5.13 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.13 0.000
 Margined Madtom  0.00 0.00 0.00 0.00 2.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.57 0.000
 Pumpkinseed  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
 River Carpsucker  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000


TOTAL 102553.46 100.00 248072.59 100.00 60505.79 100.00 762588.03 100.00 1353243.86 100.00 897892.91 100.00 428341.75 100.00 3853198.39 100.00  







ATTACHMENT 4 


FAIRFIELD: BAD CREEK MONTHLY SPECIES COMPOSITION DURING 


PUMPBACK OPERATION 


 







Common Name
No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish % No. Fish %


Blueback herring 87 5.60 521 20.46 232 24.18 1013 30.17 646 17.61 2220 65.40 2778 29.56 177 8.74 1466 27.93 410 27.56 2242 99.89 679 84.88 12468 34.01
Threadfin shad 1380 89.35 1984 77.95 694 72.43 2047 61.00 747 20.36 779 22.93 1694 18.03 24 1.19 1298 24.73 1 0.04 74 9.19 10719 29.24
Bluegill 58 1.73 864 23.57 221 6.51 2831 30.12 646 31.90 1563 29.78 539 36.24 40 5.00 6761 18.44
White catfish 3 0.31 66 1.97 671 18.30 67 1.97 1286 13.68 837 41.31 543 10.35 308 20.71 1 0.13 3781 10.31
Redbreast sunfish 9 0.27 110 3.00 5 0.13 607 6.45 261 12.86 176 3.35 1 0.02 1 0.13 1168 3.18
Warmouth 62 1.85 156 4.24 32 0.93 203 2.16 25 0.47 26 1.71 502 1.37
Yellow perch 78 5.05 41 1.59 28 2.92 75 2.22 74 2.00 28 1.36 38 0.71 1 0.02 4 0.44 364 0.99
Black crappie 9 0.27 37 1.00 1 0.01 11 0.21 205 13.78 2 0.25 264 0.72
Common carp 139 3.78 27 0.80 6 0.10 171 0.47
Brown trout 9 0.27 75 2.03 18 0.52 101 0.28
Flat bullhead 28 0.75 48 2.35 75 0.20
Largemouth bass 19 0.50 9 0.25 2 0.07 38 0.71 66 0.18
White bass 1 0.03 5 0.15 57 1.08 1 0.02 63 0.17
Channel catfish 1 0.05 30 0.82 5 0.13 2 0.07 37 0.10
Whitefin shiner 10 0.27 25 0.47 35 0.09
Golden shiner 1 0.10 9 0.27 19 0.50 5 0.13 33 0.09
Blackbanded darter 9 0.25 5 0.13 2 0.07 15 0.04
Spottail shiner 9 0.25 9 0.02
Yellowfin shiner 9 0.25 9 0.02
Quillback 9 0.25 9 0.02
Redear sunfish 9 0.25 9 0.02
Redeye bass 6 0.10 6 0.02
Green sunfish 2 0.07 2 0.00
Total 1545 100 2545 100 958 100 3356 100 3666 100 3395 100 9397 100 2025 100 5247 100 1488 100 2245 100 800 100 36663 100


JuneJanuary February March April Average YearJuly August September October November DecemberMay


 







MEMORANDUM 
 


TO: Parr/Fairfield Fisheries Technical Working Committee 
 


FROM: Henry Mealing and Jordan Johnson 
 


DATE: December 15, 2014 
 


RE: Fish Entrainment and Turbine Mortality Study 
Third Hold Point – Annual Entrainment Estimation  


 
 
The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by 
the Fisheries Technical Working Committee (TWC) on December 19, 2013. The Plan identified 
several "hold points" associated with completion of the study. The purpose of each hold point is 
to allow the TWC members an opportunity to review the study progress to date prior to 
proceeding to the next phase of the analysis.  Two previous memoranda have been issued, which 
include:  


• Hold Point One memo focused on creation of an entrainment database and turbine 
mortality database for the Parr and Fairfield developments based on a review of 
entrainment and mortality studies conducted at projects similar to the two developments. 
Hold Point One memo also proposed entrainment rates for the Parr and Fairfield 
developments. 


• Hold Point Two memo presented species composition data for use with entrainment 
estimates at the Parr and Fairfield developments. 


 
This memo presents Hold Point Three, which includes: 


• an annual fish entrainment estimate (Parr conventional generation, Fairfield conventional 
generation, and Fairfield pumpback operation) based on the proposed entrainment rates 
presented in the Hold Point One memo; 


• the final proposed species/family group composition for Parr and Fairfield developments 
based on the species composition information presented in Hold Point Two; and 


• the annual fish entrainment estimate by species/family group composition. 
 
  


 Page 1 of 7  







Parr Development Seasonal and Annual Entrainment Estimates 
 
Total monthly project flows for the Parr development were determined based on operation 
records from 2000 through 2010 and are presented in Table 1. The seasonal fish entrainment 
rates were then multiplied with the project flow to yield a monthly fish entrainment estimate. 
These were summed both seasonally and annually (Table 1). 
 


TABLE 1 ESTIMATED NUMBER OF FISH ENTRAINED  MONTHLY, SEASONALLY, AND 
ANNUALLY AT THE PARR DEVELOPMENT BASED ON HISTORIC PROJECT 
OPERATIONS 


 


Month 
 
 


Seasonal 
Entrainment 


Rate 
(fish/mcf) 


Total 
Monthly 
Project 
Flows 
(mcf) 


Total 
Estimated 


Fish 
Entrained 
by Month 


Total 
Estimated 


Number Fish 
Entrained by 


Season 


Winter 
 


December 2.97 9,167 27,226  
January 2.97 9,786 29,065 84,590 
February 2.97 9,528 28,299  


      


Spring 
 


March 3.41 12,131 41,367  
April 3.41 10,481 35,740 105,806 
May 3.41 8,416 28,699  


      


Summer 
 


June 7.4 6,932 51,300  
July 7.4 6,163 45,606 138,679 


August 7.4 5,645 41,773  
      


Fall 
 


September 4.17 5,348 22,302  
October 4.17 5,070 21,141 69,322 


November 4.17 6,206 25,879  
Annual Total     398,397 
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The Parr species composition data presented in the Hold Point Two memo was grouped and 
summed by percent composition for each family group and by season and are presented in Table 
2. The centrachidae family, was separated into black bass and panfish due to the differences in 
body shapes and associated turbine mortality. 
 


TABLE 2 PROPOSED SPECIES COMPOSITION BY FAMILY AND SEASON FOR THE PARR 
PROJECT BASED ON PROJECTED MAXIMUM PROJECT GENERATION 


 
Family Winter Spring Summer Fall 
Catostomidae 4.15% 20.99% 3.96% 5.81% 
Panfishes 13.28% 38.00% 44.58% 44.95% 
Black Bass 0.41% 1.51% 2.08% 1.01% 
Clupeidae 36.93% 12.07% 10.00% 15.40% 
Cyprinidae 4.98% 10.70% 12.08% 9.60% 
Ictaluridae 35.68% 15.50% 27.08% 20.45% 
Moronidae 0.83% 0.14% 0.00% 1.77% 
Percidae 3.73% 1.10% 0.21% 1.01% 
Totals 100% 100% 100% 100% 
 


 
The entrainment estimates (Table 1) were then multiplied by the family group percent 
compositions (Table 2) to produce an estimate of fish entrainment by family for each season and 
then summed annually.  This yields the average potential fish entrainment (approximately 
398,000 fish) that could occur at the Parr development based on the entrainment database 
information and historic flow data for the development. 


 


TABLE 3 PROPOSED SPECIES TOTAL ENTRAINMENT BY FAMILY AND SEASON FOR THE 
PARR DEVELOPMENT BASED ON HISTORIC PROJECT OPERATIONS 


Family Winter Spring Summer Fall Annual 
Catostomidae 3,510 22,206 5,489 4,026 34,942 
Panfish 11,232 40,204 61,828 31,161 144,425 
Black Bass 351 1,597 2,889 700 5,537 
Clupeidae 31,239 12,772 13,868 10,678 68,557 
Cyprinidae 4,212 11,321 16,757 6,652 38,942 
Ictaluridae 30,186 16,401 37,559 14,179 98,325 
Moronidae 702 145 0 1,225 2,072 
Percidae 3,159 1,161 289 700 5,309 
Total 84,591 105,806 138,679 69,322 398,398 
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Fairfield Development Seasonal and Annual Entrainment Estimates 
 
Total monthly project flows for the Fairfield development (conventional generation and 
pumpback operation) were determined based on operation records from 2000 through 2010 and 
are presented in Table 4. The seasonal fish entrainment rates were then multiplied with the 
project flow to yield a monthly fish entrainment estimate for conventional generation and 
pumpback operations. These were summed both seasonally and annually for each operation type. 
 
 


TABLE 4. ESTIMATED NUMBER OF FISH ENTRAINED MONTHLY, SEASONALLY, AND 
ANNUALLY AT THE FAIRFIELD DEVELOPMENT BASED ON HISTORIC PROJECT 
OPERATION 


 
Month 


Seasonal 
Entrainment 


Rate (fish/mcf) 
Conventional 


Generation 


Seasonal 
Entrainment 


Rate 
(fish/mcf) 


Pumpback 
Generation 


Total 
Monthly 
Project 


Flows (mcf) 


Total 
Estimated Fish 
Entrained by 


Month 
Conventional 


Generation 


Total 
Estimated 


Fish 
Entrained 
by Month 


Pumpback 
Generation 


Total 
Estimated 


Fish 
Entrained by 


Season 
Conventional 


Generation 


Total 
Estimated 


Fish 
Entrained 
by Season 


Pumpback 
Generation 


Winter 
December 9.20 3.20 14,203 130,668 45,450 


374,026 130,096 January 9.20 3.20 11,969 110,115 38,301 
February 9.20 3.20 14,483 133,244 46,346 


Spring 
March 2.50 6.30 18,237 45,593 114,893 


169,495 427,127 April 2.50 6.30 23,287 58,218 146,708 
May 2.50 6.30 26,274 65,685 165,526 


Summer 
June 1.70 16.40 28,142 47,841 461,529 


137,846 1,329,810 July 1.70 16.40 29,049 49,383 476,404 
August 1.70 16.40 23,895 40,622 391,878 


Fall 
September 2.60 11.50 19,622 51,017 225,653 


132,891 587,788 October 2.60 11.50 16,077 41,800 184,886 
November 2.60 11.50 15,413 40,074 177,250 


Total 
      


814,258 2,474,822 
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The Fairfield development species composition data presented in Hold Point Two memo was 
grouped and summed by percent composition for each family group and by season and are 
presented in Table 5 for conventional generation and Table 6 for pumpback operation. Species 
composition from the entrainment database was slightly different between conventional and 
pumpback and was therefore presented separately. The centrachidae family, was separated into 
black bass and panfish due to the differences in body shapes and associated turbine mortality. 
 


TABLE 5. PROPOSED SPECIES COMPOSITION BY FAMILY AND SEASON FOR THE FAIRFIELD 
DEVELOPMENT - CONVENTIONAL GENERATION 


Family Winter Spring Summer Fall 
Catostomidae 0.01% 0.03% 0.02% 0.00% 
Black Bass 0.00% 0.01% 0.05% 0.04% 
Panfish 0.17% 4.62% 10.53% 1.40% 
Clupeidae 93.58% 42.59% 70.05% 77.35% 
Cyprinidae 0.11% 0.48% 0.49% 0.60% 
Ictaluridae 3.44% 0.72% 2.54% 18.52% 
Lepisosteidae 0.00% 0.00% 0.02% 0.00% 
Moronidae 0.00% 5.03% 0.34% 0.03% 
Percidae 2.68% 46.45% 15.94% 2.05% 
Totals 100% 100% 100% 100% 


 


TABLE 6. PROPOSED SPECIES COMPOSITION BY FAMILY AND SEASON FOR THE FAIRFIELD 
DEVELOPMENT  - PUMPBACK GENERATION 


Family Winter Spring Summer Fall 
Catostomidae 0.01% 0.00% 0.00% 0.01% 
Black Bass 0.05% 0.00% 0.63% 0.05% 
Panfish 0.29% 9.81% 0.45% 0.29% 
Clupeidae 98.75% 74.01% 96.36% 98.75% 
Cyprinidae 0.01% 1.07% 0.24% 0.01% 
Ictaluridae 0.67% 1.84% 0.29% 0.67% 
Lepisosteidae 0.00% 0.00% 0.00% 0.00% 
Moronidae 0.19% 11.75% 1.78% 0.19% 
Percidae 0.04% 1.51% 0.21% 0.04% 
Fundulidae 0.00% 0.00% 0.01% 0.00% 
Esocidae 0.00% 0.00% 0.01% 0.00% 
Totals 100% 100% 100% 100% 


 


  


 Page 5 of 7  







The entrainment estimates (Table 4) were then multiplied by the family group percent 
compositions (Table 5 & 6) to produce an estimate of potential fish entrainment by family for 
each season and then summed annually for conventional generation (Table 7) and pumpback 
operation (Table 8).  These estimates represent an order-of-magnitude for potential fish 
entrainment that could occur at the Fairfield development based on the entrainment database 
information and historic flow data for the development. 


TABLE 7. PROPOSED TOTAL ENTRAINMENT BY FAMILY AND SEASON FOR THE FAIRFIELD 
DEVELOPMENT  -  CONVENTIONAL GENERATION 


Family Winter Spring Summer Fall Annual 
Catostomidae 25 44 33 0 102 
Black Bass 3 21 69 56 149 
Panfish 633 7,830 14,520 1,861 24,844 
Clupeidae 350,027 72,192 96,559 102,794 621,572 
Cyprinidae 407 815 679 794 2,695 
Icatluridae 12,872 1,224 3,507 24,617 42,220 
Lepisosteidae 3 0 31 0 34 
Moronidae 15 8,532 465 43 9,055 
Percidae 10,028 78,737 21,982 2,725 113,472 
Total 374,013 169,393 137,846 132,891 814,143 


 


TABLE 8. PROPOSED TOTAL ENTRAINMENT BY FAMILY AND SEASON FOR THE FAIRFIELD 
DEVELOPMENT - PUMPBACK GENERATION 


Family Winter Spring Summer Fall Annual 
Catostomidae 8 9 3 37 57 
Black Bass 62 0 8,385 279 8,726 
Panfish 371 41,921 6,032 1,677 50,001 
Clupeidae 128,476 316,097 1,281,433 580,469 2,306,475 
Cyprinidae 15 4,557 3,234 66 7,872 
Ictaluridae 867 7,874 3,916 3,918 16,575 
Lepisosteidae 1 0 22 3 26 
Moronidae 250 50,188 23,711 1,130 75,279 
Percidae 46 6,464 2,851 209 9,570 
Fundulidae 0 18 154 0 172 
Esocidae 0 0 69 0 69 
Total 130,096 427,128 1,329,810 587,788 2,474,822 


 
The Hold Point Four memo will present turbine mortality estimates that will be applied to these 
entrainment estimates to produce potential average annual fish entrainment estimates for the Parr 
and Fairfield developments. 
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Discussion 
 
The Parr Development estimate of approximately 398,000 fish potentially entrained annually 
through the Parr Shoals turbines is based on several entrainment studies from projects on similar 
hydroelectric projects within the same or adjacent river systems. Therefore, we believe that these 
results represent a reasonable order-of-magnitude estimate of potential fish entrainment at the 
Parr Shoals Development. 
 
The estimates of potential annual entrainment for the Fairfield Development (approximately 
814,000 for conventional generation and 2,475,000 for pumpback) are based on much larger 
reservoirs within the same geographic region, but not within the Broad River Basin.  The 
projects used represented the best available data that we could identify for preparing an “order of 
magnitude” fish entrainment estimate: however, in each of the reference studies, entrainment 
estimates for clupeids (threadfin shad, gizzard shad and blueback herring) significantly 
influenced the entrainment rates and species compositions.  Although we used the best 
information we could identify, we believe that this portion of the study may be somewhat flawed 
in that clupeid densities in Monticello and in the Fairfield tailrace (Parr Reservoir) are likely not 
as high as the reference studies. This would create an overestimate of overall entrainment and 
especially for the clupeid family. We would welcome suggestions from the TWC on possible 
ways to adjust these estimates based on site specific information or on professional expertise. 
 


LITERATURE CITED 


Cada, G.F. 1990. A review of studies relating to the effects of propeller-type turbine passage on 
fish early life stages. North American Journal of Fisheries Management 10:418-426. 


Electric Power Research Institute. 1992. Final Report. Fish Entrainment and Turbine Mortality 
Review and Guidelines. Project 2694-01. Prepared for Stone & Webster Environmental 
Services, Boston, MA. 


EPRI. 1997. Turbine entrainment and survival database – field tests. Prepared by Alden Research 
Laboratory, Inc. EPRI Report No. 108630. 13 pp, Palo Alto, CA. 
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MEMORANDUM 
 


TO: Parr/Fairfield Fisheries Technical Working Committee 
 


FROM: Henry Mealing and Jordan Johnson – Kleinschmidt Associates 
 


DATE: January 30, 2015 
 


RE: Fish Entrainment and Turbine Mortality Study 
Fourth Hold Point – Turbine Mortality  


 
 
The Parr-Fairfield Fish Entrainment and Turbine Mortality Study Plan (Plan) was approved by 
the Fisheries Technical Working Committee (TWC) on December 19, 2013. The Plan identified 
several "hold points" associated with completion of the study. The purpose of each hold point is 
to allow the TWC members an opportunity to review the study progress to date prior to 
proceeding to the next phase of the analysis.  Three previous memoranda have been issued, 
which include:  


• Hold Point Memo One focused on creation of an entrainment database and turbine 
mortality database for the Parr Shoals and Fairfield developments based on a review of 
entrainment and mortality studies conducted at projects similar to the two developments. 
Hold Point Memo One also proposed entrainment rates for the Parr Shoals and Fairfield 
developments. 


• Hold Point Memo Two presented species composition data for use with entrainment 
estimates at the Parr Shoals and Fairfield developments. 


• Hold Point Memo Three presented: 1) an annual fish entrainment estimate (Parr Shoals 
conventional generation, Fairfield conventional generation, and Fairfield pumpback 
operation) based on the proposed entrainment rates presented in the Memo One, 2) the 
final proposed species/family group composition for Parr Shoals and Fairfield 
developments based on the species composition information presented in Memo Two, 
and 3) the estimated annual fish entrainment by species/family group composition for 
each development. 


 
This Hold Point Memo Four presents proposed fish survival rates for turbine passage by species 
and family group.  We used the “survival” estimate terminology because the database presented 
information in percent turbine survival – not “mortality”.  We can adjust that terminology based 
on input from the TWC. 
 
After the TWC approves Hold Point Memo Four, we will combine all of the memos into a Draft 
Report of potential entrainment and turbine mortality impacts for the Parr Shoals and Fairfield 
Developments.  
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Parr Shoals Development Survival Estimate 
 
Survival estimates for fish passing through the Parr Shoals turbines were determined based on 
data gathered from the EPRI (1992, 1997) turbine survival and entrainment database. Source 
projects selected and used were originally presented in Table 7 of Memo One. Data from tests 
conducted at each of these source projects was combined into a single database for use at the 
Parr Shoals Development. Data for all tests conducted at a source project were combined into a 
list of species and their associated survival rates (Appendix). Data for species tested multiple 
times at a single project were combined to yield an average survival rate for the species. Species 
data from each source study was then combined by family, shown in Table 1. There were no 
survival test data of the family Moronidae available in the database.  Therefore, we propose to 
use the black bass data as a surrogate for Moronidae based on similar size and shape of the two 
groups. 
 
 


Fairfield Development Survival Estimate 
 
Survival estimates for fish passing through the Fairfield development turbines were determined 
in the same fashion as the Parr Shoals analysis. A database of projects with similar turbine types 
and characteristics was developed using the EPRI (1992;1997) database. Of the eight projects we 
initially selected for estimating Fairfield turbine mortality, we did not use the Shasta, Ruskin, 
and Seton Creek projects because these only provided survival data for salmonids, which do not 
occur at the Fairfield Development. The remaining data was consolidated to create an average 
estimated survival rate for each species/family group listed in the Fairfield Development species 
composition. There was no survival test data available for several species/family groups: 
Clupeidae, Fundulidae, Ictaluridae, Moronidae, and Lepisosteidae.  We propose to use data from 
the Cyprinidae family for both Clupeidae and Fundulidae.  We propose to use an average of the 
black bass and Catastomidae groups as a surrogate for both Ictaluridae and Moronidae.  Ew also 
propose to use the Esocidae data as a surrogate for the Lepisoteidae family.   
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TABLE  1. PARR SHOALS DEVELOPMENT – TURBINE SURVIVAL TEST DATA BY FAMILY GROUP 


Project Panfish Black Bass Cyprinidae Percidae Catostomidae Clupeidae Ictaluridae Moronidae1 
Alcona 90% 


 
93% 70% 92% 


  
  


Five Channels 96% 
 


95% 86% 80% 
  


  
Grand Rapids 91% 


   
94% 


  
  


Rogers 95% 80% 87% 94% 91% 
  


80% 
Sandstone Rapids 90% 


 
71% 


 
71% 


  
  


Stevens Creek 95% 
  


97% 
 


97% 
 


  
Columbia 98% 


    
99% 99%   


Average Survival 93% 80% 86% 87% 86% 98% 99% 80% 
1 black bass used as surrogate 


       
 


TABLE 2 FAIRFIELD DEVELOPMENT – TURBINE SURVIVAL TEST DATA BY FAMILY GROUP 


 
 


Project Panfish Percidae Cyprinidae Black Bass Catostomidae Esocidae Clupeidae1 Ictaluridae2 Lepisosteidae3 Moronidae2 Fundulidae1 
Bond Falls 80% 79% 72% 


   
72% 


   
72% 


Caldron Falls 92% 
 


65% 
 


65% 
 


65% 65% 
 


65% 65% 


Colton 15% 36% 
 


25% 46% 
  


36% 
 


36%   
Hardy 96% 87% 97% 95% 84% 88% 97% 90% 88% 90% 97% 


Hoist 52% 
         


  
Average 
Survival 67% 68% 78% 60% 65% 88% 78% 63% 88% 63% 78% 
1 Cyprinidae used as surrogate 


       2 average of Catostomids and Black Bass used as surrogate 
       3 Esocidae used as surrogate 
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Discussion 
 
The Parr Shoals and Fairfield fish survival estimates are based on multiple turbine mortality 
studies from projects with similar turbine types and characteristics. Therefore, we believe that 
these results represent reasonable fish survival estimates that can be used for the estimation of 
the number of fish potentially killed when entrained at the Parr Shoals and Fairfield 
developments. 
 
After discussion and agreement on fish survival (turbine mortality) rates, we will compile the 
information from the four memos into a draft report for the TWC’s review. 
 


LITERATURE CITED 


Electric Power Research Institute. 1992. Final Report. Fish Entrainment and Turbine Mortality 
Review and Guidelines. Project 2694-01. Prepared for Stone & Webster Environmental 
Services, Boston, MA. 


EPRI. 1997. Turbine entrainment and survival database – field tests. Prepared by Alden Research 
Laboratory, Inc. EPRI Report No. 108630. 13 pp, Palo Alto, CA. 
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Appendix 
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Parr Turbine Survival Database 


 


ALCONA


# released # recovered immediate # live survival recovered


bluegill 199 182 164 90%


spottail shiner 40 35 33 94%


yellow  perch 100 95 61 64%


golden shiner 109 101 92 91%


northern pike 44 43 24 56%


grass pickerel 30 30 29 97%


w alleye 92 92 69 75%


w hite sucker 114 114 105 92%


Five Channels


# released # recovered immediate # live survival recovered


bluegill 186 172 165 96%


spottail shiner 30 11 11 100%


yellow  perch 55 51 46 90%


golden shiner 119 103 93 90%


w alleye 115 115 95 83%


w hite sucker 116 97 78 80%


northern pike 31 29 26 90%


Grand Rapids


# released # recovered immediate # live survival recovered


bluegill no data 974 887 91%


w hite sucker no data 1967 1853 94%


Rogers


# released # recovered immediate # live survival recovered
bluegill 182 174 165 95%
spottail shiner no data 31 25 81%
yellow  perch no data 117 110 94%
golden shiner 94 77 72 94%
largemouth bass 60 55 44 80%
northern pike 47 42 39 93%
w alleye no data 38 36 95%
w hite sucker no data 90 82 91%


Sandstone Rapids


# released # recovered immediate # live survival recovered
bluegill, bluegill x green sunfish hybrid 316 285 256 90%
fathead minnow , creek chub, w hite sucker, golden/shorthead redhorse 897 775 550 71%


Stevens Creek


# released # recovered immediate # live survival recovered
blueback herring 131 123 119 97%
sunfish spp 110 110 104 95%
yellow  perch/spotted sucker 120 120 116 97%


Columbia


# released # recovered immediate # live survival recovered
channel catf ish 95 88 87 99%
bluegill, redbreast sunfish 100 96 94 98%
blueback herring 100 90 89 99%


 Page 6 of 7  







Fairfield Turbine Survival Database 


 


Bond Falls


# released # recovered immediate # live survival recovered
yellow  perch no data 297 236 79%
golden shiner no data 285 205 72%
bluegill no data 542 435 80%


Caldron Falls


# released # recovered immediate # live survival recovered
bluegill, bluegill x green sunfish hybrid 361 342 316 92%
fathead minnow , creek chub, w hite sucker, golden/shorthead redhorse 844 803 520 65%


Colton


# released # recovered immediate # live survival recovered
w hite sucker no data 433 200 46%
bluegill no data 172 25 15%
largemouth bass no data 479 121 25%
yellow  perch no data 88 43 49%
w alleye no data 151 35 23%


Hardy


# released # recovered immediate # live survival recovered
bluegill 123 83 80 96%
golden shiner 119 97 94 97%
largemouth bass 60 39 37 95%
northern pike 58 50 44 88%
w alleye 42 40 31 78%
w hite sucker 119 83 70 84%
yellow  perch 120 87 84 97%


Hoist


# released # recovered immediate # live survival recovered
bluegill 300 164 86 52%
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MEMORANDUM 
 


TO: Parr/Fairfield Fisheries Technical Working Committee 
 


FROM: Henry Mealing and Jordan Johnson – Kleinschmidt Associates 
 


DATE: February 9, 2015 
 


RE: Fish Entrainment and Turbine Mortality Study 
Fourth Hold Point – Turbine Mortality  ADDENDUM - USFWS Comments 


 
 
We issued the Hold Point Memo Four – Turbine Mortality information to the Fisheries TWC on 
January 30, 2015 for review and comment.  Byron Hamstead forwarded the US Fish and 
Wildlife Service (USFWS) comments on February 3, 2015. We have copied his comments and 
questions below and provided clarifications as they are available. 
 
USFWS Recommendation 
 
USFWS Question 1) It seems that you calculated fish survival using the method below. Can you 
confirm this?  
Survival rate = (number of test fish recovered live immediately following the test) / (the total 
number of fish recovered) 
I suggest outlining whatever equation we decide on in the HP4 memo. 
 
Kleinschmidt Response:  Yes, we used the reported number of test fish recovered alive 
immediately after the turbine test divided by the total number of fish recovered during the test.   
 
Fish Survival % = # of test fish recovered live immediately / # of test fish recovered 
 
The reason we did this is based on some common testing methods that have been utilized during 
turbine survival tests over the past 20 years.  Turbine testing is not a perfect art, but many 
investigators have refined testing methods over time.  There are two primary types of test fish 
recovery that are represented in our database – netting recovery and balloon tag recovery.   
 
Netting recovery typically utilizes a large conical net fitted with a live-car in the tailrace area that 
will sample the full discharge of the test turbine.  Fish are introduced into the turbine intake and 
then recovered in the live car.  Some researchers have even used “control” fish in their study to 
adjust the number of recovered fish (EPRI 1992, 1997).  Based on our experience, there are a 
couple of factors that can influence the number of fish recovered in turbine testing: net efficiency 
was not 100% (could not recover all control fish) and large predator fish were present in the net 
and may have impacted the number of test fish retrieved (H. Mealing pers. observation). 
 
Balloon tag recovery utilizes a balloon attached to the test fish that is activated prior to injection 
into the turbine.  Through a chemical reaction the balloon becomes buoyant during turbine 
passage and floats the fish to the surface in the tailrace where it is retrieved.  Researchers have 
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adjusted survival numbers for these tests based on the inability to retrieve test fish because the 
balloon malfunctioned and the fish did not float up or based on control or test fish that were 
introduced to the tailrace and were not retrieved because of some unique dynamic in the tailrace 
where fish were trapped and could not be retrieved (Normandeau Associates 2015). 
 
USFWS Question 2) For a given study, the number of fish that were recovered is sometimes less 
than the number of fish tested (released).  I am concerned that the above equation does not 
account for the number of test fish that were not recovered but died from entrainment injuries. 
Since we have no way of knowing whether an un-recovered entrained test fish survived, I 
propose that we assume that half of them did not.  
 
Kleinschmidt Response:  We originally presented individual turbine test data in the Appendix 
of Hold Point Memo 4 (January 30, 2015).  We recalculated the survival rates presented in those 
Appendices to reflect the USFWS recommendation to use the total number of fish tested and 
assume that ½ of them died and ½ of them lived.  The revised information is presented in Tables 
1 and 2.      
 
USFWS Question 3) The EPRI database includes data that measures fish survival according to 
the proportion of live fish recovered 24hrs and also 48hrs after the test.  I propose that we use 
the 48hr survival rate data for a more accurate mortality estimate keeping in mind that some of 
these fish recovered live may die due to their injuries (infection, predation, etc.) sometime after 
that 48hr period. These proposals would yield the following equation: 
Survival rate = (0.5(# released - # recovered) + (# live after 48hrs)) / (# released) 
 
Kleinschmidt Response:  We went back through the database, pulled, and summarized the 24 
and 48 hour latent mortality data and have also included those both with and without the 
“USFWS Recommendation” for number of fish recovered (Tables 1 and 2).      
----------------------------- 
 
Summary Data 
 
We summarized the original and revised turbine mortality data for each family group and 
presented those in Tables 3 and 4.  This summary data provides an easy way to evaluate the 
changes in overall turbine mortality with the proposed “USFWS Recommendation”. 
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TABLE 1 PARR SHOALS DEVELOPMENT – TURBINE SURVIVAL TEST DATA BY FAMILY GROUP 


 
          USFWS Equation Study Data 


ALCONA Number of 
Fish 


Released 


Number of 
Fish 


Recovered 


Number 
Live 


Immediate 


Number 
Alive     
24 hr 


Number 
Alive    
48 hr 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


Bluegill 199 182 164 147 132 87% 78% 71% 90% 81% 73% 
Spottail Shiner 40 35 33 27 13 89% 74% 39% 94% 77% 37% 
Yellow Perch 100 95 61 48 40 64% 51% 43% 64% 51% 42% 
Golden Shiner 109 101 92 85 80 88% 82% 77% 91% 84% 79% 
Northern Pike 44 43 24 22 22 56% 51% 51% 56% 51% 51% 
Grass Pickerel 30 30 29 27 26 97% 90% 87% 97% 90% 87% 
Walleye 92 92 69 44 22 75% 48% 24% 75% 48% 24% 
White Sucker 114 114 105 100 98 92% 88% 86% 92% 88% 86% 
Five Channels 


           Bluegill 186 172 165 161 149 92% 90% 84% 96% 94% 87% 
Spottail Shiner 30 11 11 4 2 68% 45% 38% 100% 36% 18% 
Yellow Perch 55 51 46 45 33 87% 85% 64% 90% 88% 65% 
Golden Shiner 119 103 93 87 82 85% 80% 76% 90% 84% 80% 
Walleye 115 115 95 85 81 83% 74% 70% 83% 74% 70% 
White Sucker 116 97 78 78 76 75% 75% 74% 80% 80% 78% 
Northern Pike 31 29 26 26 26 87% 87% 87% 90% 90% 90% 
Grand Rapids 


           bluegill no data 974 887 851 801 n/a n/a n/a 91% 87% 82% 
white sucker no data 1967 1853 851 801 n/a n/a n/a 94% 43% 41% 
Rogers 


           bluegill 182 174 165 157 150 93% 88% 85% 95% 90% 86% 
spottail shiner no data 31 25 no data 22 n/a n/a n/a 81% n/a 71% 
yellow perch no data 117 110 no data 105 n/a n/a n/a 94% n/a 90% 
golden shiner 94 77 72 65 47 86% 78% 59% 94% 84% 61% 
largemouth bass 60 55 44 43 41 78% 76% 73% 80% 78% 75% 
northern pike 47 42 39 39 35 88% 88% 80% 93% 93% 83% 
walleye no data 38 36 no data 31 n/a n/a n/a 95% n/a 82% 
white sucker no data 90 82 0 74 n/a n/a n/a 91% n/a 82% 
 


           
 Page 3 of 7  







Sandstone Rapids 
Number of 


Fish 
Released 


Number of 
Fish 


Recovered 


Number 
Live 


Immediate 


Number 
Alive     
24 hr 


Number 
Alive    
48 hr 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


bluegill, bluegill x green 
sunfish hybrid 


316 285 256 244 226 86% 82% 76% 90% 86% 79% 


fathead minnow, creek 
chub, white sucker, 
golden/shorthead redhorse 897 775 550 528 442 68% 66% 56% 71% 68% 57% 
Stevens Creek 


Number of 
Fish 


Released 


Number of 
Fish 


Recovered 


Number 
Live 


Immediate 


Number 
Alive     
24 hr 


Number 
Alive    
48 hr 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


blueback herring 
131 123 119 118 116 94% 93% 92% 97% 96% 94% 


sunfish spp 
110 110 104 100 88 95% 91% 80% 95% 91% 80% 


yellow perch                  
spotted sucker 120 120 116 113 103 97% 94% 86% 97% 94% 86% 
Columbia 


Number of 
Fish 


Released 


Number of 
Fish 


Recovered 


Number 
Live 


Immediate 


Number 
Alive     
24 hr 


Number 
Alive    
48 hr 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


Channel Catfish 95 88 87 no data 86 95% n/a 94% 99% n/a 98% 
Bluegill, Redbreast Sunfish 100 96 94 no data 93 96% n/a 95% 98% n/a 97% 
blueback herring 100 90 89 no data 68 94% n/a 73% 99% n/a 76% 
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TABLE  2. FAIRFIELD DEVELOPMENT – TURBINE SURVIVAL TEST DATA BY FAMILY GROUP 


 
          USFWS Equation Study Data 


Bond Falls 


Number of 
Fish Released 


Number of 
Fish 


Recovered 


Number 
Live 


Immediate 


Number 
Alive     
24 hr 


Number 
Alive    
48 hr 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


Immediate 
Survival 


24 hr 
Survival 


48 hr 
Survival 


yellow perch no data 297 236 227 226 n/a n/a n/a 79% 76% 76% 
golden shiner no data 285 205 162 147 n/a n/a n/a 72% 57% 52% 
bluegill no data 542 435 391 381 n/a n/a n/a 80% 72% 70% 
Caldron Falls 


           bluegill, bluegill x green 
sunfish hybrid 361 342 316 311 304 90% 89% 87% 92% 91% 89% 
fathead minnow, creek 
chub, white sucker, 
golden/shorthead redhorse 844 803 520 513 488 64% 63% 60% 65% 64% 61% 
Colton 


           white sucker no data 433 200 155 134 n/a n/a n/a 46% 36% 31% 
bluegill no data 172 25 5 2 n/a n/a n/a 15% 3% 1% 
largemouth bass no data 479 121 19 2 n/a n/a n/a 25% 4% 0% 
yellow perch no data 88 43 33 29 n/a n/a n/a 49% 38% 33% 
walleye no data 151 35 29 20 n/a n/a n/a 23% 19% 13% 
Hardy 


           bluegill 123 83 80 72 72 81% 75% 75% 96% 87% 87% 
golden shiner 119 97 94 76 76 88% 73% 73% 97% 78% 78% 
largemouth bass 60 39 37 27 26 79% 63% 61% 95% 69% 67% 
northern pike 58 50 44 38 38 83% 72% 72% 88% 76% 76% 
walleye 42 40 31 30 29 76% 74% 71% 78% 75% 73% 
white sucker 119 83 70 57 57 74% 63% 63% 84% 69% 69% 
yellow perch 120 87 84 79 76 84% 80% 77% 97% 91% 87% 
Hoist 


           bluegill 300 164 86 no data no data 51% n/a n/a 52% n/a n/a 
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Table 3.  Parr Shoals Development – Turbine Survival Test Data by Family Group 
 


 


TABLE 4.  FAIRFIELD DEVELOPMENT – TURBINE SURVIVAL TEST DATA BY FAMILY GROUP 
 


 
USFWS Equation Study Data 


Family Group 
Immediate 


Survival 
24 hr 


Survival 
48 hr 


Survival 
Immediate 


Survival 
24 hr 


Survival 
48 hr 


Survival 
Panfish 64% 60% 58% 67% 63% 62% 
Percidae 65% 60% 58% 68% 63% 60% 
Cyprinidae 75% 64% 62% 78% 66% 64% 
Black Bass 52% 33% 31% 60% 37% 34% 
Catostomidae 61% 54% 51% 65% 56% 53% 
Esocidae 83% 72% 72% 88% 76% 76% 
Clupeidae¹ 83% 72% 72% 88% 76% 76% 
Ictaluridae² 59% 49% 46% 63% 51% 48% 
Lepisosteidae³ 83% 72% 72% 88% 76% 76% 
Moronidae² 59% 49% 46% 63% 51% 48% 
Fundulidae¹ 75% 64% 62% 78% 66% 64% 
¹ Cyprinidae used as surrogate  
² average of Catostomids and Black Bass used as surrogate 
³ Esocidae used as surrogate 
 
  


  USFWS Equation Study Data 


Family Group  
Immediate 


Survival 
24 hr 


Survival 
48 hr 


Survival 
Immediate 


Survival 
24 hr 


Survival 
48 hr 


Survival 


Panfish 91% 86% 82% 93% 88% 83% 
Black Bass 78% 76% 73% 80% 78% 75% 
Cyprinidae 80% 71% 58% 86% 70% 58% 
Percidae 84% 74% 62% 87% 75% 68% 
Catostomidae 83% 81% 75% 88% 75% 72% 
Clupeidae 94% 93% 82% 98% 96% 85% 
Ictaluridae 95% n/a 94% 99% n/a 98% 
Moronidae¹ 78% 76% 73% 80% 78% 75% 


¹ Black bass used as surrogate 


 Page 6 of 7  







 
Discussion 
 
The USFWS has requested that we increase the “released numbers” to account for the fish that 
were “lost” in the turbine testing experiment.  The use of the higher fish released numbers 
lowered the overall survival estimates.  The USFWS has also requested that we use the 48 hour 
survival estimates for a “more accurate number”.  We point out that both 24 and 48 hour survival 
reflect higher mortality associated with the impacts of both turbine passage and turbine testing.  
However, we are not sure that each of these studies use control fish to correct for non-turbine 
effects such as netting, handling, and tank stresses associated with holding fish for 48 hours in a 
recovery tank.  
 
After discussion and agreement on which fish survival (turbine mortality) rates that we will use, 
we will revise the family group estimates and send those back out to the TWC.  We will then 
proceed with compiling the information from the four memos into a draft report for the TWC’s 
review. 
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MEMORANDUM 
 


TO: Parr Hydro Relicense - Fisheries Technical Working Committee 
FROM: Henry Mealing 
DATE: September 11, 2015 


RE: Fish Entrainment and Turbine Mortality Desktop Study 
 Technical Memo #5 - Response to Comments on the Draft Report 


 
 
The Draft Parr-Fairfield Fish Entrainment and Turbine Mortality Study Report (Report) was 
distributed to the Fisheries Technical Working Committee (TWC) for review on April 21, 2015. 
To date, we have received only two comments (both from the SCDNR). We have provided a 
response to both of those comments in this Technical Memo #5. We propose to include this 
response in an Appendix of the Final Report. The results of this study will be used in describing 
the potential order-of-magnitude impact of turbine entrainment and mortality on fish in the Parr 
Project in the license application. This report is also available for use during Settlement 
Agreement discussions and during development of recommendations from the Fisheries TWC to 
address the potential impacts of fish entrainment and turbine mortality at the Parr Project. 
 
SCDNR Comment 1 – [We] have reviewed the draft entrainment report for Parr Hydro Project 
and have some issues with it. [Our] primary concern is the lack of information on entrainment 
mortality with an emphasis on clupeid survival. These fragile fish are very different from other 
fish in their tolerance ranges and generally have high mortality at pumpback operations for 
reasons other than turbine strikes. The draft report appears to address entrainment mortality in 
terms of turbine strikes as provided in Table 3-13. This is good information, but this report needs 
to address the total entrainment mortality to provide a better understanding of the operational 
impacts. Studies done at Richard B Russell, a pumpback project with similar turbines and similar 
capacity, addressed total entrainment mortality.  In the attached RBR document on page 376 it is 
stated that 
 


“Mortality rates ranged from 65.0 to 100.0 percent for clupeids (blueback herring, 
threadfin shad, and gizzard shad), 29.5 to 85.0 percent for sunfish and crappie, 0.0 to 28.5 
percent for catfish, 17.8 to 72.1 percent for yellow perch, and 45.3 to 81.8 percent for 
Morone sp. (striped bass, hybrid bass, and white perch). A significant positive 
relationship between water temperature and mortality was found for clupeids, catfish, and 
Morone sp. (as water temperature increases mortality increases).” 
 


Summary tables for immediate, 24 hr, and 48 hr mortality are also provided in the same 
document in the section entitled “Pumpback Fish Mortality Studies” from page 376-395. This 
type of information is needed in the entrainment report for Parr Hydro Project. [We] believe this 
type of project information (from RBR) is more relevant to the Fairfield pump storage 
development than the turbine studies cited in the EPRI documents. Frankly, the mortality 
estimates from RBR may be more relevant than the number of fish entrained. In recent TWC 
meetings, questions were raised about the numbers of clupeids entrained at RBR verses Fairfield 
mainly based on fish present. This may be a legitimate issue, but it does not change the mortality 
rate which should be based on the percentage of fish that actually die as a result of entrainment. 
SCE&G Response 1 ‒ We reviewed the RBR Pump-back report referenced by the SCDNR 
initially as part of this study and did include the study results for developing an entrainment 
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estimate for the Fairfield Project. We noted in our TWC discussions that the entrainment data 
from RBR would likely yield an overestimate of entrainment for Clupeids at the Fairfield 
Project. However, entrainment data for pump-back operations is limited, and this was the best 
available data we could find for our Fairfield entrainment estimates. 
 
However, we did not include the turbine mortality rates from the RBR study based on the 
knowledge that all of the RBR mortality rates are skewed towards an overestimate. We have 
included multiple references from the RBR study report that noted the shortcomings of the 
mortality studies that were performed at the project. We have listed those below: 
 
Summary ‒ Page 376 first paragraph states: 
 


“Reliable estimates of mortality for many of the inducted fish experiments could 
not be used due to high mortality among control fish, due mainly to the poor 
condition of fish received from the hatchery. Most mortality estimates in Phase III 
were obtained from entrained fish.” 


 
Page 376 ‒ second paragraph: 
 


“A majority of entrained sunfish and crappie were descaled on one side of their 
body. Heavy scale loss was also found with control bluegill sunfish inducted 
directly into the net without going through the turbines, also suggesting a net 
affect.” 


 
Introduction ‒ Page 377: 
 


“Multiple controls were performed by inducting fish into the penstocks (all effects 
of induction system but without turbine passage) or holding marked fish without 
induction to determine the effects of marking and handling. For fragile species 
such as threadfin shad and blueback herring, entrained fish were recovered at the 
recovery barge to determine immediate and delayed (recovered fish were held in 
tanks for 48 hours) mortality. Control tests could not be performed for fragile fish 
species because control mortality was 100 percent. Therefore, estimates of turbine 
passage mortality are conservative because they have not been adjusted for 
handling mortality.” [emphasis added] 


 
Discussion ‒ Page 380 – first paragraph: 
 


“These results provide a conservative (over) estimate of mortality due because all 
sources of stress and damage caused by the net, handling, and transport could not 
be eliminated. To provide a turbine related mortality estimate, it is necessary to 
reduce stress incurred due to the experimental protocol. This usually means 
reducing control mortality below 10 percent (Ruggles 1991). Except for catfish, 
we did not meet this criterion. The inability to reduce excess control mortality was 
the primary reason for use of entrained fish for passage mortality estimation.” 
[emphasis added] 
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During the RBR study, the researchers observed extremely high mortality rates for fish that were 
used as controls; therefore, they were forced to use fish from the entrainment net sample to 
determine turbine mortality. This method did not allow them to discriminate between actual fish 
mortality due to passage through the penstock, units, and draft tube and the mortality associated 
with net stress and handling after fish were collected from the entrainment net, which could be 
significant. The studies that we used for developing turbine mortality rates for Fairfield were 
based on studies that met the accepted criterion for testing with control fish and are the best data 
available data for estimating turbine mortality rates at Fairfield. Use of the RBR data would skew 
turbine mortalities by 2 to 3 times those that SCE&G has proposed as reasonable turbine 
mortality estimates, therefore we decline to include the RBR study in our analysis for the 
Fairfield turbine mortality estimates. 
 
SCDNR Comment 2 ‒ Another thing [we] do not understand about the report is how (as 
indicated in Table 3-13) the Clupeidae family has a lower mortality rate than their surrogate 
Cyprinidae. Maybe this is a typo. 
 
SCE&G Response 2 – This is a typo. Both the Clupeidae and Cyprinidae mortality estimates are 
based on turbine mortality test data at multiple projects. We will correct this in the Final Report. 
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MEETING NOTES 
 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 
Fisheries TWC Meeting 


 
November 04, 2014 


Draft HGM 11-06-2014 
 


 
ATTENDEES via Conference Calls:      
 
Bill Argentieri (SCE&G)  Milton Quattlebaum (SCANA) 
Amy Bresnahan (SEC&G)   Fritz Rohde (NOAA) 
Byron Hamstead (USFWS)  Steve Summer (SCANA) 
Bill Marshall (SCDNR)  Shane Boring (Kleinschmidt) 
Henry Mealing (Kleinschmidt) 
 
 
 
 
These notes serve as a summary of the major points presented during the meeting and are not 
intended to be a transcript or analysis of the meeting. 
 
Henry opened the meeting with a brief discussion of big picture.  Each of these Memos are 
“building blocks” that we will use to prepare an estimate of potential entrainment and turbine 
mortality for the Parr and Fairfield developments. 
 
Revised Memo #1 
 
Henry began the discussions on Entrainment Memo #1.  This memo provides several elements for 
entrainment evaluation: 


• the proposed entrainment study database 
• database entrainment rates for “Parr-type” studies and “Fairfield-type” studies 
• proposed mean seasonal entrainment rates for Parr and Fairfield 
• the proposed turbine mortality study database 


 
We discussed the recommendation from Byron about considering the use of the Buzzard Roost 
Study as part of the entrainment database.  Review of the Buzzard Roost study determined that 
entrainment rates were vastly different from the other studies that were included.  The group agreed 
with the recommendation not to include Buzzard Roost in the evaluation. 
 
The group was in general agreement with the seasonal entrainment rates proposed for use in the 
Parr estimates (Table 5) and Fairfield estimates Tables 13 & 14. 
 
The turbine mortality database provides a range of projects where turbine mortality testing has been 
performed on a variety of species.  The next Memo on Turbine Mortality will provide specific 
mortality rates for multiple species/family groups for both developments. 
 
Memo #2 
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Shane then reviewed the information in Memo #2, which solely focused on species composition 
data for entrainment.  The group agreed with the species proposed for application to the Parr 
development.  Shane noted that we would use the raw data to develop seasonal percent composition 
for each family group and that Centrarchids would be subdivided into “panfish” (bluegill, redbreast, 
crappie, ect.) and “fusiforme” (black basses) species. 
 
However, the group had some discussions about the species composition for use at Fairfield.  The 
Richard B. Russell (RBR) project documented a range of species that were entrained during 
generation and pump-back.  The data for Bad Creek (BC) is dominated by shad/herring and 
combination of the two data sets could reduce the percent contribution of other non-shad species. 
The same observation applies to the Jocassee study which assumed that almost 100% of the species 
entrained were shad and herring. 
 
The group suggested that Henry discuss this issue with Dick Christie (SDCNR) and get his 
recommendations. 
NOTE:  Henry and Dick discussed this briefly a day after the meeting.  Dick provided some 
SCDNR reports to Henry that will provide additional data to aid in describing the species 
composition of Monticello Reservoir. 
 
Next Memo 
 
Shane stated that the next memo will include the proposed seasonal species/family group percent 
composition to be used for Parr estimates.  We will also provide a proposed seasonal species/family 
group percent composition for Fairfield – both with RBR only and with RBR/BC combined. 
 
The next memo will also include an extrapolation of the estimated number of fish entrained for each 
development.  This will be based on Entrainment Rate X Volume of Water passed through each 
development.  We will also multiply the species composition to this estimate to give a breakdown of 
species entrained.  We will also include species composition data that Milton has been collecting in 
the forebay and tailrace areas of Fairfield. 
 
We will also include the proposed turbine mortality rates that could be used in the evaluation. 
 
 
  
 
ACTION ITEMS: 
 


• Henry to discuss species composition with Dick Christie and develop proposed species 
composition for the evaluation. 
 


• Develop next Entrainment Evaluation Memo. 
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PARR SHOALS HYDROELECTRIC PROJECT FERC NO. 1894 
 


Fisheries TWC – Entrainment and Turbine Mortality 
 


MEETING NOTES 
January 06, 2015 


Draft H. Mealing 01-12-2015   
 
ATTENDEES via Conference Calls:      
 
Bill Argentieri (SCE&G)  Milton Quattlebaum (SCANA) 
Amy Bresnahan (SEC&G)   Fritz Rohde (NOAA) 
Steve Summer (SCANA)  Hal Beard (SCDNR) 
Bill Marshall (SCDNR)  Ron Ahle (SCDNR) 
Dick Christie (SCDNR)  Shane Boring (Kleinschmidt) 
Jordan Johnson (Kleinschmidt) Henry Mealing (Kleinschmidt) 
              
These notes serve as a summary of the major points presented during the meeting and are not 
intended to be a transcript or analysis of the meeting. 
 
Henry opened the meeting with a brief reminder that the overall goal of the Entrainment Study is 
to provide the TWC with an “order of magnitude” potential impact of fish entrainment at the Parr 
and Fairfield Developments.  We have finalized the first building blocks for this estimate in 
Memos 1 & 2 and the purpose of this meeting is to review Memo 3 which contains 1) the final 
proposed species/family group composition estimates and 2) the final extrapolated estimate of 
fish entrained by development, season, and family group. 
 
Henry opened the discussion by recapping the memo results and asking for questions.  He also 
noted that Byron had submitted questions prior to the call, because he could not attend.  His 
questions were: 
 
1) Does the proposed seasonal entrained species composition for Fairfield under pump-back 


generation include data from Bad Creek?  I think we discussed developing two iterations of seasonal 
fish composition, with and without data from Bad Creek (see meeting notes for hold point 2).  Since 
data for Bad Creek are dominated by shad/herring, including these data could underestimate the 
percent contribution of non-shad species in the entrained composition.  


 
Henry stated that the final estimates for Fairfield did not include the Bad Creek data for species 
composition, but we did include the Bad Creek entrainment rate information in our analysis.  
During our last TWC call, we did question the use of the Bad Creek species composition data 
because it was dominated by shad.  Use of the species data would skew the species composition 
to shad and overlook other species that are present in the two reservoirs.  This decision was also 
based on SCDNR fisheries sampling data from the two reservoirs.   
 
The SCDNR reports “Fisheries Investigations in Lake and Streams District IV July 1, 1989 to 
June 30, 1992” and “Fisheries Investigations in Lakes and Streams July 1, 1996 thru June 30, 
1997” noted a couple of items.  There are discussions in both reports of threadfin shad (TFS) and 
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gizzard shad (GZS) populations.  Also, that there is a higher composition of GZS over TFS in the 
dam/intake area.  TFS form a large part of the Age 0 prey base but GZS grow to larger sizes and 
make up more of the shad biomass of the reservoir.  Both reports provide a description of cove 
rotenone collections in Lake Monticello.  General observations are that the shad densities in the 
lake are lower than other nearby lakes due to lower nutrient levels. There is also a section of both 
reports that describe the use and success of fish attractors on Lake Monticello.  Henry will send 
the SCDNR reports to the TWC members in a separate email (completed 01-14-2015).  The 
TWC is encouraged to review the cove rotenone information to better understand this issue. 


 
2) What is the basis for using operation record data from 2000-2010?  What is the likelihood that 


generation, project flows, and therefore fish entrainment might significantly increase from this 
period of record over the term of the new license?    


We used 2000-2010 because it was readily available for other analysis (power production, flow 
record, etc.) that Kleinschmidt is performing for SCE&G.  The Group discussed looking closer at 
this data to see if it is representative of the flow years experienced at the project.  Kleinschmidt 
will look at the distribution of Drought, Normal, and High flow years within the 2000-2010 
dataset and compare it with the flow record at the project.  Kleinschmidt performed an analysis 
of the flow record with a discussion of how use of the 10-year record may influence our current 
entrainment estimates.  This analysis is attached in a section at the end of these notes. 
 
In general, the type of flow year will influence the two developments in the following ways.   
 
The higher the river flow – the more water that will pass through Parr (up to its hydraulic 
capacity of 6,000 cfs – then spill occurs) and the higher potential entrainment would be.  Higher 
water years don’t impact Fairfield as much but 1) they can reduce operations, due to cooler air 
temps (reduced demand) associated with rainy periods and 2) operations could be reduced 
because Fairfield operations cannot contribute to downstream flooding.   
 
In a lower flow year, the opposite happens.  Less water means Parr operates less = less 
entrainment.  Fairfield may operate more frequently:  1) to meet energy demands with warmer 
weather (higher energy demand) and 2) the downstream flooding restriction associated with 
operations wouldn’t typically apply during those years. 
 
Bill Marshall noted that he had talked with Byron and an additional question was – will the 
operation of Fairfield change with the new VC Summer stations being added – will there be less 
power demand on Fairfield. 
 
Bill A. explained that the addition of the VC Summer plants will likely increase the use of 
Fairfield for helping to stabilize the grid during non-peak periods.  Nuclear facilities don’t 
typically ramp up and down but produce a stable level of power.  During periods when there is 
“extra” power, SCE&G can use the power to run the pump back operations at Fairfield to keep 
the nuclear plant from having to alter their operations.   
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The Group also discussed the question at the end of Memo 3 where Henry stated that the 
entrainment estimates for Fairfield were likely an overestimate due to lower shad populations in 
Monticello.  There was some discussion with the final point being that estimates should not be 
adjusted because there is not an accurate way of making this adjustment and shad are susceptible 
to entrainment.  The TWC decided to analyze fish entrainment with a desktop study rather than a 
field study, so we have the best estimates we can make based on similar projects.  Henry stated 
that when we pull the final report together that we would likely state that the estimates are most 
likely high and then the TWC can comment on that for the record. 
 
Dick Christie reminded the Group that the fish entrainment study can point us in the right 
direction for developing protection measures (seasonal or location) that can help to reduce 
entrainment.  These can include sound deterrents, reduced lighting in the intake area, increased 
lighting in areas away from the intakes, or possibly other alternatives. 
 
Next Memo 
 
Henry stated that the next memo will include the proposed turbine mortality rates by family 
group that we will apply to the entrainment estimates.  This extrapolation will identify the 
potential mortality impact of the two developments on the fishery. 
 
 
  
 
ACTION ITEMS: 
 


• Henry will send the TWC the pdf. copies of the SCDNR fishery survey reports for the 
two developments.  ** This was completed on 1-14-2015. 
 


• TWC members will review the cove rotenone data in the SCDNR reports on Monticello 
Reservoir.  This will help us understand if the entrainment estimates are an overestimate 
or not.  
 


• Kleinschmidt will analyze the flow years 2000-2010 and compare to flow record to make 
sure we are using representative flow years in our estimates.  ** ATTACHED at the end 
of these Meeting Notes. 
 


• Kleinschmidt will develop the turbine mortality rates for the next Entrainment Evaluation 
Memo.
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Evaluation of Flows from 2000–2010 for their use in the Desktop Fish Entrainment Analysis 
 


   Prepared by: Brett Hoffman – Kleinschmidt – 01/15/2015    
 
Introduction 
At the request of the members of the Fisheries TWC, a comparison of the period or record used 
in the entrainment analysis (2000 – 2010, calendar years) with the entire period of annual 
average flow data available from the USGS Alston Gage (1981 – 2013) was made to determine 
whether representative flow years are being used in the entrainment analysis.  The selected 
dataset is known to have periods of extreme drought, therefore annual flow averages were 
checked to determine if some normal and wet years were also included. 
Evaluation 
Considering the statistical ranking of the annual average flows, the period 2000 – 2010 includes 
the two years with the lowest average flow (2001 and 2008), as well as the highest average flow 
year (2003).  The remaining years are at the 50 percent ranking or below, with 6 years in the 
lowest quartile.  While the bulk of the years are below the median, four are within the central 
third of the rank. 
 


Point 
Flow 
cfs Rank Percent 


Calendar 
Yr 


23 8,791 1 100.00% 2003 
15 8,187 2 96.80% 1995 
4 7,743 3 93.70% 1984 


13 7,558 4 90.60% 1993 
18 7,482 5 87.50% 1998 
3 7,399 6 84.30% 1983 


10 7,203 7 81.20% 1990 
16 6,917 8 78.10% 1996 
12 6,821 9 75.00% 1992 
11 6,530 10 71.80% 1991 
33 6,382 11 68.70% 2013 
14 6,091 12 65.60% 1994 
2 6,076 13 62.50% 1982 


17 5,949 14 59.30% 1997 
7 5,795 15 56.20% 1987 
9 5,536 16 53.10% 1989 


25 5,490 17 50.00% 2005 
5 5,295 18 46.80% 1985 


24 5,146 19 43.70% 2004 
29 4,718 20 40.60% 2009 
30 4,538 21 37.50% 2010 
6 4,002 22 34.30% 1986 


19 3,350 23 31.20% 1999 
1 3,313 24 28.10% 1981 
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26 3,186 25 25.00% 2006 
22 3,164 26 21.80% 2002 
20 3,015 27 18.70% 2000 
27 2,922 28 15.60% 2007 
8 2,897 29 12.50% 1988 


32 2,499 30 9.30% 2012 
31 2,483 31 6.20% 2011 
21 2,418 32 3.10% 2001 
28 2,115 33 0.00% 2008 


 
Because the flows through Fairfield are truncated during high inflows to prevent downstream 
flooding, high inflow events occurring several times in one year would reduce the pumped 
storage operations.  Intuitively, this would result in high inflow years having lower pumped 
storage operations.  Similarly, low inflow years with fewer high flow events would suggest 
higher pumped storage average flows. 
While some consideration for these inflow effects is warranted, pumped storage flows are far 
more attributable to the load demand on the pumped storage.  If low inflow years are associated 
with very hot temperatures, the pumped storage operations would be significantly higher.  
Associating high inflow years with cooler temperatures would have the opposite effect.  Future 
load demands may increase the flows on average, but the selected dataset appears to have 
representative years of low inflow coupled with excessive load demand (based on reservoir 
fluctuation records, daily maximum and minimum elevation lines in blue). 
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Flows for entrainment through the Parr powerhouse are limited to the station hydraulic capacity, 
6,000 cfs.  To account for this, daily average flows for the entire period of record were capped at 
6,000 cfs for comparison of the datasets.  Statistically, the entire period of record has 12,053 
days of flow data, of which 2,702 are above the station capacity (approximately 22.4 percent).  
For the dataset used in the entrainment evaluation, there were a total of 4,018 days of flow data, 
of which 591 are above station capacity (or 14.7 percent).  The total long term daily average 
flows within the powerhouse hydraulic capacity have an average of 3,596 cfs; the truncated 
period average flow is 3,040 cfs (approximately 15 percent lower). 
A generalized approach in considering the long-term average impact of higher flows through the 
Parr powerhouse could be done simply by increasing the entrainment values by 15%.  Increasing 
the flows on a monthly (or seasonally) basis may be of value, as the winter and early spring 
averages are closer to the long-term average then the summer averages. 
 


Table 2. Parr Shoals Development Monthly Average Flows 


 


Total 
Flows at 
Alston 
USGS 
Gage 


Parr 
Powerhouse 


Flow 


Powerhouse 
Monthly 


MCF 
 


Total 
Flows at 
Alston 
USGS 
Gage 


Parr 
Powerhouse 


Flow 


Powerhouse 
Monthly 


MCF 
 


Percent 
below 


long-term 
avg 


 
1981 - 2013 


 
2000 - 2010 flows 


  January 7,252 4,477 11,991 
 


5,055 3,806 10,195 
 


15.0% 
February 7,877 4,693 11,353 


 
5,397 4,073 9,854 


 
13.2% 


March 9,023 5,003 13,400 
 


7,643 4,627 12,393 
 


7.5% 
April 6,606 4,612 11,954 


 
5,624 4,087 10,594 


 
11.4% 


May 5,033 3,848 10,307 
 


3,875 2,990 8,008 
 


22.3% 
June 3,791 3,298 8,549 


 
3,352 2,687 6,964 


 
18.5% 


July 3,198 2,686 7,194 
 


2,673 2,158 5,780 
 


19.7% 
August 3,475 2,586 6,925 


 
2,392 1,938 5,191 


 
25.0% 


September 2,760 2,369 6,142 
 


2,993 2,072 5,370 
 


12.6% 
October 3,502 2,509 6,720 


 
2,220 1,960 5,250 


 
21.9% 


November 3,989 3,037 7,871 
 


3,179 2,576 6,677 
 


15.2% 
December 5,828 4,094 10,966 


 
5,295 3,570 9,562 


 
12.8% 


 
Summary 
Based on the data evaluated, the period used in the dataset does represent lower-than-average 
flows in general.  While this does indicate flows through the Parr powerhouse are likely higher 
on a long-term basis, it does not signify lower flows through the pumped storage development.  
Parr flows appear to be about 15% lower, but the pumped storage operation is probably 
representative of future conditions. 
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PARR HYDROELECTRIC PROJECT FERC NO. 1894 
 


Fisheries TWC – Entrainment and Turbine Mortality 
 


MEETING NOTES 
February 10, 2015 


Draft 02-11-2015   
 
ATTENDEES via Conference Call:      
 
Bill Argentieri (SCE&G)  Milton Quattlebaum (SCANA) 
Brandon Stutts (SCANA)   Steve Summer (SCANA)   
Hal Beard (SCDNR)   Bill Marshall (SCDNR)   
Ron Ahle (SCDNR)   Dick Christie (SCDNR)   
Jordan Johnson (Kleinschmidt) Henry Mealing (Kleinschmidt) 
Shane Boring (Kleinschmidt) 
             
These notes serve as a summary of the major points presented during the meeting and are not 
intended to be a transcript or analysis of the meeting. 
 
Henry opened the meeting and noted that the group had two major actions.  The first is to review 
the status of old action items from our last meeting.  The second is to discuss the Hold Point 4 
Memo (January 30, 2015) which presents average fish turbine mortality/survival rates developed 
from the turbine mortality database presented in Memo 1, and review the Hold Point 4 
Addendum (February 9, 2015) which responds to the USFWS comments on the Hold Point 4 
Memo.   
 
Old Action Items 
 
Project flow analysis - At the request of the members of the Fisheries TWC, we performed a 
comparison of the period of record used in the entrainment analysis (2000 – 2010) with the 
period of record available for the USGS Alston Gage (1981 – 2013) to determine whether 
representative flow years are being used in the entrainment analysis.  The analysis was provided 
in the last set of Fisheries TWC notes.   
 
The selected dataset includes years of high, average, and low flows. Overall the dataset appears 
to be about 15% lower for Parr Shoals operations, but is representative of pumpback operations. 
 
SCDNR annual fishery reports – Henry noted that Kelly Miller has distributed PDF copies of 
SCDNR annual reports to TWC members via email on.  Attendees noted that these were 
received. 
 
Cove rotenone review – Henry provided his observations on the cove rotenone data for 
Monticello in the last Fisheries TWC meeting notes.  The analysis was intended to provide 
information on whether the Fairfield entrainment estimate is an overestimate or not.  
 
Henry asked for comments or questions on these three items.  Attendees had no additional 
comments and the group agreed that the information was sufficient for moving forward to the 
next phase of the study.   
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Hold Point 4 Memo 
Henry noted that the Hold Point 4 Memo (January 30, 2015) presented proposed fish survival 
rates for turbine passage by species and family group.  Hal asked which projects in the turbine 
mortality database were most similar to Parr Shoals.  Henry noted that the Stevens Creek 
turbines were of similar vintage and design and were most similar from a project design 
standpoint.  From a turbine survival data quality standpoint, Henry noted that he was most 
confident in the Columbia Hydro data since he was on-site for the testing process.  Ron 
expressed concern that the source studies selected for turbine mortality data for Parr Shoals 
might not be transferrable to Fairfield due to the unique characteristic of the pumped storage 
operation.  Henry agreed and reminded that we have separate turbine mortality estimates for the 
Parr Shoals and Fairfield developments based on different projects in the database. 
 
The group discussed the Hold Point 4 Addendum.  Henry noted that Byron Hamstead (USFWS) 
had provided comments on Hold Point Memo 4 via email on February 3, 2015, and that the 
Addendum was developed to address his comments. The USFWS Question 1 was simply a 
request for clarification regarding the calculation of survival rates, which is provided in the 
addendum.  The group then discussed the addendum in the context of the remaining 2 questions 
from USFWS. 
 
USFWS Question 2 addressed modifying the study data based on adjusting the number of tested 
and recovered test fish.  Henry noted that we recalculated the survival rates based on the USFWS 
recommendation to use the total number of fish tested and assume that ½ of them died.  He noted 
that this information was presented in several Tables in the Addendum.  Several attendees 
expressed concern that arbitrarily modifying turbine survival rates across all projects could likely 
introduce error into our “order-of-magnitude” estimates and assuming that 50% of the 
unrecovered fish had died or survived was simply “pulling a number out of the air,”.  The group 
generally agreed that we should use the original data reported from the turbine mortality/survival 
studies and that we should follow up with Byron to make sure we properly understand the 
USFWS concerns and recommendation.    
 
USFWS Question 3 addressed the use of including 24-hr and 48-hr latent mortality information 
where it is available.  Henry noted that 24 & 48 hour latent mortality rates had been compiled 
from the source studies and were presented in the Addendum.  The group had a general 
discussion of the how some studies were done better than others and how these could be 
magnified in latent mortality estimates.  After discussion, the group agreed that the final 
entrainment report should present fish mortality estimates for Immediate, 24-hr, and 48-hr fish 
mortality. 
 
In closing, Henry noted that the next step would be to apply the turbine mortality to the family 
level entrainment estimates summarized in previous hold point memoranda and to compile the 
result of the overall process into a draft report for TWC review.   
 
ACTION ITEMS: 


• Henry, Dick, and Bill A will conference call with Byron to discuss the USFWS 
Recommendations further. 


• Kleinschmidt will prepare a draft entrainment report for TWC review.   
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From: Kelly Miller
To: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon
(mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece (Karla.Reece@noaa.gov); Kelly Miller; Lorianne Riggin
(RigginL@dnr.sc.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane
Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: Doodle Poll - Fisheries TWC Meeting
Date: Wednesday, September 09, 2015 4:01:08 PM

Good afternoon,
We would like to schedule a meeting to review the aerial data collected at Monticello Reservoir as
part of the Reservoir Fluctuation Study. If you are interested in joining us for this meeting , please
follow the link below to vote for which day is most convenient for you. Please note that we will be
meeting at the Kleinschmidt office, in Lexington, SC.
http://doodle.com/poll/ztcxmddwgfv2rbnp
Thanks!
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Gerrit Jobsis
To: Hamstead, Byron
Cc: Shane Boring; Kelly Miller; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill

Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston (caleb.gaston@scana.com); Chad
Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Greg
Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing; Jim Glover
(gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece (Karla.Reece@noaa.gov); Lorianne Riggin
(RigginL@dnr.sc.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Steve
Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov); SCO Conference Room

Subject: Re: Parr Shoals Dam - West Channel IFIM Calibration Flows
Date: Wednesday, October 07, 2015 9:07:29 PM

Thanks for your logical comments Byron. I agree that assessing flows up to 2000 cfs is a good target.

Gerrit

Sent from my iPhone

On Oct 7, 2015, at 4:05 PM, Hamstead, Byron <byron_hamstead@fws.gov<mailto:byron_hamstead@fws.gov>>
wrote:

All,

I think that one of our goals here is to model the point at which additional flows have diminishing returns for habitat
quality for target spp.  That inflection point may occur above 1250 cfs, but maybe higher.  Just in case, I would
prefer that the upper calibration flow is a little higher, say around 800 cfs.  This would give us the ability to model
habitat conditions at 2000 cfs in the west channel.  I understand that flow in the west channel is not as easily
controlled as it is below the powerhouse, so I expect that a calibration flow of precisely 800 cfs may not be possible.
I am OK with a ballpark approximation.

I hope yall are doing well and are starting to dry out a little. Please let me know if you have any questions/issues
with this request.

B

Byron Hamstead
Fish and Wildlife Biologist
USFWS Asheville Field Office
160 Zillicoa St., Suite B
Asheville, NC, 28801

828-258-3939 ext. 225

This email correspondence an any attachments to and from this sender is subject to the Freedom of Information Act
and may be disclosed to third parties.

On Tue, Sep 29, 2015 at 9:41 AM, Shane Boring
<Shane.Boring@kleinschmidtgroup.com<mailto:Shane.Boring@kleinschmidtgroup.com>> wrote:
Dear Fisheries TWC Members:

We have completed data collection for all of the PHABSIM transects for the Parr IFIM study, with the exception of
Study Site 2, which is located in the West Channel.  Because Study Site 2 receives little to no flow from the
powerhouse, it requires its own set of calibration flows for the PHABSIM modeling.  We have selected the
following calibration flows:
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  *   Leakage (100-150 cfs)
  *   Approx. 300 cfs
  *   Approx. 500 cfs

This flow schedule will allow us to model habitat from approximately 60 cfs (40% below the lowest flow) up to 2.5
times the highest flow (approximately 1500 cfs).

If you could provide your concurrence with these flows by close-of-business next Monday, October 5th, that would
be greatly appreciated.  We are approaching a window over the next couple of week that will be ideal for collecting
West Channel data.

Thanks and please don’t hesitate to call with questions.

C. Shane Boring
Environmental Scientist
[cid:image001.gif@01D0FA9A.F56B1E50]
Office: 803.462.5625
www.KleinschmidtGroup.com<http://www.KleinschmidtUSA.com>
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From: Dick Christie
To: Shane Boring; Kelly Miller; Alison Jakupca; "ARGENTIERI, WILLIAM R"; Bill Marshall; "Bill Stangler

(CRK@congareeriverkeeper.org)"; "BRESNAHAN, AMY"; "Byron Hamstead (Byron_hamstead@fws.gov)"; "Caleb
Gaston (caleb.gaston@scana.com)"; "Chad Altman (altmankc@dhec.sc.gov)"; "Fritz Rohde
(Fritz.Rohde@noaa.gov)"; "Gerrit Jobsis (gjobsis@americanrivers.org)"; Greg Mixon; Hal Beard; Henry Mealing;
"Jim Glover (gloverjb@dhec.sc.gov)"; Jordan Johnson; "Karla Reece (Karla.Reece@noaa.gov)"; Lorianne Riggin;
"rammarell@scana.com"; "Randy Mahan (randolph.mahan@scana.com)"; "randy mahan (rmahan@sc.rr.com)";
Robert Stroud; Ron Ahle; Sam Stokes Jr.; "Steve Summer"; "STUTTS, BRANDON G"; "Tom McCoy
(thomas_mccoy@fws.gov)"; SCO Conference Room

Subject: RE: Parr Shoals Dam - West Channel IFIM Calibration Flows
Date: Thursday, October 08, 2015 10:27:28 AM

Hi Shane - we concur with Byron's suggestion to increase the proposed high flow from 500 cfs to
about 800 cfs.  
 

From: Shane Boring [mailto:Shane.Boring@KleinschmidtGroup.com] 
Sent: Tuesday, September 29, 2015 9:41 AM
To: Kelly Miller; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall; Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov);
Caleb Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie; Fritz
Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon; Hal Beard;
Henry Mealing; Jim Glover (gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece
(Karla.Reece@noaa.gov); Lorianne Riggin; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert Stroud; Ron Ahle; Sam Stokes
Jr.; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov); SCO Conference
Room
Subject: Parr Shoals Dam - West Channel IFIM Calibration Flows
Importance: High
 
Dear Fisheries TWC Members:
 
We have completed data collection for all of the PHABSIM transects for the Parr IFIM study, with the
exception of Study Site 2, which is located in the West Channel.  Because Study Site 2 receives little
to no flow from the powerhouse, it requires its own set of calibration flows for the PHABSIM
modeling.  We have selected the following calibration flows:
 

Leakage (100-150 cfs)
Approx. 300 cfs
Approx. 500 cfs

 
This flow schedule will allow us to model habitat from approximately 60 cfs (40% below the lowest
flow) up to 2.5 times the highest flow (approximately 1500 cfs).
 
If you could provide your concurrence with these flows by close-of-business next Monday, October

5th, that would be greatly appreciated.  We are approaching a window over the next couple of week
that will be ideal for collecting West Channel data. 
 
Thanks and please don’t hesitate to call with questions.
 
 
C. Shane Boring
Environmental Scientist
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From: Kelly Miller
To: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry
Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Kelly Miller;
QUATTLEBAUM, MILTON; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane
Boring; Steve Summer; Tom McCoy (thomas_mccoy@fws.gov)

Subject: SCDNR Reports - 1
Date: Wednesday, January 14, 2015 8:44:54 AM
Attachments: image001.png

Fisheries Investigation in Lakes and Streams District IV July 1, 1998 to June 30, 1999.pdf
Fisheries Investigations in Lakes and Streams July 1, 1996 thru June 30, 1997.pdf

Dear TWC Member,
 
Attached are pdf copies of the SCDNR reports that I referenced in our meeting last week. (Due
to file sizes, you will receive a total of 3 emails that will contain all 4 reports.)  I have looked
through these and there is some information available on shad populations.  Dick Christie’s
recollections were correct about gizzard shad dominating the forage base by biomass. 
Observations on the fishery from two of the reports (Fisheries Investigations in Lake and
Streams District IV July 1, 1989 to June 30, 1992 and Fisheries Investigations in Lakes and
Streams July 1, 1996 thru June 30, 1997 include:

·         discussions of threadfin shad (TFS) and gizzard shad (GZS) populations – also that
there is a higher composition of GZS over TFS in the dam/intake area. 

·         TFS form a large part of the Age 0 prey base but GZS grow to larger sizes and make up
more of the shad biomass of the reservoir. 

·         Both reports give a description of cove rotenone collections in Lake Monticello. 
·         General observations are that the shad densities in the lake are lower than other

nearby lakes due to lower nutrient levels.
·         There is also a section of both reports that describe the use and success of fish

attractors on Lake Monticello.
 
These reports have reinforced my belief that potential entrainment of shad at the project will
not be as high as our estimated predictions, because there are not that many shad present. 
However, our review of entrainment studies show that shad present in the intake areas (both
in the reservoir for conventional generation and in the tailrace for pumpback) are susceptible
to entrainment.  We will include this information in the final Entrainment Report and include
the TWC additional comments.
 
Thanks for your continued assistance.
 
Henry
Henry Mealing
Fisheries Biologist / Project Manager
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204 Caughman Farm Lane
Suite 301
Lexington, SC  29072
706-339-3209
www.KleinschmidtGroup.com
 

http://www.kleinschmidtusa.com/


From: Alison Jakupca
To: Bill Marshall; scswampduck@gmail.com; showboatjbd@yahoo.com; jemckenzie@columbiasc.net;

grizzeav@hotmail.com; John Tate; lenbell@windstream.net; Charlene Coleman (cheetahtrk@yahoo.com);
crk@congareeriverkeeper.org; Gerrit Jobsis (gjobsis@americanrivers.org); stuart; edye@bteamkayaking.com;
Malcolm Leaphart (mwleapjr@att.net)

Cc: ARGENTIERI, WILLIAM R; Henry Mealing; Kelly Miller; "BRESNAHAN, AMY"
Subject: Parr Hydroelectric Project - Recreational Flow User Survey
Date: Monday, November 09, 2015 1:49:31 PM

Good Afternoon,
I hope that everyone is doing well. As you recall, we held a Recreational Flow Focus Group meeting
in December 2014 as part of the Downstream Recreational Flow Assessment Study for the Parr
Hydroelectric Project. An important objective of that focus group was to gather information that
characterizes non-motorized boating use and preferred river flows associated with recreational use
on the Broad River downstream of the Parr Shoals Dam, primarily as they relate to wade-angling,
canoeing and/or kayaking.
Now that the 2015 recreation season is coming to a close, we wanted to again gather your views on
recreational use and preferred river flows on the Broad River between Parr Shoals Dam and
approximately Boatwright Island. In lieu of holding another focus group meeting, we thought that it
may be a more effective use of your time to issue a short, online survey to garner your opinions.
You can link to the survey here: https://www.surveymonkey.com/r/TWK9QPS

I will close the survey on November 30th, so please have your opinions in before that date. If you
have any questions, please do not hesitate to shoot me an email or give me a call. Thank you very
much in advance.
Alison Jakupca
Regulatory Coordinator
Kleinschmidt Associates
Office: 803.462.5628
www.Kleinschmidtusa.com
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From: Kelly Kirven
To: (msgentry@columbiasc.net); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill

Stangler (CRK@congareeriverkeeper.org); Bob Perry; BRESNAHAN, AMY; Bret Hoffman; btrump@scana.com;
Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman (altmankc@dhec.sc.gov); Charlene Coleman
(cheetahtrk@yahoo.com); Chris Johnston (JohnstonWC@gmail.com); Chuck Hightower (hightocw@dhec.sc.gov);
David Eargle (eargleda@dhec.sc.gov); Dick Christie (dchristie@comporium.net); Edye Joyner; Elizabeth Johnson
(emjohnson@scdah.state.sc.us); Elizabeth LeMaster; Erich Miarka (erich.miarka@gillscreekwatershed.org);
Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerritt Jobsis (gjobsis@americanrivers.org); Greg
Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing; J. Hagood Hamilton Jr.
(jhamilton@scana.com); Jaclyn Daly (Jaclyn.Daly@noaa.gov); Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Joe Wojcicki; John Fantry (jfantry@bellsouth.net); John Grego (jrgrego@pop.mindspring.com); Jon Durham
(jondurham@bellsouth.net); Kamau Marcharia (marcharia@aol.com); Karla Reece (Karla.Reece@noaa.gov); Kelly
Kirven; Kerry Castle (castlek@dnr.sc.gov); Larry Newton (LNewton@sc.rr.com); Malcolm Leaphart
(mwleapjr@att.net); Mark Caldwell (mark_caldwell@fws.gov); Mark Cantrell (mark_a_cantrell@fws.gov); Mark
Davis; Mel Jenkins (greenpalmetto@yahoo.com); Merrill McGregor (merrillm@scccl.org); Mike Mastry
(Mike.Mastry@noaa.gov); Mike McSwain (mcswain@comcast.net); Pace Wilber (Pace.Wilber@noaa.gov); Phil
Gaines (pgaines@scprt.com); Rachel Sweeney (rachel.sweeney@noaa.gov); rammarell@scana.com; Randy
Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov);
Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Sam Stokes (stokess@dnr.sc.gov); Scott Castleberry
(castlews@dhec.sc.gov); Scott Collins (secollins@scana.com); Scott Harder; Shane Boring; "Sherer, Jonathan";
Steve Summer; STUTTS, BRANDON G; SUMMER, MICHAEL C; tboozer@scana.com; Theresa Powers; Tom McCoy
(thomas_mccoy@fws.gov); Wayne and Ginny Boland (wayneboland@bellsouth.net); William Hendrix
(HendrixWB@dot.state.sc.us); Alison Jakupca; Dick Christie (christied@dnr.sc.gov); Henry Mealing; Kelly Kirven;
Lorianne Riggin (RigginL@dnr.sc.gov); Shane Boring; David Haddon (dhaddon@scana.com); Jeff Carter
(jmcarter00@sc.rr.com); Bruce Halverson; Caleb Gaston (caleb.gaston@scana.com); Brandon Kulik; Ley,
Amanda; Alison Jakupca; Henry Mealing; Jay Maher; Jordan Johnson; Kelly Kirven; Shane Boring

Subject: Parr Hydroelectric Project 2015 Study Review Memo
Date: Wednesday, December 16, 2015 3:52:04 PM
Attachments: 2015-12-16 Parr Fairfield Studies Update Memo for Relicensing Stakeholde....pdf

Good Afternoon Everyone,
As 2015 comes to a close, we wanted to provide you with an overview of the significant progress
that has taken place on the studies undertaken in support of the Parr Hydroelectric Project
Relicensing. The attached memo outlines the various studies that are currently underway, what has
been accomplished to date, and any remaining tasks. This memo also provides an overview of
significant milestones for 2016. Please do not hesitate to let us know if you have any questions
regarding this memo or the studies discussed within. Thank you for your efforts so far, and we look
forward to your continued participation for a successful relicensing. Happy Holidays.
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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MEMORANDUM 
 


TO: Parr Hydroelectric Project Relicensing Stakeholders  
 


FROM: Alison Jakupca – Kleinschmidt Associates 
 


DATE: December 16, 2015 
 


RE: 2015 Relicensing Study Review  
 
 


The purpose of this memo is to provide stakeholders with a brief overview of the Parr 
Hydroelectric Project relicensing study progress and outline the “next steps” moving forward 
into 2016.  Each study is broken out by Resource Conservation Group (RCG) and/or Technical 
Working Committee (TWC).  The following studies are covered in this memo, along with a 2016 
Action Item Summary: 


• Monticello Reservoir and Parr Reservoir Waterfowl Survey 
• Instream Flow Incremental Methodology (IFIM) Study 
• Desktop Fish Entrainment Study 
• Reservoir Fluctuation Summary 
• American Eel Abundance Study 
• Analysis of Flow Fluctuations 
• Rare, Threatened & Endangered Species Report 
• Rocky Shoals Spider Lily Summary 
• Broad River Spiny Crayfish Study 
• Monticello Reservoir Freshwater Mussel Reconnaissance Survey 
• Water Quality in West Channel Study  
• Parr Forebay Water Quality 2015 Summary 
• Shoreline Management Plans (Parr & Monticello) and Permitting Handbook 
• Recreation Use and Needs Study  
• Downstream Recreational Flow Assessment 
• Downstream Navigational Flow Assessment 
• Hydraulic & Project Operations Model 
• 2016 Action Items Overview 


______________________________________________________________________________ 
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FISH, WILDLIFE AND WATER QUALITY RCG 
 


 
Monticello Reservoir and Parr Reservoir Waterfowl Survey 


Summary:  Surveys Ongoing 


Accomplishments:  
 


• Savannah River Ecology Lab (SREL) conducted first aerial survey of the 2015/2016 
overwintering season on Nov 17th. 


 
Remaining Tasks:  


• The second survey of the season will be conducted during first 2 weeks of December.  
Currently, eight surveys remain for the 2015/2016 season:   2 in December, 2 in January, 
and 2 in February, and 2 in March. 


• Memoranda are being prepared following each survey summarizing results; memoranda 
distributed via email within 7 days of flight. 


• Draft report for 2015/2016 season expected from SREL by April 15, 2016.  A second 
season of surveys will be conducted in 2016/2017 overwintering season.  Final report will 
be prepared encompassing both survey years in Spring 2017.   


 
 


INSTREAM FLOWS TWC 
 


Instream Flow Incremental Methodology (IFIM) Study 


Summary:  Field Data Collection Ongoing - Modeling Ongoing 


Accomplishments:  
 


• The primary objective for 2015 was to complete the collection of all field data and to 
begin modeling in Fall 2015.   


• Collection of 2000 cfs calibration flow – Completed in June 2015 
• Collection of 400 cfs calibration flows – Completed in July 2015 
• 2-D and PHABSIM modeling has begun per work plan.   
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Overall data needs for each of the 10 study sites was summarized in the Table below, which was 
included in the 2015 Work Plan.  Shading shows tasks that have been completed or are not 
applicable to that study site: 
 
  400 cfs 2,000 cfs 10,000 cfs 
Study 
Site 


Site Type Velocity Substrate WSEL Velocity Bed 
Profile 


WSEL WSEL 


1 Water 
Quality / 
Fish Passage 


N/A 
 


N/A 
 


X N/A 
 


N/A 
 


X N/A 
 


2 PHABSIM X X X X X X X 
3 PHABSIM X X X X X X X 
4 Wetted 


Perimeter/Fis
h and Rec. 
Passage 


N/A 
 


N/A 
 


X N/A 
 


N/A 
 


X X 


5 PHABSIM X X X X X X X 
6 PHABSIM X X X X X X X 
7 PHABSIM/fi


sh and rec. 
passage 


X X X X X X X 


8 PHABSIM X X X X X X X 
9 Dem. Flow 


only 
N/A 


 
N/A 


 
N/A 


 
N/A 


 
N/A 


 
N/A 


 
N/A 


 
10 2-D Habitat 


Model 
N/A 


 
X1 N/A 


 
N/A 


 
N/A 


 
X X 


Ledge 
#2 


Fish and Rec. 
Passage 


N/A 
 


N/A 
 


X N/A 
 


X X N/A 
 


 
 
Remaining Tasks: 
 


• Collect “low” calibration velocity measurements in Bookman Shoals in support of 2-D 
model.  After consulting with 2-D modelers and Brandon Kulik, a flow of 800 – 1000 cfs 
is being targeted. This work is scheduled for week of December 7th .  


• Collect any clean-up elevation data associated with benchmarks, fish passage ledges and 
in Bookman Shoals.  Will be collected concurrent with low flow velocity measurement in 
Bookman.   


• PHABSIM results for West Channel (Site 2) will be first work results produced from 
Study.  Expected January 22nd 2016. 


• 2-D and PHABSIM modeling will be complete by March 15th 2016. 
• In accordance with Study Plan, stakeholder draft of report will be complete May 1st 2016.   


 


                                                 
1 To be collected concurrent with “low” velocity measurement to allow for better access to substrate.   
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FISHERIES TWC 
 


Desktop Fish Entrainment Study 


Summary:  Study Complete 


Accomplishments:  
 


• On June 12, 2014, Kleinschmidt began development of a series of memos for each step of 
the Entrainment analysis as outlined in the approved Study Plan. 


• Each memo was sent to the TWC members for review and comment. 
• The TWC members also had follow up meetings to discuss the results of each step in the 


analysis. 
• On April 21, 2015, Kleinschmidt sent out the draft Parr/Fairfield Entrainment Report to 


the TWC for review and comment.   
• We received comments from SCDNR and addressed those comments in an additional 


memo. 
• On September 14, 2015, Kleinschmidt issued the Final Entrainment Report. 


 
Remaining Tasks:  


• The study results will be available for the process of developing Protection Mitigation & 
Enhancement measures for the Final License Application and Settlement Agreement. 


 


Reservoir Fluctuation Summary 


Summary:  Study Ongoing 


Accomplishments:  
 


• Kleinschmidt is currently completing the first data summary memos for Parr Reservoir 
habitat data and Monticello Reservoir fish enhancements. 


 
Remaining Tasks:  


• Draft for stakeholder review –week of January 5, 2016. 
• TWC discussion – February 2016 
• Finalize Report – March 2016 
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American Eel Abundance Study 


Summary:  Field Data Collection Complete – Report in Progress 


Accomplishments:  
 


• Three eel ramps and a fyke net deployed during the last week of February 2015.  
• All gear was deployed at the base of Parr dam, with 2 ramps and a fyke net on the west 


channel side, and one ramp at the base of the powerhouse.  
• Sampling began on March 1st, 2015, and was retrieved on June 12th, 2015.  
• Electrofishing was completed around the base of the dam three times between March and 


June.  
• No eels were collected with eel ramps or the fyke net. One eel was collected during 


electrofishing efforts.  
• Gear was again deployed on October 9th, 2015, and retrieved on November 16th, 2015. 


However, high flows during this time frame limited the amount of time that the gear 
effectively fished for eels. One electrofishing effort was conducted during this time 
frame, and no eels were collected. 


 
Remaining Tasks:  


• A draft report will be sent to the TWC members by January 5th 2015. 
 


Analysis of Flow Fluctuations 


Summary:  Baseline Data Analysis Complete – Memo/Report in Progress 


Accomplishments:  
 


• Data analysis of 5,000 cfs project-induced flow variance is complete. 
• Sample graphs developed showing comparison of flows: 


o Between Inflow to Parr and outflow in the Broad River 
o Inflow to Parr and flow in Congaree – with and without Parr influence 
o Saluda River discharge influence on Congaree flows 


 
Remaining Tasks:  


• A draft report will be ready for stakeholder review by 12/30.   
• A Fisheries TWC meeting will be scheduled in January 2016 to discuss the report 


findings. 
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RT&E TWC 
 


Rare, Threatened & Endangered Species Report 


Summary:  Final Report Complete 


Accomplishments:  
 


• The RT&E report was updated based on a request from USFWS to add in additional at-
risk species and Birds of Conservation Concern. 


• The revised RT&E report was sent to stakeholders for review on 11/18.  Comments were 
due from stakeholders on 12/2.  The final report was issued on 12/7. 


 
Remaining Tasks:  


• The final report can be included as a topic of discussion at the RT&E TWC meeting, 
scheduled for on or around 2/15/16. 


 
Rocky Shoals Spider Lily Summary 


Summary:  Complete 


Accomplishments:  
 


• Final Summary Report issued and posted to website on 11-4-15. 
 
Remaining Tasks:  


• The Summary Report can be included as a topic of discussion on the RT&E TWC 
meeting, scheduled for on or around 2/15/16. 


 
Broad River Spiny Crayfish Study 


Summary:  Field Work Complete – Report Review Underway 


Accomplishments:  
 


• Sampling began in October and completed in November 2015.  Collections took place at 
each of the sampling areas recommended by the USFWS and included in the Study Plan.  
No Broad River spiny crayfish were collected during the sampling. 


 
Remaining Tasks:  


• Draft report will be issued to stakeholders by December 14th. 
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Monticello Reservoir Freshwater Mussel Reconnaissance Survey 


Summary:  Field Work Complete – Report Underway 


Accomplishments:  
 


• Catena Group began sampling on September 16th and field work wrapped up the week of 
November 2nd.  Sampling was conducted in accordance with the study plan and several 
native freshwater mussel species were found. 


 
Remaining Tasks:  


• Draft Report to stakeholders anticipated for January 8th. 
 
 


WATER QUALITY TWC 
 
 
Water Quality in West Channel Study  


Summary:  Data Collection Complete – Data Analysis Underway 


Accomplishments:  
 


• All data has been collected and data cleaning and analysis has begun.   
 


Remaining Tasks:  


• Draft report is due to stakeholders by 2/5/16.  WQ TWC meeting to be scheduled at end 
of February 2016. 


 
 
Parr Turbine Venting Testing 


Summary:  Data Collection Complete – Data Analysis Underway 


Accomplishments:  
 


• All units were tested for turbine venting 
• Forebay data was collected and data cleaning and analysis has begun.   
 


Remaining Tasks:  


• Draft report is due to stakeholders by 2/5/16.  WQ TWC meeting to be scheduled at end 
of February 2016.
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LAKE & LAND MANAGEMENT AND RECREATION RCG 
 
 


LAKE & LAND MANAGEMENT TWC 
 
 
Shoreline Management Plans (Parr & Monticello) and Permitting Handbook 


Summary:  Complete and awaiting additional TWC meeting to discuss public hunting within 
the PBL. 


Accomplishments:  
 


• Meeting with TWC to review SMP’s and perform a shoreline GIS review on April 22, 
2015 and a meeting to review SMP revisions and Permitting Handbook on August 20, 
2015. 


• TWC edits incorporated and final drafts ready with the exception of “public hunting” 
language.   


 
Remaining Tasks:  


• RCG/TWC meeting to discuss public hunting within the PBL. 
• Finalize “public hunting” language subsequent to RCG/TWC meeting to close-out SMP’s 


and Permitting Handbook. 
 
 


RECREATION TWC 
 
 
Recreation Use and Needs Study  


Summary:  Study Underway – Data Entry Ongoing 


Accomplishments:  
 


• Data collection began at recreation sites on Parr and Monticello on April 1, 2015.  
Interview survey collection completed following Labor Day, 2015.  Interviews resume in 
February 2016 to capture early crappie season.  


• Traffic counter data is being downloaded biweekly. 
• Survey data entry has begun.  
• Waterfowl surveys were distributed from November 21- 28 - every Wednesday and 


Saturday. 
• A Waterfowl Focus Group was held in December 2014 and information was used to 


develop waterfowl survey tools.  Additional focus group meetings will be determined 
following a summary of waterfowl hunting survey data.   
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Remaining Tasks:  


• Continued distribution of waterfowl surveys through waterfowl season- December 12-Jan 
31 (Wed. and Sat.).  


• Traffic counter data downloading continuing bi-weekly. 
• Interview survey collection will continue February 1-March 31 on Monticello Reservoir. 


 
 
Downstream Recreational Flow Assessment 


Summary:  Study Underway  


Accomplishments:  
 


• Focus group held in December 2014 with final meeting summary provided in early 2015. 
• A 2015 Recreation Users survey was developed and distributed to focus group members 


via Survey Monkey –survey responses were collected until November 30th.   
 


Remaining Tasks:  


• Summarize survey data and provide to SCE&G by December 11th. 
• Schedule internal meeting to discuss the need for either a TWC/RCG meeting on 


recreation flows or the need to hold a field exercise to test various recreational flows. 
 
Downstream Navigational Flow Assessment 


Summary:  Data Collection Underway  


Accomplishments:  
 


• Navigational flow data collection underway and ledges will be mapped week of 
December 7th.   


 
Remaining Tasks:  


• Results will be summarized in the IFIM report, scheduled to be complete May 1st, 2016. 
 
 


OPERATIONS RCG 
 
Hydraulic & Project Operations Model 


Summary:  Base Model Complete - Establishing Historic and Future Datasets  


Accomplishments:  
 


• The last meeting was held in May 2015, with historic and future load demands a key 
component to establish final model. 
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Remaining Tasks:  


• Future load demand data is being incorporated into the model.  Models anticipated to be 
complete in March 2016 for RCG discussion. 


 
 
_____________________________________________________________________________ 


2016 ACTION ITEMS OVERVIEW 
 
Complete 1st year studies that are currently ongoing and hold RCG/TWC review meetings: 


• Eel Abundance study Report and Meeting – 1st Quarter 2016 
• Downstream Flow Analysis – 1st Quarter 2016 
• Reservoir Fluctuation Study Review Meeting – 1st Quarter 2016 
• SMP public hunting TWC discussion – 1st Quarter 2016 
• RT&E/Crayfish/Spider Lily/Mussel Report Meeting –1st Quarter 2016 
• Water Quality (West Channel and Forebay) Reports and Meeting  – 1st and 2nd Quarter 


2016 
• Operations Model – 2nd/3rd Quarter 2016. 
• IFIM PHABSIM/Nav. Flow Modeling and Report and Meeting – 2nd/3rd Quarter 2016 
• Waterfowl Surveys – Throughout 2016 
• RUNS Study, Report and Meeting– 3rd/4th Quarter 2016 


Determine if additional studies are needed: 
• Downstream Flow Analysis – Shortnose Sturgeon Movements – 1st Quarter 2016 
• Recreational Flow Site Reconnaissance –  Determine the need in the 1st Quarter 2016  


Determine Operations Model Inputs – 3rd Quarter 2016 
 
Begin Drafting DLA – 3rd Quarter 2016 
 
 







From: Kelly Kirven
To: Scott Collins (secollins@scana.com); Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM

R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon
(mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece (Karla.Reece@noaa.gov); Kelly Kirven; Lorianne Riggin
(RigginL@dnr.sc.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane
Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: Monticello Reservoir Fluctuation Meeting Notice
Date: Thursday, April 28, 2016 2:49:09 PM

Good afternoon,
 
We looked at the Doodle Poll results for the field trip to Monticello Reservoir to develop Habitat
Enhancement recommendations, and Monday, May 23, 2016 is the best date for a majority of TWC
members.  We will plan to meet that morning at 9:00 AM at the Hwy 99 Boat Ramp on Monticello
Reservoir.  It will likely take us all day to complete our review of Habitat Enhancement sites on the
lake, so please plan to be on the boat until around 4:00 pm.  SCE&G will provide the boats and will
have a cooler with water for everyone.  Please bring your lunch and a PFD for the trip.  We will have
maps and depth contours available for review during the day.  We will also have the opportunity to
wade certain areas of interest if desired, so wear the appropriate clothing for a variety of activities. 
In the event of thunderstorms that day, we will reschedule for a later date.
 
I will send out an Outlook meeting notice for this field trip.  If you plan to join us, please RSVP to me

by accepting the meeting notice or by sending me an email by Monday, May 16th, so that we know
how many boats are needed.
 
We look forward to seeing you at the meeting and moving one step closer to developing a PM&E
that will address reservoir fluctuations on Monticello Reservoir.
 
Thanks,
Kelly
 
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com
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From: Kelly Kirven
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Chuck Hightower (hightocw@dhec.sc.gov);
David Eargle (eargleda@dhec.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Kelly Kirven; Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin
(RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: West Channel Field Meeting - June 23, 2016
Date: Monday, May 02, 2016 11:51:44 AM

Good morning,
At the Water Quality TWC meeting, held on March 23, 2016, the group discussed the need to
schedule a site visit to the West Channel area downstream of Parr Shoals Dam during low flows.
Based on the doodle poll results we received, we have selected June 23, 2016 to meet at the west
side of Parr Shoals Dam and view the West Channel area.
We will meet at the junction of Broad River Road and Parr Shoals Rd, Pomaria, SC – then proceed
down through the gates to Parr Shoals Dam.
Please plan to meet with us between 8:00 am and 12:00 pm to:

· observe the West Channel area during dam leakage flows (8am – 10am)
· observe a range of spills from gates 1&2 (100 to 300 cfs) (10am – 12pm)
· finalize our plans for additional monitoring in August and evaluation of pulse flow testing

Plan to either wet wade with tennis shoes and pants/shorts or bring some waders. It will likely be
very hot so be sure to dress appropriately and have sunscreen. We will have some waters on hand
and will take breaks as needed.
If you would like to see an alternative observation plan, please contact Henry Mealing
(Henry.Mealing@KleinschmidtGroup.com or 803-462-5629) to discuss the suggested changes.
Thank you for your continued cooperation.
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com
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From: Kelly Kirven
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz
Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov);
Hal Beard (BeardH@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Jordan Johnson;
Karla Reece (Karla.Reece@noaa.gov); Kelly Kirven; Lorianne Riggin (RigginL@dnr.sc.gov);
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer;
STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: SREL Parr & Monticello Waterfowl Report - Year 1
Date: Tuesday, May 03, 2016 3:40:55 PM
Attachments: SREL Waterfowl Report 2015-2016 - Revised 5-3-16.docx

Good afternoon,
 
Attached is the Parr & Monticello Waterfowl Report, prepared by the Savannah River Ecology Lab
(SREL), which includes a summary of the aerial waterfowl surveys performed at Parr and Monticello
reservoirs during the first year of monitoring.  Please review and provide any comments or edits by

Monday, May 16th.
 
Thanks,
Kelly 
 
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com
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Executive Summary



	As a part of the Federal Energy Regulatory Commission (FERC) relicensing process for the Parr Hydroelectric Project (FERC No. 1894) by the South Carolina Electric & Gas Company (SCE&G), SCE&G formed a Fish and Wildlife and Water Quality Resource Conservation Group (RCG) of interested stakeholders, who submitted a study request asking for an evaluation of wintering waterfowl usage at Monticello and Parr Reservoirs, South Carolina. Kleinschmidt Associates, a consulting firm specializing in engineering, regulatory management and environmental services, is coordinating the relicensing process for SCE&G. In October 2015, 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 two consecutive years describing wintering waterfowl use of Monticello and Parr Reservoirs, which are located in Newberry and Fairfield Counties, South Carolina. 



	In year one, nine (9) fixed-wing aerial surveys of the entire Monticello Reservoir basin and Parr Shoals Reservoir from the Parr Shoals Dam to Henderson Island were conducted between 17 November, 2015 and 15 March, 2016, during which nearly 2,200 waterfowl (representing 9 species) were documented using the Monticello Reservoir and over 4,900 waterfowl (representing 11 species) were recorded using Parr Reservoir. Nine and eleven waterfowl species (including American Coots [Fulica americana]) were identified using Monticello and Parr Reservoirs, respectively, during the first-year surveys. A greater diversity of dabbling ducks was seen on Parr Reservoir than on Monticello Reservoir.  However, the same three diving duck species, including ring-necked ducks, lesser scaup (Aythya affinis), and buffleheads (Bucephala albeola), were seen on both reservoirs.  Canada geese (Branta canadensis), mallards, and ring-necked ducks were seen on Monticello Reservoir during all nine aerial surveys; ring-necked ducks (88.9% of surveys) and mallards (77.8% of surveys) were the most-often observed species on Parr Reservoir.  Most waterfowl seen on Parr Reservoir were found at  Broad River WMA and/or Enoree WMA, where active management for waterfowl by SCDNR has created favorable conditions (e.g., food, cover, limited human disturbance) preferred by waterfowl.  There was more late-season (particularly late February and March) waterfowl use of the Enoree WMA than had been the case earlier in the fall/winter while the waterfowl hunting season was active.



	Dabbling duck numbers on Monticello Reservoir never exceeded 78 birds on an individual flight, but in contrast, dabbling duck numbers on Parr Reservoir exceeded 100 individuals on five of nine surveys.  Diving duck numbers on Monticello Reservoir exceeded 100 individuals on only one survey, but again in contrast, diving duck numbers on Parr Reservoir exceeded 100 individuals on all but one flight.  In contrast to higher duck use of Parr Reservoir (including Broad River and Enoree WMAs) than Monticello Reservoir, Canada geese were seen on Monticello more consistently and in higher numbers than on Parr Reservoir.  Snow geese (Chen caerulescens) however, were only seen on Parr Reservoir and on only three surveys.  American coots were seen on Monticello Reservoir on three aerial surveys, while seen on only a single flight over Parr Reservoir.  There was no clear relationship between Parr Shoal Reservoir water levels at the time of aerial surveys and numbers or types of waterfowl seen at Parr Shoals reservoir, including the WMAs.  However, as water levels at Broad River WMA impoundments were actively drawn down for management purposes in March, following the hunting season, waterfowl naturally moved out of those managed impoundments.



	Concentrations of 50+ waterfowl observed on Parr Reservoir included primarily the Broad River and Enoree WMAs.  For the Monticello Reservoir, waterfowl concentration locations were spread widely around the reservoir, but flocks appeared to favor the western half of the reservoir and coves elsewhere that provided protection from the prevailing winds.  



	In addition to the waterfowl observed during the aerial surveys, we also noted other avian species (non-game species) on both reservoirs as they were encountered during the aerial surveys, including mostly piscivorous birds.  Among these additional species, most frequently recorded were non-specific gulls/terns and double-crested cormorants (Phalacrocorax auritus), which were seen on both reservoirs on almost all surveys.  Perhaps of more interest was the bald eagle (Haliaeetus leucocephalus) sightings made during the waterfowl surveys.  Bald eagles were seen on eight of nine surveys of Parr Reservoir and three of nine surveys of Monticello Reservoir.  Bald eagle sightings included both adults (8) and immature (11) birds.





Introduction



	South Carolina Electric & Gas Company (SCE&G) is the Licensee of the Parr Hydroelectric Project (FERC No. 1894).  The Project consists of the Parr Shoals Hydro Development and the Fairfield Pumped Storage Development.  Both developments are located along the Broad River in Newberry and Fairfield Counties, South Carolina.  The Project is currently involved in a relicensing process which involves cooperation and collaboration between SCE&G as licensee and a variety of stakeholders including state and federal resource agencies, state and local government, non-governmental organizations (NGOs), and interested individuals.  The collaboration and cooperation is essential to the identification and treatment of operational, economic, and environmental issues associated with a new operating license for the Project.  Kleinschmidt Associates, a consulting firm specializing in engineering, regulatory management and environmental services, is coordinating the relicensing process for SCE&G.

  

	 In preparation for relicensing, SCE&G formed a Fish and Wildlife and Water Quality Resource Conservation Group (RCG) which is comprised of interested stakeholders who are working with SCE&G to identify potential issues, make biological study recommendations, and provide technical and experience-based input related to wildlife resources in the Project area.  During an initial scoping meeting to identify issues of importance, the RCG recognized the need for a waterfowl survey to better understand waterfowl utilization of Project waters.  Further, this information will be useful in evaluating potential Project effects (including water level fluctuation effects) on wintering waterfowl utilizing Monticello and Parr reservoirs.  In October 2015, 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 two consecutive years describing wintering waterfowl use of Monticello and Parr Reservoirs.  The primary objective of this study was to evaluate the current abundance and distribution of wintering waterfowl (ducks, geese, swans, and coots) using Monticello and Parr Reservoirs.  Herein, we summarize data collected by SREL during nine (9) aerial surveys of waterfowl conducted during the first year, with surveys running from mid-November, 2015 through March, 2016. 





Study Area



	The Parr Hydroelectric Project is located in Newberry and Fairfield Counties, South Carolina, on the Broad River, approximately 26 river miles upstream from the City of Columbia, South Carolina.  The Project includes the existing Parr Shoals Development, which consists of a powerhouse with 6 generators, a 2,715 foot long dam, the 4,400 acre Parr Shoals Reservoir (Figure 1), and transmission and support facilities.  The Project also includes the existing Fairfield Pumped Storage Development, which is composed of the 6,800 acre Monticello Reservoir (Figure 2), four earthen dams, an intake channel, a gated intake structure, four surface penstocks splitting into eight concrete-encased penstocks, a semi-outdoor generating station housing eight pump-turbine units and transmission and support facilities.  The two developments are operated together as a single hydroelectric generating facility which utilizes pumped storage of water to efficiently provide energy as needed based on customer demand.  The facilities can generate as much as 544,000 kilowatts during periods of high electricity demand.  Functionally, water in Monticello Reservoir flows through turbine generators and continues into Parr Reservoir where it is held.  When energy demands are low, electricity from base-load fossil and nuclear generating plants is used to pump water back into Monticello Reservoir.  Monticello Reservoir has little natural inflow other than negligible rainfall in the immediate area of the reservoir, so pumping of water from Parr Reservoir back into Monticello Reservoir is necessary to maintain the needed water resource. 



	The Project’s alternate cycles of generation and pumping cause daily fluctuations in the water levels of both Monticello and Parr Reservoirs.  Monticello Reservoir drops 4.5 to 5 feet over a 10 to 12 hour period during the generating phase.  At the same time, the water is flowing into Parr Reservoir, causing it to rise as much as 10 feet.  During the pumping cycle the reverse occurs, with water level rises in Monticello Reservoir and drops in Parr Reservoir.  Figure 3 shows the Parr Reservoir elevation of surface waters during the period when aerial surveys were executed through the fall/winter of 2015–2016.  In addition to its use as part of the Fairfield Pumped Storage, Monticello Reservoir also provides cooling water for the 966 megawatt V. C. Summer Nuclear Station located on its shores (Figure 2).  Approximately 7.2 miles of the Monticello Reservoir shoreline are within the Nuclear Exclusion Zone "NEZ" of the V. C. Summer Nuclear Station and thus are not open to access by the general public.  The shoreline within the NEZ is marked with signs and buoys and is not available for public use.  A smaller Monticello Sub-Impoundment (The Recreational Lake; Figure 2) is located north of the large body of water, is about 300 acres in size with 10.2 miles of shoreline, and is maintained at a stable water level not affected by the operation of the pumped storage facility.  This lake was constructed by SCE&G solely for recreational use.  The Parr Shoals Reservoir was originally formed in 1914 as part of a conventional hydro project at Parr Shoals.  The height of its dam was raised nine feet in the 1970s during construction of the pumped storage project, nearly doubling the reservoir’s surface area. 



	Both Monticello and Parr Reservoirs offer a variety of recreational opportunities to the public.  In particular, portions of Project lands are under management jurisdiction of the South Carolina Department of Natural Resources (SCDNR).  Waterfowl management areas located on the Broad River and Enoree River are available for public use and are managed by the SCDNR under its Game Management Program.  The Broad River and Enoree River Waterfowl Management Areas (WMA) provide important habitat for overwintering waterfowl, as well as recreational waterfowl hunting opportunities that are important to the local economy.  Both areas were established in the late 1970s as mitigation when Parr Reservoir was expanded during construction of the Fairfield Pumped Storage Development.  The Broad River WMA includes five impoundments totaling approximately 130 acres of waterfowl habitat.  The area includes one green-tree impoundment with an oak canopy; the remaining four impoundments are planted in corn or millet and flooded seasonally.  Over 500 acres of the remaining area are either upland or uncontrolled backwater.  Although a wide variety of duck species may be present, the primary species harvested are ring-necked ducks (Aythya collaris), wood ducks (Aix sponsa), mallards (Anas platyrhynchos), and green-winged teal (Anas crecca).  Mallard numbers have reportedly decreased in harvests from recent years.





Aerial Surveys Methods



	On days when aerial surveys were conducted, SREL personnel traveled by UGA vehicle to Daniel Field Airport, on Highland Avenue in Augusta, GA where the services of Augusta Aviation, Inc. (http://www.augustaaviation.com) were engaged to provide fixed-wing aircraft (Cessna Skyhawk) and pilot services for the aerial waterfowl surveys over Monticello and Parr reservoirs.   These aerial surveys were conducted in close coordination with V.C. Summer Nuclear Station’s security organization (Mr. Greg Douglass) and local air-traffic controllers to assure safety of all aircraft operating in the vicinity of Monticello and Parr reservoirs during the execution of these surveys.  Both reservoirs, in their entirety, were surveyed for waterfowl use.  Specifically with respect to Parr Reservoir, aerial surveys were conducted from Parr Shoals Dam to the base of Henderson Island and included the Enoree River and Broad River WMAs, managed by SCDNR (Figure 1).



	Because of potential bias associated with multiple observers, all aerial surveys were conducted by a single observer.  The SREL observer, C. S. Eldridge, accompanied the pilot in the aircraft; the pilot was instructed to fly at an altitude of approximately 200–300 ft and airspeed of about 80–105 mph, consistent with Federal Aviation Administration (FAA) regulations.  Surveys consisted of complete coverages of the lake basins, thus providing what were considered true count data as opposed to randomized line-transect surveys which would yield calculated 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.  The SREL observer identified species and counted all waterfowl (ducks, geese, swans, and coots) observed during aerial surveys.  Bird species and numbers of individuals were recorded directly onto field maps of the two reservoirs; after survey completion, observed birds were tallied by reservoir and species and recorded on a summary data sheet.  Boats observed during the aerial surveys were noted as well. 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 a weather station near Peak, SC (KSCLITTL12) was also gathered for each flight period.  Aerial surveys were conducted during the mid-late morning hours, with all surveys being started by 1125hrs.  Actual duration of each aerial survey was approximately 1.5 hours, plus additional flight time of about 40 minutes each for travel time to and from Daniel Field Airport in Augusta, GA.  



	Data were stored on a networked PC-workstation operating in a Microsoft-Windows environment.  The JMP Analysis System (SAS Institute, Inc., Cary, NC) was used to summarize the aerial survey data.  Data were summarized in both graphical and tabular format.  Summaries below include location graphics of waterfowl numbers, as well as tabular summaries and descriptions of temporal changes in waterfowl distributions (species- and/or subfamily-specific).  Waterfowl surveys were conducted during the fall-winter months (mid-November through late-March) of 2015-2016.  As previously noted, nine (9) aerial surveys were conducted over a period of five (5) months, executed as follows: 1 in late November, 2 in December, 2 in January, 2 in February, and 2 in March.





Aerial Survey Results and Discussion



Year one (2015–2016)

	During year one, nine fixed-wing aerial surveys of the Monticello and Parr Reservoirs were conducted between 17 November, 2015 and 15 March, 2016.  Dates of the nine individual aerial surveys and prevailing weather conditions during the 2015–2016 flights are provided in Table 1. 



	Nine waterfowl species (includes American Coots [Fulica americana]) were identified using Monticello Reservoir during the 2015–2016 aerial surveys (Table 2) and 11 waterfowl species (including coots) were identified using Parr Reservoir during the 2015–2016 aerial surveys (Table 2).  A greater diversity of dabbling ducks was seen on Parr Reservoir (5) than on Monticello Reservoir (3; Table 2).  However, the same three diving duck species, including ring-necked ducks, lesser scaup (Aythya affinis), and buffleheads (Bucephala albeola), were seen on both reservoirs (Table 2).  Canada geese (Branta canadensis), mallards, and ring-necked ducks were seen on Monticello Reservoir during all nine aerial surveys (Table 2);  ring-necked ducks (88.9% of surveys) and mallards (77.8% of surveys) were the most-often observed species on Parr Reservoir (Table 2).  Most waterfowl seen on Parr Reservoir were found at  Broad River WMA and/or Enoree WMA, where active management for waterfowl by SCDNR has created favorable conditions (e.g., food, cover, limited human disurbance) preferred by waterfowl. For the Broad River and Enoree WMAs at Parr Reservoir, the same eight waterfowl species were identified at both WMAs (Table 3), with ring-necked ducks most frequently seen at Broad River WMA (88.9% of surveys), and ring-necked ducks and blue-winged teal (Anas discors) most frequently seen at Enoree WMA (44.4% of surveys for each of the two species; Table 3).  There was more late-season (particularly late February and March) waterfowl use of the Enoree WMA than had been the case earlier in the fall/winter while the waterfowl hunting season was active.















	During these aerial surveys, about 2,200 waterfowl were documented using Monticello Reservoir (Table 4) and more than 4,900 waterfowl were documented using the Parr Reservoir (Table 5).  Dabbling duck numbers on Monticello Reservoir never exceeded 78 birds on an individual flight ( = 41.2; Table 4), but in contrast, dabbling duck numbers on Parr Reservoir exceeded 100 individuals on five of nine surveys (maximum = 238;  = 104.8; Table 5).  Diving duck numbers on Monticello Reservoir exceeded 100 individuals on only one survey (330 on 5 January 2016; = 79.2;), but again in contrast, diving duck numbers on Parr Reservoir exceeded 100 individuals on all but one flight, the last one in March of 2016 (maximum = 665;  = 385.6; Table 5).  In contrast to higher duck use of Parr Reservoir (including Broad River and Enoree WMAs) than Monticello Reservoir, Canada geese were seen on Monticello more consistently and in higher numbers than on Parr Reservoir (Monticello  = 99.0, Parr  = 26.4; Tables 4 and 5).  Snow geese (Chen caerulescens) however, were only seen on Parr Reservoir and on only three surveys (maximum = 62; Table 5).  American coots were seen on Monticello Reservoir on three aerial surveys (maximum = 100; Table 4), while seen on only a single flight over Parr Reservoir (245 on 21 December, 2015).  There was no clear relationship between Parr Shoal Reservoir water levels at the time of aerial surveys (Figure 3; Table 1) and numbers or types of waterfowl seen at Parr Shoals reservoir, including the WMAs (Table 5).  However, as water levels at Broad River WMA impoundments were actively drawn down for management purposes in March, following the hunting season, waterfowl naturally moved out of those managed impoundments.



	Figures 4 and 5 show the respective Parr Reservoir and Monticello Reservoir locations of waterfowl concentrations of 50+ individuals observed during aerial surveys in the winter of 2015–2016.  For Parr Reservoir, these locations included primarily the Broad River and Enoree WMAs (Figure 4).  For the Monticello Reservoir, these locations were spread widely around the reservoir (Figure 5), but flocks appeared to favor the western half of the reservoir and coves elsewhere that provided protection from the prevailing winds.  



	In addition to the waterfowl observed during the aerial surveys, which were of primary concern for the purposes of this study, we also noted other avian species (non-game species) on both reservoirs as they were encountered during the aerial surveys (Table 2).  Most of these species were piscivorous birds, foraging largely or exclusively on fish.  Among these additional species, most frequently recorded were non-specific gulls/terns and double-crested cormorants (Phalacrocorax auritus; Table 2), which were seen on both reservoirs on almost all surveys.  On Monticello Reservoir, we also recorded two species of grebes, including the pied-billed grebe (Podilymbus podiceps) and the horned grebe (Podiceps auritus), as well as the common loon (Gavia immer; Table 2).  On Parr Reservoir, we also recorded Anhingas (Anhinga anhinga), and flocks of non-specific shorebirds using shoreline areas exposed by receding water levels.  Perhaps of more interest was the bald eagle (Haliaeetus leucocephalus) sightings made during the waterfowl surveys.  Bald eagles were seen on eight of nine surveys of Parr Reservoir and three of nine surveys of Monticello Reservoir (Table 2).  Bald eagle sightings included both adults (8) and immature (11) birds.
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2015–2016 Monticello and Parr Waterfowl Aerial Survey Report







Table 1.  Weather conditions during waterfowl aerial surveys of Monticello Reservoir and Parr Reservoir in 2015–2016.



		Survey Date:

		11/17/2015

		12/9/2015

		12/21/2015

		1/5/2016

		1/19/2016

		2/4/2016

		2/16/2016

		3/2/2016

		3/15/2016



		Observer

		C.S. Eldridge

		C.S. Eldridge

		C.S. Eldridge

		C.S. Eldridge

		C.S. Eldridge

		C.S. Eldridge

		C.S. Eldridge

		C.S. Eldridge

		C.S. Eldridge



		Start Time

		9:51

		10:45

		10:39

		10:47

		11:25

		11:06

		11:00

		11:01

		10:00



		Stop Time

		11:15

		12:23

		12:20

		12:20

		12:56

		12:39

		12:37

		12:36

		11:30



		Noted General Conditions

		PC

		SNY/CLM

		OVC/CLM

		SNY/WNDY

		SNY/WNDY

		CLDY

		SNY/WNDY

		SNY/WNDY

		SNY/CLM



		Peak, SC Temp Range (C)*

		15-17oC

		14-16oC

		8-10oC

		2-3oC

		0-1oC

		12-13oC

		10-14oC

		12oC

		18-22oC



		Peak, SC Wind (mph)*

		NE@3.5-E@6.9

		SW@4.6-SW@8.1

		CLM-N@5.8

		ENE@6.9-NE@8.1

		NNW@4.6-NW@5.8

		W@3.5

		W@6.9-NNW@8.1

		NW@10.4-NNW@9.2

		CLM-NNW@5.8



		Peak, SC Rainfall Rate (mm/hr)*

		None

		None

		None

		None

		None

		None

		None

		None

		None



		Irmo Sky Conditions*

		CLR/BKN

		CLR

		BKN/OVC

		CLR

		CLR

		SCT

		CLR

		SCT/BKN

		CLR



		

		

		

		

		

		

		

		

		

		



		Parr Shoals Reservoir

Water Level (ft)

		264.4

		257.2

		260.4

		260.1

		262.0

		260.4

		262.9

		261.3

		259.5







*Central School Road (KSCLITTL12), near Peak, SC   Lat: N 34.23 °; Lon: W -81.42 °; Elevation: 462 ft; Abbreviations: PC=Partly Cloudy, OVC=Overcast, CLDY = Cloudy, FEW=Few Clouds, SCT=Scattered Clouds, CLR=Clear Skies, BKN=Broken Skies, RN = Rain, SNY = Sunny, CLM = Calm, WNDY = Windy.







Table 2.  Species list compiled from waterfowl aerial surveys of Monticello Reservoir and Parr Reservoir (including Broad River and Enoree Waterfowl Management Areas) in 2015–2016.  Shown in parentheses are percentages of the 9 aerial surveys when a given species was observed.



		Guild

		Common Name

		Scientific Name

		Monticello

		Parr



		Waterfowl:

		

		

		

		



		Geese

		

		

		

		



		

		Canada Goose

		Branta canadensis

		X (100%)

		X (44.4%)



		

		Snow Goose

		Chen caerulescens

		NONE

		X (33.3%)



		

		

		

		

		



		Dabbling Ducks

		

		

		

		



		

		Mallard

		Anas platyrhynchos

		X (100%)

		X (77.8%)



		

		Gadwall

		Anas strepera

		NONE

		X (66.7%)



		

		American Wigeon

		Anas americana

		NONE

		X (33.3%)



		

		Blue-winged Teal

		Anas discors

		X (66.7%)

		X (66.7%)



		

		Northern Shoveler

		Anas clypeata

		NONE

		X (44.4%)



		

		Wood Duck

		Aix sponsa

		X (77.8%)

		NONE



		

		

		

		

		



		Diving Ducks

		

		

		

		



		

		Ring-necked Duck

		Aythya collaris

		X (100%)

		X (88.9%)



		

		Lesser Scaup

		Aythya affinis

		X (44.4%)

		X (33.3%)



		

		Bufflehead

		Bucephala albeola

		X (55.6%)

		X (11.1%)



		

		

		

		

		



		Mergansers

		

		

		

		



		

		Hooded Merganser

		Lophodytes cucullatus

		X (22.2%)

		NONE



		

		

		

		

		



		Rails

		

		

		

		



		

		American Coot

		Fulica americana

		X (33.3%)

		X (11.1%)



		

		

		

		

		



		

		

		

		

		



		

		

		

		

		



		Other Birds:

		

		

		

		



		

		Common Loon

		Gavia immer

		X (55.6%)

		NONE



		

		Anhinga

		Anhinga anhinga

		NONE

		 X (22.2%)



		

		Double-crested Cormorant

		Phalacrocorax auritus

		X (100%)

		X (100%)



		

		Pied-billed Grebe

		Podilymbus podiceps

		X (88.9%)

		NONE



		

		Horned Grebe

		Podiceps auritus

		X (44.4%)

		NONE



		

		Gulls/Terns

		

		X (100%)

		X (88.9%)



		

		Shorebirds

		

		NONE

		X (22.2%)



		

		

		

		

		



		

		Bald Eagle

		Haliaeetus leucocephalus

		X (33.3%)

		X (88.9%)










Table 3.  Species list compiled from waterfowl aerial surveys of Broad River and Enoree Waterfowl Management Areas in 2015–2016.  Shown in parentheses are percentages of the 9 aerial surveys when a given species was observed. 



		Guild

		Common Name

		Scientific Name

		Broad River

		Enoree



		Waterfowl:

		

		

		

		



		Geese

		

		

		

		



		

		Canada Goose

		Branta canadensis

		X (22.2%)

		X (11.1%)



		

		Snow Goose

		Chen caerulescens

		NONE

		NONE



		

		

		

		

		



		Dabbling Ducks

		

		

		

		



		

		Mallard

		Anas platyrhynchos

		X (33.3%)

		X (11.1%)



		

		Gadwall

		Anas strepera

		X (22.2%)

		X (22.2%)



		

		American Wigeon

		Anas americana

		X (11.1%)

		X (11.1%)



		

		Blue-winged Teal

		Anas discors

		X (33.3%)

		X (44.4%)



		

		Northern Shoveler

		Anas clypeata

		X (33.3%)

		X (11.1%)



		

		Wood Duck

		Aix sponsa

		NONE

		NONE



		

		

		

		

		



		Diving Ducks

		

		

		

		



		

		Ring-necked Duck

		Aythya collaris

		X (88.9%)

		X (44.4%)



		

		Lesser Scaup

		Aythya affinis

		X (33.3%)

		X (11.1%)



		

		Bufflehead

		Bucephala albeola

		NONE

		NONE



		

		

		

		

		



		Mergansers

		

		

		

		



		

		Hooded Merganser

		Lophodytes cucullatus

		NONE

		NONE



		

		

		

		

		



		Rails

		

		

		

		



		

		American Coot

		Fulica americana

		NONE

		NONE










Table 4.  Counts of waterfowl identified during aerial surveys of Monticello Reservoir in 2015–2016.



		Survey Date:

		11/17/15

		12/9/15

		12/21/15

		1/5/16

		1/19/16

		2/4/16

		2/16/16

		3/2/16

		3/15/16

		All Surveys



		Mallard

		31

		52

		41

		29

		10

		6

		13

		18

		11

		211



		Gadwall

		

		

		

		

		

		

		

		

		

		0



		American Wigeon

		

		

		

		

		

		

		

		

		

		0



		Blue-winged Teal

		

		

		35

		35

		45

		5

		23

		2

		

		145



		Northern Shoveler

		

		

		

		

		

		

		

		

		

		0



		Wood Duck

		3

		3

		2

		

		4

		1

		

		1

		1

		15



		Total Dabblers:

		34

		55

		78

		64

		59

		12

		36

		21

		12

		371



		Lesser Scaup

		10

		6

		

		115

		

		

		

		

		15

		146



		Ring-necked Duck

		39

		77

		85

		210

		30

		25

		20

		5

		55

		546



		Bufflehead

		

		

		1

		5

		2

		10

		

		3

		

		21



		Total Divers:

		49

		83

		86

		330

		32

		35

		20

		8

		70

		713



		Hooded Merganser

		

		

		

		7

		1

		

		

		

		

		8



		Unidentified Ducks

		

		

		

		

		

		

		

		

		

		0



		Total Ducks:

		83

		138

		164

		401

		92

		47

		56

		29

		82

		1092



		Snow Goose

		

		

		

		

		

		

		

		

		

		0



		Canada Goose

		281

		126

		74

		80

		68

		59

		122

		35

		46

		891



		Total Geese:

		281

		126

		74

		80

		68

		59

		122

		35

		46

		891



		American Coot

		

		100

		

		

		45

		

		

		

		70

		215



		Grand Total:

		364

		364

		238

		481

		205

		106

		178

		64

		198

		2,198










Table 5.  Counts of waterfowl identified during aerial surveys of Parr Reservoir (including Broad River and Enoree Waterfowl Management Areas) in 2015–2016.



		Survey Date:

		11/17/15

		12/9/15

		12/21/15

		1/5/16

		1/19/16

		2/4/16

		2/16/16

		3/2/16

		3/15/16

		All Surveys



		Mallard

		

		6

		

		35

		45

		10

		10

		4

		12

		122



		Gadwall

		

		2

		

		8

		10

		60

		8

		

		5

		93



		American Wigeon

		

		

		40

		15

		

		

		

		50

		

		105



		Blue-winged Teal

		

		230

		10

		45

		

		120

		

		60

		8

		473



		Northern Shoveler

		

		

		50

		25

		

		

		35

		40

		

		150



		Wood Duck

		

		

		

		

		

		

		

		

		

		0



		Total Dabblers:

		0

		238

		100

		128

		55

		190

		53

		154

		25

		943



		Lesser Scaup

		

		

		19

		

		

		

		65

		40

		

		124



		Ring-necked Duck

		600

		665

		285

		420

		230

		570

		100

		470

		

		3,340



		Bufflehead

		

		

		6

		

		

		

		

		

		

		0



		Total Divers:

		600

		665

		310

		420

		230

		570

		165

		510

		0

		3,470



		Hooded Merganser

		

		

		

		

		

		

		

		

		

		0



		Unidentified Ducks

		

		

		

		

		10

		

		

		

		

		10



		Total Ducks:

		600

		903

		410

		548

		295

		760

		218

		664

		25

		4,423



		Snow Goose

		

		

		

		62

		39

		1

		

		

		

		102



		Canada Goose

		

		20

		47

		4

		

		65

		

		

		

		136



		Total Geese:

		0

		20

		47

		66

		39

		66

		0

		0

		0

		238



		American Coot

		

		

		245

		

		

		

		

		

		

		245



		Grand Total:

		600

		923

		702

		614

		334

		826

		218

		664

		25

		4,906
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Figure 1.  Map of Parr Shoals Reservoir showing locations referred to in the report.  The Project boundary is outlined in red.
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Figure 2.  Map of Monticello Reservoir showing locations referred to in the report.  The Project boundary is outlined in red.
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Figure 3.  Parr Shoals Reservoir daily gage height (feet; full pool = 266ft [top of crest gates]) during October 1, 2015–March 31, 2016;  Location: Latitude 34°15'40", Longitude 81°19'55" (NAD27), Fairfield Co., SC, Hydrologic Unit 03050106;  Description: Drainage area: 4,750.00 square miles;  Datum of gage: 000 feet above NGVD29. Source: U.S. Geological Survey National Water Information System.  Parr Shoals Reservoir water levels at the time of the waterfowl aerial surveys are shown in by the red symbols.
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Figure 4.  Map of Parr Reservoir showing locations of waterfowl concentrations of 50+ individuals observed during aerial surveys in 2015–2016.  The Project boundary is outlined in red.
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Figure 5.  Map of Monticello Reservoir showing locations of waterfowl concentrations of 50+ individuals observed during aerial surveys in 2015–2016.  The Project boundary is outlined in red.
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From: Kelly Kirven
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Chuck Hightower (hightocw@dhec.sc.gov);
David Eargle (eargleda@dhec.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Kelly Kirven; Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin
(RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: Final WQ TWC Meeting Notes - 3-23-16
Date: Thursday, May 12, 2016 9:03:25 AM
Attachments: final_032316_WQ_TWC_notes.pdf

Good morning,
Attached for your record are the final meeting notes from the WQ TWC meeting, held on March 23,
2016. These notes will also be available on the Project website at www.parrfairfieldrelicense.com.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com
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ATTENDEES:      
 
Bill Argentieri (SCE&G)    Rusty Wenerick (SCDHEC)    
Ray Ammarell (SCE&G)    Chuck Hightower (SCDHEC) 
Randy Mahan (SCE&G)    Bill Marshall (SCDNR) 
Amy Bresnahan (SCE&G)    Ron Ahle (SCDNR) 
Steve Summer (SCANA)    Gerrit Jobsis (American Rivers) 
Brandon Stutts (SCANA)    Bill Stangler (Congaree Riverkeeper) 
Caleb Gaston (SCANA)    Henry Mealing (Kleinschmidt) 
Tom McCoy (USFWS)    Kelly Kirven (Kleinschmidt) 
Fritz Rohde (NOAA) via conf. call 
     
 
 
These notes are a summary of the major points presented during the meeting and are not intended 
to be a transcript or analysis of the meeting. 
 
Henry opened the meeting with introductions and stated that the purpose of the meeting was to 
discuss the Water Quality in Downstream West Channel Study Report and the Parr Shoals Dam 
Turbine Venting Report. A PowerPoint presentation was put together with summaries of the two 
reports; this presentation is included at the end of these notes.  
 
Parr Shoals Dam Turbine Venting Report 
 
Henry explained that during the summer of 2015, SCE&G tested the turbines at Parr for venting 
capabilities.  Five of the six turbines will vent.  Results of the venting showed an increase in DO in 
the tailrace ranging from 0.16 mg/L to 0.45 mg/L.  Based on this information a turbine venting plan 
was put together, where turbine vents will be opened from June 15th through July 31st each year.  
The plan will be tested during the summer of 2016 and results of the test will be shared with the 
TWC.   
 
Caleb mentioned that having the vents open does affect generation efficiency of the units, so the 
venting window should be as short as possible. Tom asked how much efficiency is lost and Ray said 
he wasn’t sure since he hasn’t run the numbers.  Henry stated that generation efficiency losses are 
usually around 5% at other projects with turbine venting. 
 
Gerrit said the plan looked good and asked how benefits of the plan will be measured.  Henry said 
we will just open the vents and make sure the operators can actually follow the plan.  SCE&G will 
also monitor the Jenkinsville gage to determine if there is an excursion outside of the venting 
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window.  If this happens, the vents will be turned on and DO will be monitored to see if there is an 
improvement. 
 
Water Quality in Downstream West Channel Study Report 
 
Henry gave an overview of the study that was performed during 2015, and explained that the 
HOBO meters used to collect data were subject to a lot of fouling over the summer and that data 
collected showed extreme diel fluctuations.  The data did confirm that DO levels can be very low in 
the west channel immediately downstream of the dam during summer months. Ron agreed that 
further down the west channel, flows are influenced by backflow from the east channel side, 
however the upper section of the west channel is impacted by lack of flow. 
 
Henry said that SCE&G met with DHEC in February to discuss the Parr Shoals Dam Turbine 
Venting Report and the Water Quality in Downstream West Channel Study Report.  SCE&G agreed 
to collect one additional week of data in August 2016 to verify the information collected in 2015.  
HOBO meters will be deployed at the three west channel sites for one week.  Temperature and DO 
data will also be collected using a separate DO meter when the HOBOs are deployed and retrieved.   
 
The group discussed ways to increase flow in the west channel as a way to increase DO.  Henry 
explained that the west side of the river is naturally higher than the east side. There is a natural crest 
immediately downstream of the dam that separates the two channels. This crest is the upper tip of 
Henderson Island. The dam was built through the northern tip of Henderson Island, so all turbine 
releases move down the east channel. Spillway releases through gates 1 through 6 send water down 
the west channel and releases through gates 7 through 10 flow towards the east channel.  The group 
reviewed the DEM data collected as part of the IFIM study to observe the changes in elevation 
downstream of the dam.  Additionally, original USGS maps from before the dam was built and 
1912 construction blueprints show that the west channel area is higher in elevation and was a 
secondary channel of the original river.   
 
Henry mentioned that any flows that are diverted from the east channel to the west channel could 
have a negative effect on the east channel habitat.  There is only so much water that is available, and 
any flows that are redirected to the west channel will result in a loss of flows to the “species 
diverse” east channel.  Gerrit said that the TWC will have to weigh the benefits of how to partition 
the water.  Ron said he believes that the west channel needs to be restored to a point that it meets 
state standards.  He doesn’t believe that there will be a significant impact on the east channel if a 
portion of flow is diverted to the west channel. 
 
The group agreed that the challenge will be figuring out how to get flows over to the west channel.  
Several ideas were discussed, including installing a siphon system, using spillway pulse flows at 
night when DO levels are lowest, and creating a channel through Henderson Island to allow for 
flows to naturally flow from the east channel to the west during turbine operations.  The group also 
discussed several factors including the volume of water needed in the west channel, how to show 
compliance to FERC, and whether continuous flow or pulsing flows would be best. 
 
Ray mentioned that using a siphon system might not work because of the elevation of the dam, so a 
pump may need to be installed as part of a continuous flow system.   
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The group discussed the idea of nighttime pulse flows during the summer months.  The pulse of 
water released by lowering spillway gates on the west side of the dam would flush and refresh the 
west channel.  The spill would occur approximately in late afternoon or early evening and would 
last for a few hours until Fairfield begins pumping at around 11 pm.  This can be tested during the 
summer of 2016 to see if it’s possible and makes a measurable difference in DO levels. 
 
The group then discussed the idea of pumping water into the west channel.  Henry said the pump 
would need to be placed in the corner or further down the west channel to ensure the water flows 
into the right area.  A piping system could be blown out during a high flow or flood scenario.  Ray 
said there would be design issues with this option.  The pump and pipe would need to be sited for a 
specific flow and we might not know what that flow would be.  Also a very large pump would be 
needed just to move 50 cfs. 
 
Ron then brought up the idea of cutting a channel through the current tip of Henderson Island and 
the rocky area just upstream of the island to allow flows to naturally run from east to west.  Bill A. 
asked Brandon if the U.S. Army Corps of Engineers would permit this work.  Brandon said it might 
be permitted, even though the work would be done in a non-navigable area. Blasting was discussed 
as a method to create this channel.  This raises concerns from a dam safety perspective. 
 
Henry brought the conversation back to the idea of pulse flows.  Ron asked if there was any 
examples of where this has been done before.  Henry said at Logan Martin Dam, part of the Coosa 
River Project in Alabama, generation pulses at night are used to improve DO.  Pulse flows may also 
help to flush out the filamentous algae that grows in the area and contributes to the low DO.  Ron 
said that water temperature needs to be controlled as well.  He is also concerned that habitat that 
would be refreshed at night would dry out each day. 
 
Bill M. brought up the idea of using leakage to increase flows in the west channel.  Is there a way to 
increase leakage on that side of the dam, such as removing the seals from the gates?  Bill A. said 
this isn’t a good option, and you normally don’t want to create leakage at a dam.  Ray said you 
wouldn’t want to remove the entire seal, but there could possibly be an engineering design that 
could allow for increased leakage.  Leakage would also shut off during period of low flows and 
when the lake level drops below about 261’ msl. 
 
DHEC and USFWS said that the goal for the west channel is to try and pass enough flows to 
improve water quality to the extent possible.  Ron added that he personally wants the west channel 
water quality to be improved to a point where the channel is revived and species diversity increases. 
 
The group agreed that the easiest option would be to test pulsing flows this summer.  SCE&G will 
test this approach during several nights during one week in August.  Ray suggested that an 
observation test be completed during the day to get a visual and decide on which gates to use and 
estimate a target volume of water that would be needed.  Brandon asked if the releases would be 
minor enough so as not to affect the habitat around the Parr Reservoir shoreline.  Henry said that 
while it might have some affect, it would be minor, and the pulse flows would occur at a different 
time of the year than when spring spawning occurs. 
 
Ron said that pulse flows should be triggered by inflow instead of a calendar date, and that a 
drought contingency should be considered.  Ray asked what the window would be for releasing 







 


 


  Page 4 of 4  


flows in the west channel.  The group agreed that June through September would be the ideal 
window. 
 
Gerrit said that he believes the best scenario would be the release of continuous flows on the west 
channel.  Ron agreed and said that it’s good to evaluate pulse flows but would like additional 
investigation into the option of continuous flows.  Henry said that with the option of continuous 
flows, the volume of flow would also need to be examined.   
 
The group agreed that a site visit in June or July 2016 should be scheduled prior to testing in 
August.  Maps of the area will be prepared and the site visit will be planned to coincide with low 
flows, so the rocky areas are easily visible.  Then in August, after the week of baseline DO data 
collection in the west channel, pulse flows will be tested for approximately three or four days. 
 
The meeting adjourned.  Action items are listed below. 
 
 
  
 
ACTION ITEMS: 
 


• Follow up items for various flow options: 
o Determine if the USACE will allow excavation below the dam – Initial discussion 


with the USACE indicates this would require a 404 permit as well as a 401 (State 
Navigable Waters) permit through SCDHEC (SCE&G) 


o Determine who owns the land downstream of the dam. (SCE&G) 
o Determine the flow at which the DEM data was collected. (Kleinschmidt) 
o Investigate the option of increased leakage from the seals on the gates. (SCE&G) 
o Investigate what would be needed to allow for continuous flow – pipe, pump, 


siphon? (SCE&G) 
o Test pulse flows during August 2016. (SCE&G) 


• Schedule a site visit for TWC in June/July timeframe to plan for pulse flow testing. 
(Kleinschmidt) 


• Test Turbine Venting Plan from June 15th through July 31st.  (SCE&G) 







Water Quality TWC Meeting 
March 23, 2016 


Parr Shoals Dam Turbine Venting Report
Water Quality in Downstream West Channel Study Report







Parr Shoals Dam Turbine Venting Report


• Methods for Turbine Venting
• Determined in 2014 that 5 of the 6 


turbines can self-vent (#6 can’t 
self-vent)


• DO, temperature and percent 
saturation were taken immediately 
downstream of each turbine prior 
to and after each vent was opened


• Repeated testing in the summer of 
2015 during period of low DO







Parr Shoals Dam Turbine Venting Report


• Results of Turbine Venting
• Unit 3 venting had most significant 


increase in DO, followed by units 
1, 5, and 2.







Parr Shoals Dam Turbine Venting Report


• Methods for Forebay DO 
Sampling


• DO and temperature were 
collected in the forebay of Parr 
Shoals Dam using HOBO data 
loggers


• Data was logged on an hourly 
basis from May 4, 2015 through 
October 16, 2015


• Hourly data was also collected 
from USGS gage at Jenkinsville
(02160991)







Parr Shoals Dam Turbine Venting Report


• Results of Forebay Sampling
• Loggers were compromised due to 


fouling after one week of 
deployment


• Not a reliable representation of 
DO in the Parr forebay


• Lower DO levels and a diel shift in 
DO levels from end of June 
through end of September







Parr Shoals Dam Turbine Venting Report







Turbine Venting Plan


• Venting Plan
• Open turbine vents each year between June 15 – July 31
• Order of turbine operation - first-on/last-off order: 3, 1, 5, 2, 4, and 6
• The “venting window” may be expanded based on results


• Documentation / Compliance
• SCE&G will provide a list of DO excursions below the standard (based on the 


Jenkinsville USGS gage) within 10 days of occurrence
• SCE&G will maintain a log of operation records and maintenance activities







Water Quality in Downstream West Channel 
Report
• Methods


• Temperature and DO monitored in 
west channel of Broad River using 
HOBO U26 Dissolved Oxygen 
Loggers


• March 31, 2015 through October 
15, 2015


• DO data collected from USGS gage 
at Jenkinsville (02160991)


• Loggers were subject to extreme 
fouling from algae, sediments and 
occasional de-watering











Water Quality in Downstream West Channel 
Report
• Results


• DO levels in west channel were periodically below the DHEC 
standard of 4.0mg/L


• DO levels in the upper west channel downstream of Parr Dam 
were consistently lower than those further down the west channel 
and the east channel


• Fouling of the HOBO loggers was a constant issue
• DO levels were lowest in the west channel directly downstream of 


the dam during the summer months







Water Quality in Downstream West Channel 
Report







Water Quality in Downstream West Channel 
Report







SCE&G/SCDHEC/KA Meeting – 2/9/2016


Parr Shoals Dam Turbine Venting 
Report
• Agreed to extend the venting 


window – June 15-July 30
• Revise report to clearly mark 


bad forebay data
• SCE&G will test the Turbine 


Venting Plan this summer (2016)


Water Quality in Downstream West 
Channel Report
• Site visit of West Channel area 


immediately downstream of Parr 
Shoals Dam during late summer


• Provide information of how dam 
construction could have affected 
diversion of water


• Collect additional DO samples 
for one week this summer 
(August of 2016)







2016 Next Steps


• Turbine Venting during 2016 – will provide results to TWC in a memo


• Site visit of West Channel with SCDHEC late summer 2016


• Collect a week of additional DO/Temp data in the West Channel 
during August 2016 – provide results as an Addendum to the report


• Begin discussion of PM&E Measures







Potential Mitigation Measures


• What is the goal for the West Channel?
• Spawning
• Fishing
• ???


• What are potential SCE&G operations that may be available?
• Spillway flows
• Continuous flow
• Seasonal flow


• How do we show compliance?
• Off license agreement
• 401 requirements







From: Kelly Kirven
To: Alex Pellett (PellettC@dnr.sc.gov); ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Caleb Gaston

(caleb.gaston@scana.com); Dick Christie (christied@dnr.sc.gov); Henry Mealing; Jordan Johnson;
rammarell@scana.com; Robert Stroud (StroudR@dnr.sc.gov); Steve Summer; STUTTS, BRANDON G; Scott
Collins (secollins@scana.com); tboozer@scana.com; Ron Ahle

Cc: Kelly Kirven; Alison Jakupca
Subject: Reminder - Monticello Reservoir Fluctuation Meeting
Date: Friday, May 20, 2016 10:53:59 AM

Good morning,
 
You are receiving this email because you signed up to attend the Monticello Reservoir Fluctuation
Meeting.  The meeting is scheduled for this coming Monday, May 23, 2016, at 9:00 AM.  Below are
the following reminders:
 

·         Meet at the Hwy 99 Boat Ramp on Monticello Reservoir.
·         Plan to be on the boat until 4:00 PM.
·         Please bring your own lunch and a PFD.  SCE&G will provide waters and coolers with ice.
·         Dress appropriately for spending a full day on the water with the possibility of wading in the

lake.
·         If you are interested, you can download the “Navionics Boating” app on your phone for free

(search for “Navionics Boating” at the app store on your phone).  This app provides contour
information for Lake Monticello for 10 days if you sign up for the free trial.  Additional
information can be found here:  http://www.navionics.com/en/mobile-pc-app-1

 
If you need directions to the Hwy 99 Boat Ramp, please let me know.  If you need to get in touch
with someone on Monday morning (running late, etc.), please call or text Henry Mealing at 706-339-
3209.  The boats will be leaving promptly at 9:15 AM.
 
Thanks,
Kelly
 
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com
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From: Henry Mealing
To: Bill Marshall; Kelly Kirven; Alex Pellett; ARGENTIERI, WILLIAM R; Caleb Gaston (caleb.gaston@scana.com); Dick

Christie; Jordan Johnson; rammarell@scana.com; Robert Stroud; Steve Summer; STUTTS, BRANDON G; Scott
Collins (secollins@scana.com); tboozer@scana.com; Ron Ahle

Cc: Alison Jakupca
Subject: RE: Reminder - Monticello Reservoir Fluctuation Meeting
Date: Friday, May 20, 2016 3:20:06 PM

Thanks Bill,
 
After our last meeting, Jordan started looking around for current bathymetry data available for
Monticello.  He found that the Navionics Program has quite a bit of contour information for
the lake.  That is the reason we included that app in the meeting reminder.  Jordan will have
that available for us to look at when we go out on Monday in addition to the topo maps you
have provided.
 
Henry
 

From: Bill Marshall [mailto:MarshallB@dnr.sc.gov] 
Sent: Friday, May 20, 2016 3:16 PM
To: Kelly Kirven <Kelly.Kirven@KleinschmidtGroup.com>; Alex Pellett <PellettC@dnr.sc.gov>;
ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>; Caleb Gaston (caleb.gaston@scana.com)
<caleb.gaston@scana.com>; Dick Christie <ChristieD@dnr.sc.gov>; Henry Mealing
<Henry.Mealing@KleinschmidtGroup.com>; Jordan Johnson
<Jordan.Johnson@KleinschmidtGroup.com>; rammarell@scana.com; Robert Stroud
<StroudR@dnr.sc.gov>; Steve Summer <ssummer@scana.com>; STUTTS, BRANDON G
<BSTUTTS@scana.com>; Scott Collins (secollins@scana.com) <secollins@scana.com>;
tboozer@scana.com; Ron Ahle <AhleR@dnr.sc.gov>
Cc: Alison Jakupca <Alison.Jakupca@KleinschmidtGroup.com>
Subject: RE: Reminder - Monticello Reservoir Fluctuation Meeting
 
All,
I’ve attached three pdf images from topo maps to capture the area under Monticello prior to
inundation. These are provided as another option for seeing the contours under the lake.
 
Bill
 

From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com] 
Sent: Friday, May 20, 2016 10:54 AM
To: Alex Pellett <PellettC@dnr.sc.gov>; ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>; Bill
Marshall <MarshallB@dnr.sc.gov>; Caleb Gaston (caleb.gaston@scana.com)
<caleb.gaston@scana.com>; Dick Christie <ChristieD@dnr.sc.gov>; Henry Mealing
<Henry.Mealing@KleinschmidtGroup.com>; Jordan Johnson
<Jordan.Johnson@KleinschmidtGroup.com>; rammarell@scana.com; Robert Stroud
<StroudR@dnr.sc.gov>; Steve Summer <ssummer@scana.com>; STUTTS, BRANDON G
<BSTUTTS@scana.com>; Scott Collins (secollins@scana.com) <secollins@scana.com>;
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tboozer@scana.com; Ron Ahle <AhleR@dnr.sc.gov>
Cc: Kelly Kirven <Kelly.Kirven@KleinschmidtGroup.com>; Alison Jakupca
<Alison.Jakupca@KleinschmidtGroup.com>
Subject: Reminder - Monticello Reservoir Fluctuation Meeting
 
Good morning,
 
You are receiving this email because you signed up to attend the Monticello Reservoir Fluctuation
Meeting.  The meeting is scheduled for this coming Monday, May 23, 2016, at 9:00 AM.  Below are
the following reminders:
 

·       Meet at the Hwy 99 Boat Ramp on Monticello Reservoir.
·       Plan to be on the boat until 4:00 PM.
·       Please bring your own lunch and a PFD.  SCE&G will provide waters and coolers with ice.
·       Dress appropriately for spending a full day on the water with the possibility of wading in the

lake.
·       If you are interested, you can download the “Navionics Boating” app on your phone for free

(search for “Navionics Boating” at the app store on your phone).  This app provides contour
information for Lake Monticello for 10 days if you sign up for the free trial.  Additional
information can be found here:  http://www.navionics.com/en/mobile-pc-app-1

 
If you need directions to the Hwy 99 Boat Ramp, please let me know.  If you need to get in touch
with someone on Monday morning (running late, etc.), please call or text Henry Mealing at 706-339-
3209.  The boats will be leaving promptly at 9:15 AM.
 
Thanks,
Kelly
 
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com
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From: Fritz Rohde - NOAA Federal
To: Kelly Kirven
Cc: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Chuck Hightower (hightocw@dhec.sc.gov);
David Eargle (eargleda@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover
(gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Lorianne Riggin (RigginL@dnr.sc.gov);
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Rusty
Wenerick (weneriwr@dhec.sc.gov); Sam Stokes (stokess@dnr.sc.gov); Scott Castleberry
(castlews@dhec.sc.gov); Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Re: revised Draft American Eel Abundance Report
Date: Monday, May 23, 2016 4:29:20 PM

Thank you for the report and the additional sampling in 2016.

Fritz

On Mon, May 23, 2016 at 2:07 PM, Kelly Kirven <Kelly.Kirven@kleinschmidtgroup.com>
wrote:

Good afternoon,

 

Attached is the revised draft American Eel Abundance Report.  This report includes the
additional data that was collected in 2016 per NOAA request.  The majority of the revisions
are contained in sections 6.0 and 7.0.  Please review and send in any edits or comments by
Monday, June 6th. 

 

Please note that the appendices will be attached to the final PDF report.

 

Thanks,

Kelly

 

Kelly Miller Kirven

Regulatory Coordinator

Office: 803.462.5633

Cell: 803.917.4528

www.KleinschmidtGroup.com
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From: Alison Jakupca
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz
Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov);
Hal Beard (BeardH@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Jordan Johnson;
Karla Reece (Karla.Reece@noaa.gov); Kelly Kirven; Lorianne Riggin (RigginL@dnr.sc.gov);
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer;
STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: Draft Fisheries TWC Meeting Notes - May 23, 2016
Date: Wednesday, June 22, 2016 3:28:39 PM
Attachments: 2016-05-23 draft Fisheries_TWC_notes - Monticello Reservoir Field Observ....doc

Monticello Habitat Enhancment Locations Draft 2016-05-30.pdf

Dear Fisheries TWC member,
 
Attached are the draft meeting notes for the May 23, 2016 meeting on Monticello Reservoir
where the TWC reviewed potential habitat enhancements (numbers and locations).  The notes
are presented in a WORD file and the maps are included in the PDF file.  Please look over
these and give us your comments by July 6, 2016.
 
SCE&G is currently reviewing the potential enhancements and developing a draft proposal for
TWC consideration.
Thanks for your continued involvement on this project.
 
 
Alison Jakupca
Project Regulatory Coordinator

Office:  803 462 5628
Mobile: 864 906 4119
www.KleinschmidtGroup.com
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MEETING NOTES


SOUTH CAROLINA ELECTRIC & GAS COMPANY


Fisheries TWC Meeting


May 23, 2016

Draft HGM 06-22-16



ATTENDEES:







Bill Argentieri (SCE&G)


Bill Marshall (SCDNR)


Scott Collins (SCE&G)


Dick Christie (SCDNR)


Tommy Boozer (SCE&G)


Robert Stroud (SCDNR)

Ray Ammarell (SCE&G)


Ron Ahle (SCDNR)

Brandon Stutts (SCANA)


Alex Pellett (SCDNR)


Caleb Gaston (SCANA)


Jordan Johnson (Kleinschmidt)


Henry Mealing (Kleinschmidt)





These notes serve as a summary of the major points presented during the meeting and are not intended to be a transcript or analysis of the meeting.

The group met at the SCE&G “99” Boat Ramp to perform a review of potential sites on Monticello Reservoir for habitat enhancement.  Based on previous meetings, the group reviewed each site for spawning enhancement – nursery/juvenile enhancements – and adult fish deep water enhancements. The group also discussed the use of felling trees into the lake and cabling them to the shoreline.  This type of enhancement would create a variety of fish habitat along the shoreline areas.  SCDNR noted that this was a good enhancement but would likely need to be repeated during the license as the wood would deteriorate. The group also noted that hardwoods would be better for this type of enhancement than using pines.

The group reviewed 13 areas and made notes on the potential for each of the four enhancements at each area.  Kleinschmidt has prepared updated project maps to depict each site, the general type and number of enhancement, and the general location of each type of habitat enhancement.  See attached PDF file. The maps also indicate the number of enhancements for deep water (15 structures) and nursery (3 structures) at each site. The number of spawning and felled trees is not specified at this point.





ACTION ITEMS:

· Kleinschmidt will finalize the habitat enhancement maps based on TWC input.


· Kleinschmidt will summarize the cost for placement of proposed habitat enhancements in Monticello Reservoir.


· SCE&G Management will review this information and develop a potential enhancement measure for the TWC to review and discuss.




Page 1 of 1







#*


#*


#*
#*


#* #* #*


")


")
")")


")


!(
!(


!( !( !(
$+


Site 1
-81.319198, 34.375601


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 1 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 425 850212.5
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


!(
!(
!(


Site 2
-81.308202, 34.375985


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 2 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 175 35087.5
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)


Deepwater enhancements will supplement existing fish attractor.







$+


#*


#*


#*


#*
#*


#*


#*


#*


#*
")


")


")


")


Site 3
-81.329417, 34.372015


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 3 
En


ha
nc


me
nts


.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 300 600150
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


")


#*


#*


#*


#*


Site 4
-81.305772, 34.371733


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 4 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 100 20050
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


Site 5
-81.327358, 34.36236


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 5 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 120 24060
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







#* #*
#*


#*
#*#*


$+


")


")


Site 6
-81.302466, 34.362986


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 6 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 100 20050
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


Site 7
-81.299807, 34.329525


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 7 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 300 600150
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


Site 8
-81.287834, 34.325097


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 8 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 125 25062.5
Feet


Deepwater enhancements will supplement existing fish attractor.


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


Site 9
-81.291424, 34.299092


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 9 
En


ha
nc


em
ent


s.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 450 900225
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor(15 units)







$+


#*


#*


!(


!(


")


Site 9
Site 10


-81.29618, 34.297807


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 10
 En


ha
nc


me
nts


.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 300 600150
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


#* #*
#*


!(!( !( !(


!(
!(


Site 11
-81.333266, 34.33655


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 11
 En


ha
nc


me
nts


.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 350 700175
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)







$+


#*
#* !(


!(
!(


")


Site 12
-81.333339, 34.344586


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 12
 En


ha
nc


me
nts


.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 300 600150
Feet


Legend
") Spawning Habitat
!( Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)


Text


Deepwater enhancements will supplement existing fish attractor.







$+


#*


#*
#*


#*


&-&-&-
&-


Site 13
-81.28837, 34.313446


Pa
th:


 G
:\_


Cl
ien


t_D
ata


\SC
E&


G\
Pa


rrF
air


fie
ld\


_M
XD


\R
ese


rvo
ir F


luc
tua


tio
n F


igu
res


\M
on


tic
ell


o A
rea


 13
 En


ha
nc


me
nts


.m
xd


Source: Kleinschmidt, Orbis, SCE&G


SCE&G
COLUMBIA, SC


PARR HYDROELECTRIC PROJECT
FERC PROJECT NO. 1894


MONTICELLO RESERVOIR
HABITAT ENHANCEMENTS


AS SHOWN


0455097.01


see margin


JJJ


5/31/2016


Scale:
Project No:


Filename:


Drawn By:


Date Drawn:
2 0 4  C a u g h m a n  F a r m  L n . ,  S u i t e  3 0 1
L e x i n g t o n ,  S C  2 9 0 7 2
T e l e p h o n e :  ( 8 0 3 )  4 6 2 - 5 6 2 0
F a x :  ( 8 0 3 )  4 6 2 - 5 6 1 9
w w w . K l e i n s c h m i d t G r o u p . c o m


³


0 200 400100
Feet


Legend
") Spawning Habitat
&- Shoreline Tree Felling
#* Nursery Habitat (3 units)
$+ Deepwater Fish Attractor (15 units)





		Monticello Area 1 Enhancements

		Monticello Area 2 Enhancements

		Monticello Area 3 Enhancments

		Monticello Area 4 Enhancements

		Monticello Area 5 Enhancements

		Monticello Area 6 Enhancements

		Monticello Area 7 Enhancements

		Monticello Area 8 Enhancements

		Monticello Area 9 Enhancements

		Monticello Area 10 Enhancments

		Monticello Area 11 Enhancments

		Monticello Area 12 Enhancments

		Monticello Area 13 Enhancments





From: Henry Mealing
To: Kelly Kirven; Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Chuck Hightower (hightocw@dhec.sc.gov);
David Eargle (eargleda@dhec.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin (RigginL@dnr.sc.gov); Malcolm Leaphart
(mwleapjr@att.net); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Castleberry
(castlews@dhec.sc.gov); Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Water Quality TWC - West Channel Field Meeting - June 23, 2016 draft meeting notes
Date: Wednesday, July 13, 2016 11:19:07 AM
Attachments: 2016-06-23 West channel flow demonstration TWC_notes 7-12 draft for TWC.docx

image002.png

Good morning,
 
On June 23, 2016, members of the Water Quality TWC met in the West Channel area to
observe a spillway pulse flow demonstration.  Attached are the notes from that field meeting. 
Please review the notes and provide us your comments by July 27, 2016.
 
We will begin additional Dissolved Oxygen and Temperature monitoring in August as indicated
in the notes.  After completion of that data collection, we will prepare a short report and
reconvene with the TWC to discuss the results.
 
Thank you for your continued cooperation.
 
Henry
 
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC  29072
706-339-3209
www.KleinschmidtGroup.com
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ATTENDEES:	



Bill Argentieri (SCE&G)		Bill Marshall (SCDNR)

Ray Ammarell (SCE&G)		Alex Pellett (SCDNR)

Steve Summer (SCANA)		Ron Ahle (SCDNR)

Brandon Stutts (SCANA)		Gerrit Jobsis (American Rivers)

Caleb Gaston (SCANA)		Rusty Wenerick (SCDHEC)

Shane Boring (Kleinschmidt)		Alison Jakupca (Kleinschmidt)

Henry Mealing (Kleinschmidt)







These notes are a summary of the major points presented during the meeting and are not intended to be a transcript or analysis of the meeting.



At the last TWC meeting, the group discussed various ways to improve west channel water quality.  These included:

· Creating a channel from the powerhouse tailrace to the west channel. SCE&G determined that this was not realistic due to dam safety issue with blasting and this method will not deliver water to the upper west channel due to elevation differences.

· Pump water from the forebay – this method would be unreliable (dependent on mechanical pumps) and would not deliver much flow – less than 25 cfs.

· Siphon system from the forebay – this method would also be unreliable because the reservoir level changes and not deliver much flow.

· Operation changes will be the best way to improve WQ in the west channel – during the summer, use controlled periodic spills to the west channel and prioritize any reservoir operation spills be released through gates 1-6.

Based on this information, SCE&G proposed to perform a west channel test spill demonstration for the TWC members to observe. These notes provide a summary of the test flow. Prior to the test, the attendees met at the Parr Dam and reviewed the agenda (attached) and discussed safety tips for the day.  



The purpose of the flow demonstration was to observe conditions in the west channel area of the Broad River downstream of Parr Dam before, during, and after a relatively small amount of water was discharged into the channel using Parr Hydro spillway crest gates 1 and 2, which operate together as a pair.  Performing periodic releases such as this is a potential operational measure for improving the water quality in the west channel during the term of the new license when it is issued.



Test Description

[bookmark: _GoBack]The attendees met at the west end of Parr Dam between 8:00 and 8:30 AM.  The group conducted a safety briefing and reviewed maps of the west channel area and several pools and shoals which are located just downstream of the dam (handout attached), and then walked along the canoe portage path to the riverbank and waded to a small sandbar which was used as an observation area during the demonstration.  At 8:57 AM, the hydro staff were requested by phone to lower gates 1 and 2 to about 0.2 feet below the current reservoir elevation.  By 9:00 AM, a spill flow had begun and after some minor gate adjustments to the gate position by the plant, a steady spill over the gates was occurring.  The group waded upstream to observe the pools near the base of the dam beginning to fill and overflow into the upper portion of the west channel.  As the water rose, the group made their way back downstream to observe the effects of the increasing flow in the small channels around the sandbar.  The spill continued until about 10:19 AM, when the group was in agreement that approximately steady state stage and flow conditions existed in the upper reaches of the west channel.  The plant staff was requested by phone to raise gates 1 and 2 back to their full up position.  The group stayed at the sandbar until about 10:50 AM to observe the flow recession.



Recorded Data

The group recorded depths in one of the pools of the west channel via a temporary staff gage established prior to the spill demonstration. The recorded data is presented in Table 1 and Figure 1.



Table 1.  Staff Gage Height in West Channel

		Time

(EDT)

		Staff Gage Height (Inches)



		0841

		2.50



		0915

		5.50



		0921

		11.00



		0936

		15.5



		0946

		17.00



		0956

		17.25



		1000

		17.50



		1005

		18.00



		1010

		18.25



		1019

		18.75



		1025

		17.75



		1026

		16.75



		1028

		15.00



		1029

		14.50



		1033

		12.25



		1037

		10.50



		1040

		9.50



		1044

		8.50



		1047

		7.75



		1049

		7.50



		1050

		7.25



		1056

		6.75



		1100

		6.00









Figure 1.  Staff Gage Height in West Channel





The plant staff also logged reservoir elevation and gate position at 30 minutes intervals during the demonstration, using the plant headwater gauge and gate position indicators (Table 2).





Table 2.  Parr Reservoir Elevation and Gate Position During Spill Test



		Time (EDT)

		Plant Res. El.

		Gate Tip El.



		8:30

		n/a

		266.00



		9:00

		257.60

		257.40



		9:30

		257.74

		257.15



		10:00

		257.80

		257.12



		10:30

		n/a

		266.00







Using the data recorded in Table 2, discharge over gates 1 and 2 were computed using the sharp crested weir formula (Figure 2):

Q = C L H 3/2

Where 

Q = discharge in cubic feet per second (CFS);

C = the weir coefficient of 2.50 from the gate design data for the gate tip elevation and headwater during the release (see chart on page 5);

L = the weir crest length in feet, in this case 400 feet.

H is the total head in feet (including velocity head) on the weir crest.  Velocity head was negligible and head was computed as (Reservoir El. – Gate Tip El.).

[image: ]

Figure 2. Sharp Crested Weir Formula



The calculated discharge during the demonstration is provided in Table 3 below.



Table 3. Calculated Discharge During Flow Test



		Time (EDT)

		Calculated Gate Discharge (CFS)



		8:30

		0



		9:00

		89



		9:30

		453



		10:00

		561



		10:30

		0







After the demonstration was completed, provisional data from the USGS streamflow gage at Alston, SC was downloaded to see if the release from gates 1 and 2 was evident at the gage location about 1 mile downstream of the dam. An increase in flow was recorded at the Alston gage beginning about 90 minutes after the flow release began. Figure 3 shows the calculated flow over the gates and the flow recorded at the Alston gage site during and after the demonstration.



Figure 3 indicates that prior to the release, the discharge from Parr Hydro was about 730 to 740 CFS.  The maximum flow recorded at the Alston gage during the release was 888 CFS at 11:30 AM, an increase of about 150 CFS above the pre-release flow. By 3:30 PM, the flow at Alston had receded to a steady value of 752 CFS. The peak flow increase measured at the Alston gage site was quite a bit less than the maximum flow released over gates 1 and 2, due to the storage routing effects of the pools and channel section in the west channel. The increased flow at the Alston site was also evident in the gage data for several hours after the gate had been raised and the flow release stopped, as the west channel reach released some of the stored water.





Figure 3.  Alston Gage Versus Calculated Releases from Gates 1 & 2



Volume of Water Released

The estimated volume in acre-feet of water released using gates 1 and 2 was calculated from the flow data in Table 3 and is provided in Table 4.  A total of about 46 acre feet is estimated to have been released during the demonstration.



Table 4. Volume Computation from Calculated Gate Flow



		Time (EDT)

		Gates 1 and 2 Flow (CFS)

		Volume Released (Ac-Ft)



		8:30

		0

		0



		9:00

		89

		1.9



		9:30

		453

		11.2



		10:00

		561

		20.9



		10:30

		0

		11.6



		

		Total:

		45.6







A similar volume computation was performed on the Alston gage flow data for the period 10:30 AM to 3:15 PM. The tabulated flow and volume computed are provided in Table 5.



Table 5. Volume Computation at Alston Gage Site



		Time EDT

		Flow (CFS)

		Increase Above Baseflow (CFS)

		Volume of Increased Flow (Ac-Ft.)



		10:15

		740

		0

		0



		10:30

		752

		12.00

		0.25



		10:45

		801

		61.00

		0.75



		11:00

		850

		110.00

		1.77



		11:15

		875

		135.00

		2.53



		11:30

		888

		148.00

		2.92



		11:45

		875

		135.00

		2.92



		12:00

		863

		123.00

		2.66



		12:15

		838

		98.00

		2.28



		12:30

		838

		98.00

		2.02



		12:45

		825

		85.00

		1.89



		13:00

		801

		61.00

		1.51



		13:15

		776

		36.00

		1.00



		13:30

		788

		48.00

		0.87



		13:45

		764

		24.00

		0.74



		14:00

		764

		24.00

		0.50



		14:15

		764

		24.00

		0.50



		14:30

		764

		24.00

		0.50



		14:45

		764

		24.00

		0.50



		15:00

		764

		24.00

		0.50



		15:15

		740

		0.00

		0.25



		

		

		 Total Volume:

		26.85







The data in Table 5 indicate that not all the water released over the gates made it to the Alston gage site.  This is possibly due to some water being retained in the pool areas in the west channel, since these pools were relatively empty at the start of the demonstration and were filled by the release.



August Spillway Water Quality Testing



SCE&G proposes to pass a spillway flow of approximately 25 acre ft. over a several hour period during the August 2016 Water Quality testing. During the first week of monitoring the water quality HOBOs will be deployed with no planned spill - only gate leakage. The first day of monitoring during the second and third weeks, the HOBOs will be cleaned, data retrieved, replaced in the channel, and a crest gate spill will be released.  During the subsequent days of monitoring each week, the HOBOs will document how quickly the temp and DO deteriorate in the West Channel. This should provide us with a reference point to discuss the frequency of spills potentially needed to create water quality improvements in the West Channel.



	




ACTION ITEMS:



· SCE&G and Kleinschmidt will prepare and implement the west channel water quality testing in August 2016 over a three-week period.

· Kleinschmidt will summarize the data and submit it to the TWC for review and comment.  This information will be added to the West Channel Water Quality Report as an addendum.

Attachments



West Channel Spill Demonstration – June 23, 2016

At the March 23, 2016 TWC meeting, the TWC discussed several options to deliver flow to the West Channel area.  SCE&G evaluated each of those options for reliability, cost, and safety.

Flow Delivery Evaluation

· Create a channel from the tailrace to the West Channel. Not realistic – dam safety issue with blasting – expensive – will not deliver water to the upper West Channel due to elevations.

· Pumping will be expensive – unreliable – and not deliver much flow

· Siphon system will also be unreliable because the reservoir level changes

· Operation changes will be the best way to improve WQ in the West Channel

Operation Changes

· SCE&G will prioritize operation of the spillway gates to 1 - 6 – June through September.  If there is excess water that will require a spill, it will be passed through gates 1-6 unless there is a mechanical/project need to use gates 7 - 10. 

· SCE&G will provide a periodic spillway release to refresh the West Channel.

August Testing Plan

· During August 2016, we will reset the HOBO monitors in the West Channel for three weeks to address two topics:

· During the first week, we will collect data for one week with clean calibrated HOBO monitors to verify the temperature (temp) and dissolved oxygen (DO) values observed during the August 2015 collections.

· During the second and third weeks, we will collect HOBO data with a test spillway release to determine the temp and DO response.

· After testing, we will provide an update to the TWC on the results of the additional collections.

Parr West Channel Pool Storage Estimate

To improve water quality in the West Channel, we assume that there should be some regular exchange of water within the West Channel. The overall area can be broken into two major portions – the smaller and shallower upstream pools and the large deeper downstream pool. Using available data for these areas, the volume of the upstream pools and the downstream pool were estimated.

Upstream Pools

There are approximately five primary smaller pools in the upstream portion of the West Channel (Figure 1). Based on the data collected in these areas, we estimated a pool volume at a flow of approximately 50 cfs, which is the approximate leakage through gates 1-6. The estimates of pool volume range in size from 0.2 to 4.9 acre-ft (Table 1). Therefore a spillway release of at least 10.3 acre-ft should provide some substantial water exchange in these upstream pools.



Table 1. Estimated Volume of Five Major Pools in the Upstream Portion of the West Channel

		Pool #

		Area (sq ft)

		Depth at 50 cfs (ft)

		Pool Volume (cubic ft)

		Pool Volume (acre ft)



		1

		29,394

		3.1

		91,121

		2.1



		2

		3,760

		2.3

		8,648

		0.2



		3

		39,255

		1.5

		58,882

		1.4



		4

		35,952

		3.1

		75,499

		1.7



		5

		119,771

		1.8

		215,588

		4.9



		Total

		

		

		

		10.3







[image: cid:4CF473AD-A199-40CA-8D81-455BD101FAA9]

Figure 1. West Channel upstream pools.


Downstream Pool

The downstream section of the West Channel is comprised of one large pool that is much larger and deeper than the upstream pools.  Using Google Earth Pro, we created a polygon of this pool and estimated that the surface area is 26.4 acres (Figure 2). A Sontek River M9 Acoustic Doppler Current Profiler (ADCP) was used to collect depth soundings along the thalweg of this pool at leakage flow.  Based on the ADCP profile, we estimate that the average depth is approximately 4 feet, which yields a volume of 105.6 acre ft. Therefore it would require a spillway release of at least 100 acre ft to provide some exchange of water in this downstream pool.



[image: ]

Figure 2: West Channel Downstream Pool Estimated Area Measurement



August Spillway Test Flow

Based on the pool volume information presented in this memo, SC&EG proposes to pass a spillway flow of approximately 25 acre ft. over a three hour period during the August 2016 testing. During the first week of monitoring the HOBOs will be deployed with no planned spill - only gate leakage. The first day of monitoring during the second and third weeks, the HOBOs will be cleaned, data retrieved, replaced in the channel, and a crest gate spill will be released.  During the subsequent days of monitoring each week, the HOBOs will document how quickly the temp and DO deteriorate in the West Channel. This should provide us with a reference point to discuss the frequency of spills potentially needed to create water quality improvements in the West Channel.



West Channel Flow Test

 6-23-2016
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West Channel Flow Test - June 23, 2016
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From: Alison Jakupca
To: Henry Mealing; Kelly Kirven; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon
(mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Jim Glover (gloverjb@dhec.sc.gov); Jordan Johnson;
Karla Reece (Karla.Reece@noaa.gov); Lorianne Riggin (RigginL@dnr.sc.gov); rammarell@scana.com; Randy
Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov);
Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: RE: Monticello Reservoir Fluctuation Report - Draft
Date: Friday, July 29, 2016 8:56:47 AM
Attachments: image005.png

image006.png

Good Morning TWC,
 
As mentioned in Henry’s email (copied below), I have created a Doodle Poll for the Fisheries TWC
Meeting proposed for late August/early September.   Please follow the following link to vote for the
date and time that works best for your schedule: http://doodle.com/poll/mishn2cbkb69ht6i.  Please

have all votes in by next Friday, August 5th.  Thanks and have a great weekend!  Alison
 
Alison Jakupca
Project Regulatory Coordinator

Office:  803 462 5628
Mobile: 864 906 4119
www.KleinschmidtGroup.com

 

 
 
 

From: Henry Mealing 
Sent: Thursday, July 28, 2016 1:51 PM
To: Kelly Kirven <Kelly.Kirven@KleinschmidtGroup.com>; Alison Jakupca
<Alison.Jakupca@KleinschmidtGroup.com>; ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>;
Bill Marshall (marshallb@dnr.sc.gov) <marshallb@dnr.sc.gov>; Bill Stangler
(CRK@congareeriverkeeper.org) <CRK@congareeriverkeeper.org>; BRESNAHAN, AMY
<Amy.Bresnahan@scana.com>; Byron Hamstead (Byron_hamstead@fws.gov)
<Byron_hamstead@fws.gov>; Caleb Gaston (caleb.gaston@scana.com) <caleb.gaston@scana.com>;
Chad Altman (altmankc@dhec.sc.gov) <altmankc@dhec.sc.gov>; Dick Christie (christied@dnr.sc.gov)
<christied@dnr.sc.gov>; Fritz Rohde (Fritz.Rohde@noaa.gov) <Fritz.Rohde@noaa.gov>; Gerrit Jobsis
(gjobsis@americanrivers.org) <gjobsis@americanrivers.org>; Greg Mixon (mixong@dnr.sc.gov)
<mixong@dnr.sc.gov>; Hal Beard (BeardH@dnr.sc.gov) <BeardH@dnr.sc.gov>; Jim Glover
(gloverjb@dhec.sc.gov) <gloverjb@dhec.sc.gov>; Jordan Johnson
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<Jordan.Johnson@KleinschmidtGroup.com>; Karla Reece (Karla.Reece@noaa.gov)
<Karla.Reece@noaa.gov>; Lorianne Riggin (RigginL@dnr.sc.gov) <RigginL@dnr.sc.gov>;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com)
<randolph.mahan@scana.com>; randy mahan (rmahan@sc.rr.com) <rmahan@sc.rr.com>; Robert
Stroud (StroudR@dnr.sc.gov) <StroudR@dnr.sc.gov>; Ron Ahle <AhleR@dnr.sc.gov>; Sam Stokes
(stokess@dnr.sc.gov) <stokess@dnr.sc.gov>; Shane Boring
<Shane.Boring@KleinschmidtGroup.com>; Steve Summer <ssummer@scana.com>; STUTTS,
BRANDON G <BSTUTTS@scana.com>; Tom McCoy (thomas_mccoy@fws.gov)
<thomas_mccoy@fws.gov>
Subject: Monticello Reservoir Fluctuation Report - Draft
 
Good morning,
 
Attached is a draft copy of the Monticello Reservoir Habitat Enhancement Report based on the
last TWC field meeting.  Please review the report and let us know if you have any comments
by August 11, 2016.
 
We plan to hold a TWC ½ day meeting on one of the following dates to review the report and
develop the final framework for a PM&E measure:
 
Tuesday, August 23
Wednesday, August 24
Wednesday, August 31
Thursday, September 1
 
We will send out a Doodle Poll tomorrow so that TWC members can input your preferences.
 
Thanks for you continued involvement in the Parr Relicense.
 
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC  29072
706-339-3209
www.KleinschmidtGroup.com

 
 

http://www.kleinschmidtusa.com/


From: Alison Jakupca
To: Alex Pellett (PellettC@dnr.sc.gov); ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston (caleb.gaston@scana.com); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry
Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece (Karla.Reece@noaa.gov);
Kelly Kirven; Lorianne Riggin (RigginL@dnr.sc.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron
Ahle; Sam Stokes (stokess@dnr.sc.gov); Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Final Fisheries TWC Meeting Notes - May 23, 2016
Date: Friday, July 29, 2016 9:12:05 AM
Attachments: 2016-05-23 final Fisheries_TWC_notes - Monticello Reservoir Field Observ.pdf

Dear Fisheries TWC member,
 
Attached are the final meeting notes for the May 23, 2016 meeting on Monticello Reservoir
where the TWC reviewed potential habitat enhancements (numbers and locations). Thanks for
your continued involvement on this project.
 
Alison Jakupca
Project Regulatory Coordinator

Office:  803 462 5628
Mobile: 864 906 4119
www.KleinschmidtGroup.com
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MEETING NOTES 
 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 
Fisheries TWC Meeting 


 
May 23, 2016 


Final ACJ 07-29-16 
 


             
  Page 1 of 1  


 
ATTENDEES:      
 
Bill Argentieri (SCE&G)   Bill Marshall (SCDNR) 
Scott Collins (SCE&G)   Dick Christie (SCDNR) 
Tommy Boozer (SCE&G)   Robert Stroud (SCDNR) 
Ray Ammarell (SCE&G)   Ron Ahle (SCDNR) 
Brandon Stutts (SCANA)   Alex Pellett (SCDNR) 
Caleb Gaston (SCANA)   Jordan Johnson (Kleinschmidt) 
Henry Mealing (Kleinschmidt)  
 
 
 
These notes serve as a summary of the major points presented during the meeting and are not 
intended to be a transcript or analysis of the meeting. 
 
The group met at the SCE&G “99” Boat Ramp to perform a review of potential sites on Monticello 
Reservoir for habitat enhancement.  Based on previous meetings, the group reviewed each site for 
spawning enhancement – nursery/juvenile enhancements – and adult fish deep water enhancements. 
The group also discussed the use of felling trees into the lake and cabling them to the shoreline.  
This type of enhancement would create a variety of fish habitat along the shoreline areas.  SCDNR 
noted that this was a good enhancement but would likely need to be repeated during the license as 
the wood would deteriorate. The group also noted that hardwoods would be better for this type of 
enhancement than using pines. 
 
The group reviewed 13 areas and made notes on the potential for each of the four enhancements at 
each area.  Kleinschmidt has prepared updated project maps to depict each site, the general type and 
number of enhancement, and the general location of each type of habitat enhancement.  See 
attached PDF file. The maps also indicate the number of enhancements for deep water (15 
structures) and nursery (3 structures) at each site. The number of spawning and felled trees is not 
specified at this point. 
  
 
ACTION ITEMS: 
 


• Kleinschmidt will finalize the habitat enhancement maps based on TWC input. 
• Kleinschmidt will summarize the cost for placement of proposed habitat enhancements in 


Monticello Reservoir. 
• SCE&G Management will review this information and develop a potential enhancement 


measure for the TWC to review and discuss. 
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From: Shane Boring
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie
(dchristie@comporium.net); Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry Mealing; Karla Reece
(Karla.Reece@noaa.gov); Kelly Kirven; Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin
(RigginL@dnr.sc.gov); Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Harder; Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Parr-FF Draft Instream Flow Report
Date: Monday, August 08, 2016 4:46:24 PM
Attachments: 2016-08-05 Parr IFIM Draft Report.docx

Dear Instream Flow TWC:
 
Attached for your review is the draft Instream Flow Report for Parr Hydro Project.  Please note that
this report is intended to be a data report describing the flow/habitat relationships and is not
intended to provide a flow recommendation.  You will be receiving a doodle poll shortly for a
meeting in mid- to late-September to go through the study results as a group and discuss next steps. 
Finally, please note that the report appendices will be provided in a separate email due to file size.
Thanks to all who participated in development of this study and please don’t hesitate to call if we
can answer any questions. 
 
C. Shane Boring
Environmental Scientist

Office: 803.462.5625
www.KleinschmidtGroup.com
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[bookmark: _Toc455145022][bookmark: _Toc455145525][bookmark: _Toc457567660]Introduction

[bookmark: _GoBack]The Parr Hydroelectric Project (FERC No. 1894) (Project) is a 526.08 megawatt (MW) licensed hydroelectric facility and is owned and operated by South Carolina Electric & Gas (SCE&G). The Project consists of the Parr Shoals Development and the Fairfield Pumped Storage Development. Both developments are located along the Broad River in Fairfield and Newberry Counties, South Carolina (Figure 11).

The Parr Shoals Development forms Parr Reservoir along the Broad River. The Development consists of a 37-foot-high, 200-foot-long concrete gravity spillway dam with a powerhouse housing generating units with a combined licensed capacity of 14.88 MW. Parr Shoals operates in a modified run-of-river mode and normally operates to continuously pass Broad River flow. The 13-mile-long Parr Reservoir has a surface area of 4,400 acres at full pool and serves as the lower reservoir for pumped-storage operations. The Fairfield Pumped Storage Development is located directly off of the Broad River and forms the 6,800-acre upper reservoir, Monticello Reservoir, with four earthen dams. As noted, Parr Reservoir serves as the lower reservoir for pumped storage operations. The Fairfield Development has a licensed capacity of 511.2 MW and is primarily used for peaking operations, reserve generation, and non-peak energy storage.

In anticipation of the Project relicensing process, SCE&G met with a number of state and federal resource agencies and interested stakeholders to begin scoping environmental issues as they pertain to project operations. As a result, the United States Fish and Wildlife Service (USFWS), South Carolina Department of Natural Resources (SCDNR), and several Non-governmental Organizations (NGO’s) requested studies to determine the potential impact of Project operation on fishery resources and aquatic habitat, including an Instream Flow Incremental Methodology Study (IFIM) for the Broad River downstream of the Project. SCE&G formed a Technical Working Committee (TWC) composed of representatives from each interested party that consult to provide input and guidance for the study design and execution.

The IFIM is a nationally recognized method used to solve competing instream water uses involving aquatic habitat. It was developed by the Instream Flow and Aquatic Systems Group of the U.S. Fish and Wildlife Service (now a branch of the USGS). The IFIM is a tool that provides decision-makers with information showing the degree of habitat available in a defined river reach, across a range of flows (Bovee 1982). It does this by developing a quantitative estimate of habitat area at selected discharges, from site-specific measurements of stream morphology, cover, substrate, depth, velocity and discharge gathered in reaches along the river. These physical measurements are then rated for habitat suitability, based on objective habitat use data developed for the aquatic species and life stages of concern.

The IFIM does not compute a single “answer”, but instead estimates degrees of suitability under existing and alternative flow scenarios. In this application, it may be used to estimate the extent that various project water management proposals may affect aquatic habitat in particular stream reaches. IFIM results must be evaluated in the context of watershed hydrology and the strategic needs of other competing uses, which in this case include, but are not necessarily limited to Parr Reservoir lake levels, water quality, fisheries, boating, and hydroelectric power generation.

The scope of this study is to provide data quantifying the effects of flows on aquatic habitat suitability in the Broad River for the aquatic community and its managed fish resources, including diadromous and resident fish species, and to assist the TWC in identifying flow targets that support habitat requirements for a balanced aquatic community. These data are used in conjunction with hydrologic, operational and other models to evaluate the costs and benefits of providing alternate flows to the Broad River. This IFIM study was scoped and directed by a study team that included representatives from the TWC. The study was conducted by SCE&G under the supervision of the TWC.
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[bookmark: _Ref455473584][bookmark: _Toc458437727]Figure 11	Project Location Map




[bookmark: _Toc457567661]Description of the Study Area

The Broad River rises on the east slope of the Appalachian Mountains, and flows southeasterly across the Piedmont geomorphic province to its confluence at the fall line with the lower Saluda River in Columbia, South Carolina, where the combined flows form the Congaree River. Below the Parr Shoals Dam, the river is free flowing for approximately 26 miles through generally low gradient riverine geomorphology until just below Boatright Island. Below Boatright Island, the Broad River is influenced by backwatering from the Columbia Hydroelectric Project, which is located approximately two miles above the confluence with the lower Saluda River. The drainage area at the Parr Project is 4,750 square miles. A real time stream flow gage exists at USGS 02161000 (Broad River at Alston, SC), which is located approximately 1.5 miles below the Parr Shoals Dam.

[bookmark: _Toc457567662]Upstream and Downstream Boundaries

The TWC identified the segment of the Broad River between the Parr Shoals Dam and the downstream end of the Bookman Island complex as the study area (Figure 2-1). Flow in this reach is primarily influenced by releases from the Parr Shoals dam and powerhouse. There are no significant flow contributions from tributaries within the study reach.
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[bookmark: _Toc458437728]Figure 21	Parr Fairfield Instream Flow Study Area



[bookmark: _Toc457567663]Habitat and Geomorphology

The Broad River flows southeasterly through a river corridor that is predominantly rural, and in general the river banks and riparian zones are forested. Overall the river is relatively straight for much of the reach, with moderate levels of sinuosity. The upper segment of the study area (Reach One) is dominated by well-defined banks (i.e. with discernible and consistent crests and toes) and relatively low-gradient pools, runs and glides, periodically segmented by short riffles. The lower segment (Reach Two) also contains pools, glides and runs, but exhibits higher gradient bedrock drops and more pronounced riffles, and features ledge and boulder substrates which reflect down cutting through the piedmont terrace. There are several islands with pronounced side channels and/or braids such as Haltiwanger, Bookman and Huffman islands.

[bookmark: _Toc457567664]Fishery Management

The varied instream features within the study area support a diverse community of warm water fish species and provide seasonal spawning and nursery habitat for anadromous American shad and striped bass. In addition, smallmouth bass, other centrarchids and catfish provide a sport fishery. Robust redhorse is a rare migratory sucker species present in the study area. Collaborative restoration efforts are underway to protect this fish, and the USFWS describes it as an At-Risk-Species (ARS). Features within the study reach may also provide suitable conditions for robust redhorse spawning and rearing (See Robust Redhorse Spawning Memo in Appendix A).

[bookmark: _Toc457567665]Hydrology

The total contributing drainage area for the Parr Shoals development is 4,750 square miles, and the drainage area for the Fairfield Development is 15 square miles. Flows are recorded downstream of Parr Shoals dam at the USGS gage at Alston (USGS gage 02161000). This gage has a continuous period of record dating back to 1981. The monthly mean, minimum and maximum flows for the Project are presented below in Table 2-1. Annual flow-duration curves for the Project are contained in Appendix A of the Pre-Application Document (PAD).







[bookmark: bookmark4][bookmark: 4.2.3_Existing_and_Proposed_Uses_of_Proj][bookmark: 4.2_Water_Resources_[§_5.6_(d)(3)(iii)]][bookmark: 4.2.1_Drainage_Area][bookmark: 4.2.2_Flow_Statistics][bookmark: bookmark0][bookmark: bookmark1][bookmark: bookmark2][bookmark: bookmark3][bookmark: _Toc457566947]Table 21	Monthly Mean, Maximum and Minimum Data for the USGS Gage at Alston (02161000), for Water Years 1981-2013, By Water Year (WY) (in Cubic Feet Per Second)



		

		OCT

		NOV

		DEC

		JAN

		FEB

		MAR

		APR

		MAY

		JUN

		JUL

		AUG

		SEP



		MEAN

		3,565

		4,016

		5,650

		7,252

		7,877

		9,023

		6,606

		5,033

		3,791

		3,198

		3,475

		2,760



		MAX

		17,360

		14,500

		14,190

		17,790

		16,960

		21,560

		18,040

		14,830

		8,909

		12,440

		10,210

		14,740



		(WY)

		(1991)

		(1993)

		(2010)

		(1993)

		(1990)

		(1993)

		(2003)

		(2003)

		(2003)

		(2013)

		(1995)

		(2004)



		MIN

		638

		725

		1,251

		2,106

		1,985

		3,170

		2,821

		1,783

		763

		600

		546

		624



		(WY)

		(2008)

		(2008)

		(2008)

		(2011)

		(2009)

		(2006)

		(2012)

		(2001)

		(2008)

		(2008)

		(2002)

		(2007)
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[bookmark: _Toc457567666]Methods

Aquatic habitat suitability at most sites was evaluated using standard field procedures and Physical Habitat Simulation (PHABSIM) modeling techniques of the Instream Flow Incremental Methodology (IFIM), developed by the National Ecology Research Center of the National Biological Survey (Bovee, 1982; Bovee, et al. 1998; Milhouse et al. 1989). The IFIM quantifies habitat values of alternative stream flows using pre-determined habitat suitability index (HSI) criteria for selected species based on stream hydraulics models of study reaches. HSI criteria are based on flow-related depth, velocity, substrate, and cover preferences of targeted lifestages of the evaluation species.

General procedures involve collecting hydraulic data (e.g. bed profile, depth, velocity, and water surface elevation at a series of known calibration flows) and habitat data (i.e. substrate and relevant cover characteristics) at a series of loci (“verticals”) along representative cross-sectional transects. Paired verticals along a transect define the lateral boundaries of a series of "cells". Each cell area is assumed to be homogeneous with respect to depth, velocity, substrate, and cover. The length of stream represented by each transect is determined by field mapping. Hydraulic modeling predicts changes in depth and velocity in each cell as discharge varies. The area of each cell is then weighted relative to HSI criteria for each evaluation species life stage to compute habitat suitability. Total habitat suitability at each flow is calculated by summing weighted habitat area at all transect cells. Weighted Usable Area (WUA) is the standard unit of habitat calculated in standard IFIM computations: one unit of WUA is equal to one square foot of “optimum” habitat suitability as defined by the habitat suitability criteria.

Locations where PHABSIM methodologies were not used include a braided reach where two-dimensional (2-D) modeling was employed (Sites 9 and 10), a backwater area affected by Project operations (Site 4) where wetted perimeter modeling was employed, and a site consisting of perched bedrock pools (Site 1) where calculation of pool volume turnover was conducted for purposes of addressing water quality concerns. These methodologies are discussed in greater detail below.




[bookmark: _Toc457567667]Scoping

The study was collaboratively designed by members of the TWC, including biologists from USFWS, SCDNR and American Rivers. The TWC provided technical input to the consultant, and determined study area boundaries, evaluation lifestages, HSI criteria, modeling approach, and study site locations within each reach. These parameters were based on site reconnaissance and first-hand knowledge of habitat in the Broad River (Appendix B – TWC Scoping). 

The TWC conducted a float trip in June 2013 to select study reaches study sites and in some cases transects, and data collection and modeling approaches. Based on this site visit, the study area was segmented into two independent reaches (Figure 2-1). Reach One extends from Parr Shoals Dam to the downstream end of Hampton Island, near the Palmetto Trail crossing, and includes five study sites selected by the TWC (Figure 3-1). The TWC determined that PHABSIM would be the primary tool to assess aquatic habitat suitability in Reach One, with the exception of Study Sites 1 and 4. Study Site 1 consisted primarily of perched bedrock pools located at the base of the dam. The TWC requested bathymetric mapping for purposes of determining pool volumes to support determination of flows necessary to maintain acceptable water quality. Study Site 4 was located in the west channel near the downstream terminus of Hampton Island and was deemed not suitable for PHABSIM modeling due to backwatering from the project tailrace. Study Site 4 was subsequently assessed through a wetted perimeter analysis.

Reach Two extended from the Palmetto Trail trestle crossing at the base of Hampton Island to Boatright Island and included five additional study sites (Figure 3-1). PHABSIM was again the primary mean of assessing habitat suitability, with two exceptions. A 2-D modeling approach was deemed appropriate at Study Site 10 due to the braided and complex nature of the Bookman Island complex. Finally, the TWC determined that habitat at Study Site 9 (Huffman Island) was similar to habitat occurring at Study Site 10; therefore the former could be addressed through a simple flow demonstration to confirm transferability of 2-D modeling  results from Study Site 10.

Each study site was chosen by the TWC to represent a specific type of representative and/or biologically strategic habitat within the subject reach. PHABSIM transects were placed within each study site (Figures 3-2 and 3-3) as necessary to portray channel configuration, slope, hydraulics and/or substrate and cover of specific mesohabitat types of interest (Table 3-1). The total length of stream represented by each study site within each reach was determined by mesohabitat mapping. Mesohabitat boundaries were delineated in the field by demarking the upstream boundary of each contiguous mesohabitat type with a handheld GPS unit. Boundaries were identified by visual inspection and soundings obtained from a small boat traversing the study area at a low flow (approximately 800 cfs). Additional detail regarding the mesohabitat assessment result are included in Appendix C.
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[bookmark: _Toc458437729]Figure 31	Parr Hydro Project – IFIM Study Sites
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[bookmark: _Toc458437730]Figure 32	Parr Hydro Project - Reach One Habitat Transects
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[bookmark: _Toc458437731]Figure 33	Parr Hydro Project - Reach Two Habitat Transects



[bookmark: _Toc457566948]Table 31	Parr Hydro IFIM Study - Summary of Study Sites and Transects

		STUDY SITE

		TRANSECT ID

		MESOHABITAT



		2

		2.2

		Glide



		 

		2.1

		Run



		3

		3.3

		Run



		 

		3.2

		Glide



		

		3.1

		Riffle



		4 

		4.1

		backwater



		5

		5.2

		Run



		 

		5.1

		Riffle



		6

		6.2

		Glide



		 

		6.1

		Riffle



		7

		7.2

		Glide



		 

		7.1

		Riffle



		8

		8.2

		Riffle



		 

		8.1

		Riffle



		

		

		





In addition to habitat study sites, the TWC also identified two areas during scoping that were potentially restrictive to the upstream passage of fish. These areas were identified in the Study Plan as "Ledge 1" and "Ledge 2" (Figure 3-4). Ledge 1 consists of a bedrock ledge located at a lat/long of 34°12’49.999”N, 81°15’46.507”W, approximately 2.4 miles upstream of Haltiwanger Island. Ledge 1 is located directly downstream and serves as the hydraulic control for IFIM Study Site 7. The study plan originally identified a primary passage point for Ledge 1 on river left (looking upstream); however, a secondary passage point, located near mid-channel, was also noted during execution of the field effort. Ledge 2 consists of a bedrock ledge located at a lat/long of 34°10’18.154”N, 81°10’15.941”W, 1.3 miles upstream of Hickory Island and approximately 0.5 miles downstream of the mouth of Little River. Field investigations identified the primary navigational passage point on river left (looking upstream).




[image: ]

[bookmark: _Toc458437732]Figure 34	Zone-of-passage sites identified by the TWC



[bookmark: _Toc457567668]Evaluation Lifestages

Each species and lifestage was quantitatively rated using HSI criteria, in which parameters of depth, velocity, and substrate were independently assigned rating values based on research, literature, observations, and/or professional judgment (Bovee, 1982; Bovee et al., 1998). The TWC originally identified 11 target species for evaluation during the IFIM study (Table 3-2). Consultation with the TWC resulted in many of these species being combined into guilds based on similar habitat requirements, with smallmouth bass (spawning, fry, juveniles and adults), redbreast sunfish (spawning and adults), and American shad (spawning) remaining as stand-alone species (Table 3-2).

HSI curves used in this study are included in Appendix D and were adopted primarily from the Lower Saluda River IFIM Study (Kleinschmidt 2008). One exception was smallmouth bass spawning depth, for which the TWC identified a HSI curve developed for the Deerfield River, MA as being more appropriate. Similarly, the TWC elected to utilize curves recently developed by Hightower et al. (2012) to quantify spawning habitat for American shad.
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[bookmark: _Toc457566949]Table 32	Target Species Habitat Use Guilds and HSI Criteria Source

		

		LIFESTAGE

		SOURCE

		GUILD



		smallmouth bass

		spawning (depth)

		Deerfield River, MA

		N/A



		smallmouth bass

		spawning (velocity and substrate)

		Saluda

		N/A



		smallmouth bass

		fry

		Saluda

		N/A



		smallmouth bass

		juvenile

		Saluda

		N/A



		smallmouth bass

		adult

		Saluda

		N/A



		American shad

		spawning

		Hightower et al. 2012

		N/A



		brassy jumprock

		adult

		Saluda

		deep slow



		brassy jumprock

		juvenile

		Saluda

		shallow slow



		brassy jumprock

		spawning

		Saluda

		shallow fast



		whitefin shiner

		adult

		Saluda

		shallow slow; deep slow



		whitefin shiner

		juvenile

		Saluda

		shallow slow



		whitefin shiner

		spawning

		Saluda

		shallow fast



		robust redhorse

		adult

		Saluda

		deep slow



		robust redhorse

		juvenile

		Saluda

		deep slow



		robust redhorse

		spawning

		Saluda

		shallow fast



		Santee chub

		adult

		Saluda

		shallow fast



		striped bass

		adult

		Saluda

		deep fast



		piedmont darter

		adult

		Saluda

		shallow fast



		piedmont darter

		spawning

		Saluda

		shallow fast



		snail bullhead

		adult

		Saluda

		deep slow



		redbreast sunfish

		adult

		Saluda

		N/A



		redbreast sunfish

		spawning

		Saluda

		N/A



		channel catfish

		adult

		Saluda

		deep slow



		channel catfish

		juvenile

		Saluda

		deep slow; deep fast
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Field Methods

The location of each transect was field blazed with flagging and paint and documented using Global Position System (GPS) technology. The transect headpin and tailpin ends were located at or above the top-of-bank elevation, and were secured by steel rebar. Each headpin was positioned on river right (looking downstream) and tailpins were located on river left. A measuring tape or kevlar line was secured at each transect to enable repeat field measurements to occur at specific stream loci. Stream bed and water elevations tied to a local datum were surveyed to the nearest 0.1 ft using standard optical surveying instrumentation and methods.

Depth, velocity, cover and substrate data were gathered at intervals (verticals) along each transect. Each vertical was located to the nearest 0.1 ft wherever an observed shift in depth or substrate/cover occurred. Verticals were arranged so that no more than 10% of the river discharge passed between any pair, enhancing hydraulic model calibration. A staff gage was set and monitored at the beginning and end of each set of hydraulic measurements to confirm stable flow during measurements.

Mean column velocity was measured to the nearest 0.1 ft/second with either a calibrated electronic velocity meter mounted on a top-setting wading rod or an Acoustic-Doppler Current Profiler (ADCP) transducer. In water less than 2.5 ft depth, measurements were made at 0.6 of total depth (measured from the water surface); at greater depths, paired measurements were made at 0.2 and 0.8 of total depth, and averaged.

Discharge through the study area is regulated by Parr Shoals Dam and therefore field work was coordinated with pre-arranged releases from the Project. Hydraulic data were collected at three calibration discharges according to study objectives (approximately 400; 2,000 and 6,000 cfs), to facilitate modeling in a range from approximately 200 cfs up to 15,000 cfs. One exception to this was Study Site Two, which is located in the West Channel below the dam and is not subject to powerhouse flows. At this site, calibration flows of approximately 46, 395 and 1,880 cfs were released into the West Channel via the spillway crest gates to allow modeling from 20 cfs up to 2,000 cfs.

Because the stage-discharge relationship is rarely linear, a minimum of three calibration flows is required to define the shape of stage-discharge curve for the flow range of interest. PHABSIM hydraulic models, as a rule of thumb, may extrapolate to as low as 40% of the lowest flow and up to 250% of the highest flow under ideal conditions. Therefore a low calibration flow of 400 cfs was selected to adequately provide data to model down to approximately 200 cfs and a high calibration flow of 6,000 cfs was selected to enable model extrapolation up to 15,000 cfs. The choice of middle calibration flow was made to be at least twice as high as the low flow in order to capture a set of hydraulic conditions significantly different than the low flow, and also approximately an order of magnitude lower than the high calibration flow.

Hydraulic Modeling

Hydraulic modeling and quality assurance/quality control techniques were conducted in accordance with standard practices for PHABSIM. Hydraulic modeling was accomplished by correlating each surveyed WSEL with discharge to develop a stage-discharge relationship for each transect. The model then adjusted velocities obtained at calibration flows to each flow increment of interest for which a defined water stage had been calculated. The model was then calibrated by comparing simulated hydraulics to empirical measurements taken at the calibration flows. Detailed steps are summarized below.

Field data collected at transects (e.g. cross section surveys, WSELs, velocities, discharge and slope measurements) were entered into a computer database compatible with PHABSIM software. All field calculations of discharge and data entry were proofed and cross-checked for accuracy. The field data included measurements at all three calibration flows, and were used to simulate depth, velocity, substrate, and cover conditions at discharges other than the calibration flows. Discharges and WSELs were determined for all calibration flows. Bed profiles, substrate, and cover used in the model were derived from surveys made during low flows. Velocity calibration in the PHABSIM model typically relies on velocities measured during mid-range flows, although velocity measurements are sometimes made in the field for low flows at features such as riffles where velocities are irregular across the cross section.




Transects within a common study site and mesohabitat type were linked hydraulically (i.e. within the same datum) with adjacent contiguous transects and/or with downstream hydraulic controls that create backwater conditions. Stand-alone transects were independently modeled. Simulation of water surface elevations at each transect was accomplished using one of three models within the PHABSIM analysis: IFG4, MANSQ or WSP. Often, all three models are run with the best stage-discharge relationship determined for each cross-section. The specific model used at a given transect depends on site characteristics, including gradient and backwatering from downstream hydraulic controls. IFG4 uses a log-log fit to determine a stage-discharge curve for the three calibration flows. MANSQ determines the stage-discharge relationship using the Manning's equation for stream flow, while WSP uses hydraulically-linked cross-sections in a backwater model to determine the relationship. WSP is similar to backwater models such as the U.S. Army Corps of Engineers' HEC-RAS program.

Velocity calibrations for each transect were performed using routines within the IFG4 model. The range of simulated flows represented by each calibration set is determined by the hydraulic engineer based on the model's performance at the calibration flows and trends in hydraulic parameters such as water surface elevation and velocity. PHABSIM output for each simulated flow, such as Velocity Adjustment Factors (VAFs), were plotted as smooth curves, with aberrations in these curves indicative of range boundaries for a given calibration flow. Typically, these fall toward extreme low or high flows in high gradient channels, at which point one of the other three calibration sets is used to continue the model out to the extremes. The hydraulic engineer reviewed all hydraulic output and determined and documented the acceptable range of simulated flows. This range usually extended from slightly below the low calibration flow to slightly higher than the high calibration flow. 

[bookmark: _Toc457567670]Data Collection (2-D Model)

The TWC recommended that a 2-D hydraulic model as most appropriate for capturing the hydraulics and habitat suitability of the Bookman Island complex (Study Site 10) due to the complex channel characteristics. This process included the following steps:

· Raw data (terrain, velocity, depth and substrate) gathering and processing

· 2-D model development and calibration

· WUA computations

The preliminary data processing included the acquisition of remote-sensed terrain data, and merging this data with other bathymetric and topographic data. Aerial surveying was conducted at a flow of approximately 500 cfs, which provided comprehensive coverage of the study site. The end-product was a georeferenced bedfile, which is, in general terms, an xyz datafile with points that comprise the topology of the model domain (Figure 3-5).
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[bookmark: _Toc458437733]Figure 35	Subsection of model domain bedfile - (each pixel is a datapoint within the 2D Model)



Depth, velocity, WSEL, and substrate information were collected throughout the reach during two different periods of controlled flows of 1,000 and 2,000 cfs. There were three water level loggers deployed within the study reach to provide additional model calibration data. These level loggers were deployed in the upper, middle, and lower sections of the study reach.

A two dimensional substrate map (Figure 3-6) was developed based on data collected during the field effort. Substrate and cover were categorized based on codes specified within the HSI curves.

[image: ]

[bookmark: _Toc458437734]Figure 36	Channel Index (Substrate) Map - Study Site 10

The 2-D modeling was performed with River2D (Steffler and Blackburn 2002), which is a public domain software package developed as a cooperative effort between the University of Alberta, Fisheries and Oceans – Canada, and the USGS. The River2D suite includes subroutines for bed editing, mesh development and editing, depth-averaged hydrodynamic modeling, and computation of WUA. Subsequent to the bedfile development, the model mesh was developed and edited in conjunction with the model calibration. The mesh editing and calibration, in brief, involved inspecting the flow pathways within the model domain. The majority of this effort was directed at refining the mesh in locations where the base data did not accurately shape the flow pathways (Figure 3-7).
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[bookmark: _Toc458437735]Figure 37	Flow Pathway Map - Study Site 10

The WUA calculations were performed within the River2D model suite, using the same data that were used to simulate the flow. The HSI curves for depth, velocity and substrate were incorporated into the modeling data. The WUA calculations were performed using the simulated velocity and depth, and a lookup of the substrate. The WUA value was computed as the summation of the product of the HSI values times the area for all mesh cells.

[bookmark: _Toc457567671]Data Collection (ledge pools below dam in study site 1)

Bedrock pools occurring in the upper West Channel directly downstream of Parr Shoals Dam were surveyed using a Sontek M-9 ADCP unit to provide bathymetric data for the area. Supplemental depth data was collected manually in each of the primary pools at full pool leakage flow (approximately 50 cfs) during a site visit conducted in May 2016. These representative depths were then used in combination with Geographic Information System (GIS)-based surface area calculation to determine pool volumes at low flow conditions when water quality issues are likely to occur.

[bookmark: _Toc455145041][bookmark: _Toc455145544][bookmark: _Toc455145042][bookmark: _Toc455145545][bookmark: _Toc457567672]Data Collection (wetted perimeter at study site 4; backwater at lower West Channel)

The transect end points at Study Site 4 were field blazed with flagging and paint and documented with sub-meter GPS. The transect headpin and tailpin ends were located above the top-of-bank elevation, and secured by steel rebar. A Kevlar line was secured at the transect to enable repeat field measurements at specific stream locations. Streambed and water elevations tied to a local datum were surveyed to the nearest 0.1 ft using standard optical surveying instrumentation and methods. Approximately 30 verticals were established along the transect to accurately depict cross-sectional channel geometry. Water elevation at three flows spanning the range of releases associated with the PHABSIM data collection was recorded through both survey and staff gaging, so that a stage-discharge relationship could be established. These data were then used to establish a wetted perimeter rating curve.

[bookmark: _Toc455145044][bookmark: _Toc455145547]



[bookmark: _Toc455144149][bookmark: _Toc455145046][bookmark: _Toc455145549][bookmark: _Toc455144150][bookmark: _Toc455145047][bookmark: _Toc455145550][bookmark: _Toc455144151][bookmark: _Toc455145048][bookmark: _Toc455145551][bookmark: _Toc457567673]Results

Calibration flow data were primarily collected in April, June and July of 2015, with additional low flow data in support of the 2-D modeling at Study Site 10 collected in April of 2016. Results are presented below for each study site, beginning upstream.

[bookmark: _Toc457567674]Study Site 1 (Bedrock Pools in Upper West Channel)

Bathymetric mapping in Study Site 1 indicated five primary pools in the upstream portion of the West Channel (Figure 4-1). The estimates of pool volume range in size from 0.2 to 4.9 acre-ft (Table 4-1). Additional testing is scheduled at this site for August 2016, during which pulses of varying magnitudes will be released to the West Channel via the spillway crest gates. The releases will be monitored to determine the extent which adequate turnover is achieved to reach the desired water quality conditions.
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[bookmark: _Toc458437736]Figure 41	Primary Pools in Upper West Channel Below Parr Shoals Dam (IFIM Study Site 1)




[bookmark: _Toc457566950]Table 41	Estimated Volume of Five Major Pools in the Upstream Portion of the West Channel

		POOL #

		AREA 

(SQ FT)

		DEPTH AT 50 CFS (FT)

		POOL VOLUME (CUBIC FT)

		POOL VOLUME (ACRE FT)



		1

		29,394

		3.1

		91,121

		

		2.1

		



		2

		3,760

		2.3

		8,648

		

		0.2

		



		3

		39,255

		1.5

		58,882

		

		1.4

		



		4

		35,952

		3.1

		75,499

		

		1.7

		



		5

		119,771

		1.8

		215,588

		

		4.9

		



		TOTAL

		

		

		

		10.3

		











[bookmark: _Toc457567675]Study Site 2 (Riffle and Run Complex Located in West Channel)

This site is comprised of two linked transects spanning a boulder-dominated riffle and run complex located in the West Channel below the project dam. Data from this site suggest that WUA for several key lifestages, namely adult redbreast sunfish, smallmouth bass juveniles and the deep-slow and shallow-fast guilds, peaks in the range of 250 to approximately 500 cfs (Figure 4-2) (Table 4-2). American shad spawning and smallmouth bass adults experience maximum WUA at approximately 1,000 cfs, but this is at the detriment of many other lifestages. Finally, several lifestages, including smallmouth bass fry, redbreast sunfish spawning and the shallow-slow guild, appear velocity limited at this site, with WUA values falling as flow increases from the base flow.





 

[bookmark: _Toc458437737]Figure 42	Study Site 2 Habitat Suitability




[bookmark: _Toc457566951]Table 42	Study Site 2 Habitat Suitability

		DISCHARGE

		SMB SPAWNING

		SMB JUVENILE

		SMB ADULT

		SMB FRY

		RB ADULT

		RB SPAWNING

		AS SPAWNING

		S-S GUILD

		S-F GUILD

		D-F GUILD

		D-S GUILD



		46

		3,593

		69,023

		38,107

		177,587

		144,465

		73,381

		76,695

		49,409

		7,628

		552

		112,750



		100

		12,447

		81,000

		55,695

		173,223

		158,542

		68,520

		99,675

		33,296

		16,616

		2,083

		131,748



		200

		31,419

		100,168

		84,144

		160,052

		169,059

		61,376

		123,780

		15,941

		26,854

		5,358

		140,813



		250

		40,828

		108,057

		94,555

		155,581

		171,592

		58,300

		129,619

		10,971

		30,255

		8,136

		144,693



		300

		48,503

		113,747

		103,268

		150,849

		171,812

		54,404

		135,135

		7,869

		32,231

		11,255

		150,234



		350

		52,879

		119,193

		109,727

		145,157

		168,805

		49,425

		140,343

		6,473

		34,118

		14,886

		154,505



		395

		55,112

		123,293

		114,102

		139,183

		165,331

		45,290

		144,651

		5,539

		35,270

		18,281

		154,341



		450

		57,259

		127,005

		118,596

		131,707

		161,105

		40,626

		149,215

		5,166

		36,469

		22,624

		144,867



		500

		58,896

		128,312

		122,177

		124,582

		157,107

		37,982

		152,723

		4,803

		36,497

		26,461

		135,481



		1,000

		65,112

		114,327

		135,955

		73,148

		105,229

		23,689

		171,016

		1,388

		28,524

		53,676

		68,823



		1,880

		51,434

		58,992

		131,051

		33,514

		65,590

		16,478

		174,298

		252

		21,364

		70,253

		26,080



		2,000

		49,621

		53,321

		129,254

		31,112

		63,256

		15,800

		173,471

		245

		20,643

		69,943

		24,833
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[bookmark: _Toc457567676]Study Site 3 (Run-Glide-Riffle Complex Directly Downstream of Parr Powerhouse)

This site consists of three linked transects spanning a cobble and gravel dominated run-glide-riffle complex located directly downstream of the Parr Shoals powerhouse. This site has been noted as an important site for freshwater mussels and as a potential robust redhorse spawning site. WUA results show that several lifestages, including redbreast sunfish adult and smallmouth bass juveniles, have peak habitat suitability at flows ranging from 400 to approximately 900 cfs (Figure 4-3) (Table 4-3). The shallow-fast guild, which includes robust redhorse spawning, also peaks in this range. Finally, habitat suitability for smallmouth bass adults, smallmouth bass spawning and American shad spawning follow similar patterns to one another, peaking at approximately 1,500 to 2,000 cfs. Smallmouth bass fry and the shallow-slow guild appear to be velocity limited at this site, with WUA values falling as flow increases from the base flow. Both deep-slow and shallow-slow guilds have limited habitat suitability at this under all flow increments.
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[bookmark: _Toc458437738]Figure 43	 Study Site 3 Habitat Suitability
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[bookmark: _Toc457566952]Table 43	Study Site 3 Habitat Suitability

		DISCHARGE

		SMB SPAWNING

		SMB JUVENILE

		SMB ADULT

		SMB FRY

		RB ADULT

		RB SPAWNING

		AS SPAWNING

		S-S GUILD

		S-F GUILD

		D-F GUILD

		D-S GUILD



		200

		22,010

		35,895

		3,245

		246,534

		44,190

		56,194

		120,632

		20,227

		66,201

		0

		6,155



		300

		39,568

		53,023

		8,842

		247,519

		63,111

		64,009

		153,920

		14,301

		83,824

		0

		11,464



		350

		49,956

		59,398

		12,657

		243,919

		70,590

		61,535

		167,976

		9,857

		91,012

		0

		14,970



		400

		60,444

		63,598

		17,079

		241,241

		75,583

		54,781

		180,321

		15,779

		97,020

		0

		18,557



		500

		84,153

		69,445

		27,450

		235,249

		84,730

		52,279

		202,960

		7,678

		102,671

		18

		26,424



		750

		144,211

		75,020

		55,233

		197,685

		99,135

		52,159

		240,800

		8,456

		101,510

		2,683

		30,820



		1,000

		187,128

		74,361

		80,722

		164,360

		102,196

		47,588

		263,652

		5,165

		91,959

		13,389

		33,976



		1,200

		209,621

		70,340

		97,638

		143,295

		97,872

		46,021

		275,126

		4,908

		83,741

		30,196

		36,570



		1,500

		227,651

		62,505

		114,691

		118,562

		87,845

		42,077

		286,317

		4,346

		73,349

		64,709

		36,520



		2,000

		223,911

		48,562

		123,771

		85,089

		71,328

		47,632

		294,034

		2,162

		56,730

		129,719

		27,237



		2,250

		218,971

		43,563

		127,623

		72,426

		67,802

		45,587

		294,550

		2,559

		49,660

		166,430

		23,277



		3,000

		182,696

		30,254

		120,543

		42,781

		57,363

		39,697

		290,129

		1,686

		33,070

		232,128

		15,725



		4,000

		132,698

		17,228

		103,264

		22,907

		47,726

		35,346

		279,051

		1,440

		19,202

		244,475

		13,084



		5,000

		95,391

		10,302

		83,733

		13,665

		42,410

		30,183

		266,167

		1,483

		10,706

		196,150

		9,249



		6,000

		73,583

		7,408

		66,396

		9,506

		40,400

		25,129

		250,501

		1,184

		5,364

		128,195

		6,275



		7,000

		53,598

		6,030

		48,860

		7,856

		38,010

		20,758

		238,542

		721

		2,515

		69,829

		5,693
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[bookmark: _Toc457567677]Study Site 4 (West Channel Wetted Perimeter Transect)

A bed profile depicting the wetted perimeter transect at Study Site 4 is provided in Figure 4-4. A rating curve depicting the wetted width – flow relationship for Study Site 4 is provided is Figure 4-5.



[bookmark: _Toc458437739]Figure 44	Bed Profile at Study Site 4 Showing Water Surface Elevation at IFIM Calibration Flows
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[bookmark: _Toc458437740]Figure 45	Wetted Width Rating Curve for Study Site 4





[bookmark: _Toc457567678]Study Site 5 (Ledge-Controlled Riffle in Lower East Channel)

This site consists of two linked transects located at a ledge-controlled glide-riffle located downstream of the Parr Shoals powerhouse just upstream of the downstream terminus of Hampton Island. All of the lifestages and guilds modeled at this site experienced peak WUA in the range of 500 to approximately 1000 cfs (Figure 4-6) (Table 4-4). This site provides relatively limited suitability for a number of lifestages, including shallow-fast guild, deep-fast guild, smallmouth bass fry, and redbreast sunfish spawning.







[bookmark: _Toc458437741]Figure 46	Study Site 5 Habitat Suitability
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[bookmark: _Toc457566953]Table 44	Study Site 5 Habitat Suitability

		DISCHARGE

		SMB SPAWNING

		SMB JUVENILE

		SMB ADULT

		SMB FRY

		RB ADULT

		RB SPAWNING

		AS SPAWNING

		S-S GUILD

		S-F GUILD

		D-F GUILD

		D-S GUILD



		200

		28,083

		53,848

		56,543

		86,800

		136,977

		52,055

		68,051

		7,018

		6,342

		7,119

		136,092



		300

		34,276

		49,561

		64,142

		67,987

		132,491

		40,997

		71,047

		6,160

		6,572

		17,363

		131,583



		400

		36,049

		38,556

		66,756

		45,721

		133,190

		39,197

		69,047

		6,514

		5,081

		29,183

		129,485



		500

		38,478

		39,271

		68,494

		42,613

		124,819

		36,520

		72,001

		6,032

		6,393

		32,730

		116,099



		750

		50,493

		32,787

		88,993

		29,282

		131,661

		27,682

		79,632

		2,689

		4,302

		43,541

		125,505



		1,000

		52,305

		24,913

		89,452

		16,229

		115,085

		22,847

		77,843

		2,779

		3,780

		41,495

		103,544



		1,500

		44,979

		19,998

		88,413

		6,584

		86,780

		18,717

		72,279

		2,149

		2,075

		23,583

		75,763



		2,000

		34,035

		15,936

		82,209

		6,410

		67,785

		20,045

		75,734

		2,153

		2,555

		27,585

		52,131



		2,500

		17,113

		14,441

		80,148

		3,840

		54,643

		11,662

		61,197

		4,216

		91

		1,333

		52,594



		3,000

		10,080

		12,385

		74,277

		3,483

		47,300

		14,517

		57,062

		4,976

		0

		0

		50,984



		3,500

		6,759

		10,156

		68,334

		3,235

		42,455

		14,154

		53,573

		4,421

		0

		0

		50,415



		4,000

		4,938

		8,315

		62,530

		3,046

		39,279

		13,929

		51,134

		3,144

		0

		0

		49,753



		4,900

		2,439

		5,211

		56,984

		2,667

		35,760

		14,309

		47,393

		2,098

		0

		0

		50,663



		5,000

		3,049

		5,526

		53,526

		2,802

		35,985

		14,020

		48,334

		1,890

		0

		0

		48,825



		6,000

		2,213

		4,004

		42,668

		2,604

		34,497

		14,561

		47,419

		2,263

		0

		0

		50,155



		7,500

		1,615

		2,883

		34,807

		2,755

		33,855

		15,873

		47,275

		2,690

		0

		0

		50,047











[bookmark: _Toc457567679]Study Site 6 (Large Main Channel Riffle)

This site is comprised of two linked transects located in gravel and cobble-dominated riffle complex located approximately 3.5 miles downstream of Parr Shoals Dam. Habitat suitability for the majority of target lifestages and guilds peaks at approximately 1,500 to 1,900 cfs at this site. Smallmouth bass spawning and adult lifestages, as well as the deep fast guild, peaked at approximately 3500 cfs (Figure 4-7) (Table 4-5).
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[bookmark: _Toc458437742]Figure 47	Study Site 6 Habitat Suitability
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[bookmark: _Toc457566954]Table 45	Study Site 6 Habitat Suitability

		DISCHARGE

		SMB SPAWNING

		SMB JUVENILE

		SMB ADULT

		SMB FRY

		RB ADULT

		RB SPAWNING

		AS SPAWNING

		S-S GUILD

		S-F GUILD

		D-F GUILD

		D-S GUILD



		200

		26,585

		84,857

		24,118

		285,437

		114,115

		113,475

		131,577

		119,617

		27,340

		0

		49,474



		300

		42,637

		110,798

		45,260

		306,222

		160,968

		133,234

		165,137

		106,635

		30,427

		0

		79,497



		400

		61,906

		137,727

		76,247

		319,394

		230,410

		181,637

		198,199

		77,266

		26,471

		2,864

		136,779



		500

		72,730

		146,876

		89,526

		305,488

		236,882

		169,259

		213,162

		57,169

		31,181

		5,417

		128,920



		600

		85,471

		156,886

		112,313

		294,903

		265,947

		167,381

		230,434

		44,331

		31,617

		10,954

		152,720



		700

		98,310

		163,508

		135,068

		281,734

		290,581

		179,292

		244,294

		37,514

		31,491

		16,941

		176,107



		800

		111,494

		168,086

		157,142

		270,554

		310,409

		178,462

		255,182

		28,297

		30,600

		23,183

		197,806



		900

		123,595

		170,807

		176,480

		261,320

		323,790

		169,242

		263,953

		22,044

		29,573

		30,634

		209,830



		1,000

		134,345

		171,663

		194,370

		252,831

		332,639

		162,699

		271,192

		16,105

		28,176

		39,037

		226,852



		1,100

		143,613

		171,112

		210,820

		244,155

		337,882

		155,421

		276,775

		13,912

		26,919

		47,747

		244,469



		1,200

		151,615

		168,556

		225,268

		235,503

		340,255

		146,664

		281,595

		13,618

		25,488

		54,830

		253,984



		1,500

		195,308

		171,373

		268,572

		205,111

		337,243

		125,677

		301,792

		8,596

		24,979

		86,147

		264,661



		2,000

		202,531

		150,005

		268,770

		157,825

		258,831

		84,461

		309,582

		4,538

		27,685

		101,722

		158,617



		3,000

		217,358

		97,067

		293,225

		87,967

		232,410

		48,187

		296,949

		942

		14,045

		163,477

		145,056



		4,000

		200,810

		54,266

		275,050

		49,201

		182,416

		32,379

		280,009

		204

		8,629

		146,235

		99,247



		4,900

		175,703

		34,291

		266,943

		22,600

		165,653

		20,187

		251,537

		0

		3,575

		90,326

		84,097



		5,000

		174,226

		33,445

		255,326

		26,829

		147,997

		21,491

		262,462

		0

		4,891

		109,750

		71,327



		6,000

		146,633

		25,185

		232,790

		14,774

		122,888

		14,915

		244,481

		0

		2,732

		72,430

		43,378



		7,000

		121,113

		20,946

		212,332

		8,898

		103,098

		10,256

		227,281

		0

		1,687

		40,786

		32,282



		8,000

		96,921

		18,087

		192,959

		6,637

		85,223

		7,271

		211,218

		0

		1,055

		18,319

		29,607



		9,000

		74,082

		15,851

		174,016

		5,770

		68,824

		5,035

		197,430

		0

		836

		7,838

		26,329



		10,000

		55,106

		14,153

		157,095

		5,083

		55,986

		3,257

		186,297

		0

		883

		3,321

		20,375



		15,000

		20,244

		7,050

		100,384

		2,152

		22,933

		1,460

		158,756

		0

		863

		7,059

		7,834











[bookmark: _Toc457567680]Study Site 7 (Pizza Oven Site)

This site is comprised of two linked transects located in a ledge-controlled riffle-glide complex located approximately 5.4 miles downstream of Parr Shoals Dam. Habitat suitability for the majority of target lifestages and guilds peaked at approximately 700 to 1,000 cfs at this site (Figure 4-8) (Table 4-6). American shad spawning reached an inflexion point at around 1,500 cfs and remained steady through the remainder of the flow range modeled. A much broader range of suitability was indicated for smallmouth bass adult, with a relatively broad peak occurring between approximately 500 and 4000 cfs. Habitat for the shallow-fast guild rose moderately as the flow departed from base flow, peaking at around 2000 cfs.
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[bookmark: _Toc458437743]Figure 48	Study Site 7 Habitat Suitability




[bookmark: _Toc457566955]Table 46	Study Site 7 Habitat Suitability

		DISCHARGE

		SMB SPAWNING

		SMB JUVENILE

		SMB ADULT

		SMB FRY

		RB ADULT

		RB SPAWNING

		AS SPAWNING

		S-S GUILD

		S-F GUILD

		D-F GUILD

		D-S GUILD



		200

		4,778

		185,059

		106,819

		341,484

		261,525

		79,634

		190,039

		122,349

		28,370

		2,170

		190,546



		300

		12,942

		227,495

		131,731

		337,537

		290,739

		81,168

		217,716

		79,969

		41,312

		4,747

		208,321



		400

		22,121

		257,381

		154,708

		331,938

		310,815

		75,471

		238,470

		64,989

		54,353

		7,648

		222,996



		500

		34,302

		284,854

		181,096

		340,459

		329,123

		79,053

		257,465

		31,947

		54,073

		15,931

		247,404



		600

		41,500

		301,292

		195,795

		333,109

		332,707

		75,154

		270,953

		18,056

		65,422

		20,536

		258,756



		700

		47,678

		312,857

		206,639

		319,872

		330,990

		69,883

		283,123

		13,759

		76,079

		24,832

		251,728



		800

		51,975

		319,568

		216,098

		306,876

		323,038

		59,448

		293,809

		10,047

		86,486

		27,215

		240,446



		900

		55,638

		322,798

		225,065

		293,088

		309,500

		48,517

		303,336

		8,054

		96,392

		29,135

		236,609



		1,000

		58,836

		321,939

		233,257

		275,941

		293,562

		39,499

		311,927

		7,023

		106,071

		31,049

		223,683



		1,100

		61,701

		319,118

		240,484

		255,893

		277,494

		32,494

		319,565

		5,963

		115,004

		32,678

		202,451



		1,200

		64,396

		314,315

		246,780

		234,437

		263,507

		28,756

		326,457

		5,119

		123,672

		33,791

		171,054



		1,500

		70,354

		296,828

		261,265

		183,945

		223,513

		22,186

		341,146

		3,001

		143,933

		35,123

		109,837



		2,000

		68,846

		246,315

		261,421

		132,089

		155,888

		19,335

		351,931

		1,539

		154,310

		36,462

		72,651



		3,000

		56,303

		153,774

		259,133

		73,814

		102,887

		20,563

		365,229

		154

		106,998

		41,599

		54,884



		5,000

		19,731

		79,456

		185,911

		28,076

		69,454

		19,786

		373,297

		0

		35,689

		30,924

		31,185



		6,000

		11,261

		65,346

		157,747

		21,965

		62,599

		18,668

		373,525

		0

		21,625

		23,526

		31,344



		7,000

		7,733

		54,310

		116,788

		17,849

		56,946

		18,123

		373,111

		0

		13,469

		13,985

		31,344



		8,000

		6,028

		46,404

		92,940

		14,344

		54,355

		16,964

		371,234

		0

		9,784

		9,834

		27,074



		9,000

		4,534

		40,600

		81,702

		11,438

		53,145

		15,861

		368,321

		0

		7,763

		9,207

		21,086



		10,000

		3,312

		36,778

		70,898

		9,418

		51,921

		14,828

		364,584

		0

		6,388

		9,782

		20,862
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[bookmark: _Toc457567681]Study Site 8 (Haltiwanger Island)

Study Site 8 consists of a pair of adjacent transects located near the upstream end of Haltiwanger Island, with one transect (8.1) located on the east side of the island and the second (8.2) on the west. Transect 8.1 is predominantly a riffle with a deeper run/thalweg along the east shore. Transect 8.2 is located in a steep riffle habitat and represents the smaller of the two channels. Hydraulic analyses indicate a 68:32 flow split between the east channel (Transect 8.2) and west channel (Transect 8.1), respectively, at the 400 cfs calibration flow; a 73:27 split at 2000 cfs; and 78:22 split at 6000 cfs. Habitat suitability at Transects 8.1 and 8.2 are combined below on Figures 4-9. Habitat suitability for the majority of target lifestages and guilds peaks at approximately 1,000 to 1,500 cfs at this site (Figure 4-9) (Table 4-7). American shad spawning reached an inflexion point at around 4,000 cfs and remained optimal throughout the remainder of the flow range. Adult smallmouth bass display a broad suitability, peaking at approximately 3,000 cfs and gradually decreasing with increased flow.
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[bookmark: _Toc458437744]Figure 49	Study Site 8 Habitat Suitability
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[bookmark: _Toc457566956]Table 47	Study Site 8 Habitat Suitability

		DISCHARGE

		SMB SPAWNING

		SMB JUVENILE

		SMB ADULT

		SMB FRY

		RB ADULT

		RB SPAWNING

		AS SPAWNING

		S-S GUILD

		S-F GUILD

		D-F GUILD

		D-S GUILD



		200

		3,720

		195,659

		46,839

		721,773

		356,086

		270,665

		314,815

		414,242

		24,760

		166

		149,560



		300

		11,454

		245,974

		75,439

		733,279

		429,842

		324,069

		380,288

		379,840

		32,086

		840

		192,595



		400

		26,831

		266,697

		91,273

		727,425

		482,042

		329,175

		407,905

		220,601

		41,293

		1,875

		232,315



		500

		41,634

		290,381

		115,972

		718,183

		528,262

		331,371

		437,285

		175,901

		48,963

		3,065

		275,507



		600

		56,489

		308,680

		141,045

		713,354

		561,905

		324,021

		461,329

		147,922

		55,300

		4,562

		314,469



		700

		68,856

		323,788

		162,671

		702,619

		584,088

		307,575

		481,975

		123,687

		64,177

		5,953

		345,334



		800

		80,862

		335,029

		184,653

		688,045

		601,579

		299,726

		499,479

		107,299

		70,081

		7,639

		367,988



		900

		92,719

		343,683

		203,627

		667,906

		615,229

		293,642

		515,893

		95,238

		77,859

		9,176

		384,954



		1,000

		104,570

		350,523

		221,233

		650,628

		622,795

		283,118

		530,301

		84,249

		83,585

		11,013

		398,347



		1,100

		115,183

		357,569

		234,509

		636,083

		626,048

		266,684

		543,988

		74,911

		90,937

		12,743

		408,175



		1,200

		123,807

		362,965

		248,852

		623,217

		627,310

		251,980

		555,727

		67,242

		96,478

		14,539

		407,006



		1,500

		148,669

		370,903

		284,722

		584,023

		615,528

		212,865

		585,840

		51,834

		113,087

		19,458

		426,396



		2,000

		197,141

		432,546

		291,377

		522,187

		446,052

		56,283

		650,328

		2,109

		148,437

		20,719

		221,524



		3,000

		246,679

		408,827

		431,772

		353,629

		370,186

		44,326

		714,931

		301

		177,672

		42,856

		146,301



		4,000

		239,700

		353,049

		454,498

		242,795

		246,036

		39,412

		741,146

		441

		209,400

		55,265

		24,704



		5,000

		213,386

		276,123

		445,163

		177,842

		160,272

		57,011

		753,718

		267

		215,992

		72,986

		561



		6,000

		165,147

		195,876

		380,246

		130,922

		101,113

		65,215

		758,374

		105

		217,047

		67,462

		0



		7,180

		140,433

		146,134

		366,469

		80,343

		83,555

		64,896

		773,326

		0

		194,347

		89,994

		0



		8,180

		111,113

		114,875

		320,858

		53,984

		70,642

		63,805

		777,900

		0

		176,258

		86,345

		0



		9,170

		87,961

		93,164

		281,520

		34,044

		63,590

		63,553

		781,042

		0

		153,515

		81,857

		0



		10,840

		49,805

		60,943

		233,230

		14,076

		60,365

		63,484

		791,919

		0

		68,001

		73,303

		0











[bookmark: _Toc457567682]Study Site 9 (Huffman Island)

This site is to be evaluated through the proposed flow demonstration only and will be described after the TWC field observations.

[bookmark: _Toc457567683]Study Site 10 (Bookman Island Complex)

Habitat suitability for velocity-intolerant lifestages such as shallow slow, and smallmouth bass fry peaked at 200 cfs and declined rapidly at higher flows due to increases in velocity (Figure 4-10). Redbreast sunfish spawning also declined at rising flows but at a gradual rate, inflecting downward at approximately 2,000 cfs. Smallmouth bass spawning and juvenile lifestages, adult redbreast sunfish, shallow-fast, and the deep fast guild, generally achieve the greatest suitability in a range between approximately 700 – 3,000 cfs before slowly declining in suitability at higher flows. Smallmouth bass adult exhibit a sharp peak of suitability at 3,000 cfs, but are generally in a plateau of relatively high suitability between 2,000-10,000 cfs. American shad spawning habitat suitability reaches an inflection point at approximately 1,200 cfs, gradually rises to an absolute peak at 4,000 cfs then gently declines at higher flows (Figure 4-10) (Table 4-8).
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[bookmark: _Toc458437745]Figure 410	Study Site 10 Habitat Suitability
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[bookmark: _Toc457566957]Table 48	Study Site 10 Habitat Suitability

		DISCHARGE

		SMB SPAWNING

		SMB JUVENILE

		SMB ADULT

		SMB FRY

		RB ADULT

		RB SPAWNING

		AS SPAWNING

		S-S GUILD

		S-F GUILD

		D-F GUILD

		D-S GUILD



		200

		15,928

		199,145

		102,985

		649,442

		364,539

		128,007

		254,591

		161,819

		58,679

		2,612

		276,504



		300

		26,186

		225,022

		131,339

		611,007

		401,820

		126,720

		295,234

		134,449

		73,244

		5,633

		316,376



		400

		34,282

		241,384

		153,838

		577,108

		423,349

		126,515

		323,861

		112,886

		82,985

		8,648

		340,069



		500

		41,427

		252,537

		176,506

		547,736

		439,415

		123,901

		348,047

		99,508

		89,424

		11,441

		361,310



		600

		46,541

		258,908

		194,749

		523,940

		450,035

		124,147

		366,965

		90,537

		91,205

		14,193

		374,690



		700

		50,821

		263,908

		211,866

		498,166

		456,214

		122,416

		383,823

		82,987

		91,627

		17,128

		385,859



		800

		54,551

		266,671

		226,999

		479,577

		460,611

		122,401

		398,192

		76,764

		90,558

		20,359

		395,625



		900

		56,569

		267,506

		240,853

		461,675

		462,315

		122,196

		410,855

		73,243

		88,219

		22,786

		402,553



		1,000

		58,310

		272,046

		252,029

		450,274

		465,506

		124,383

		424,207

		72,492

		82,685

		26,305

		406,112



		1,100

		59,200

		267,211

		265,624

		427,936

		462,794

		122,957

		433,210

		69,395

		83,046

		27,813

		407,510



		1,200

		59,811

		266,324

		275,994

		413,859

		462,037

		121,360

		441,486

		64,222

		80,362

		29,999

		407,904



		1,500

		61,016

		261,923

		303,244

		376,252

		459,447

		117,753

		463,727

		56,794

		72,480

		35,081

		406,762



		2,000

		60,862

		247,598

		337,330

		330,119

		447,210

		109,511

		489,611

		48,730

		60,597

		42,000

		405,001



		3,000

		57,409

		209,306

		515,726

		266,992

		422,641

		94,124

		515,726

		37,115

		45,073

		40,670

		399,108



		4,000

		54,035

		175,220

		389,520

		225,568

		398,166

		80,787

		524,367

		31,196

		34,947

		32,272

		390,995



		5,000

		49,866

		149,997

		393,487

		198,045

		376,055

		69,083

		523,905

		26,720

		27,544

		22,921

		387,064



		6,000

		45,643

		129,004

		391,164

		176,282

		359,215

		62,778

		519,506

		22,182

		22,432

		16,984

		387,711



		7,000

		42,583

		112,357

		387,016

		157,062

		336,321

		55,331

		512,876

		20,562

		18,775

		13,608

		382,017



		8,000

		40,152

		99,624

		381,099

		142,052

		315,493

		50,430

		505,625

		18,433

		16,008

		11,391

		374,653



		9,000

		38,147

		89,761

		372,981

		130,865

		296,073

		45,753

		498,147

		15,818

		14,138

		10,965

		367,839



		10,000

		37,224

		82,577

		364,316

		119,961

		276,451

		43,285

		490,768

		16,374

		12,723

		11,698

		365,756



		15,000

		28,938

		58,283

		326,924

		87,254

		205,152

		35,439

		460,335

		9,615

		6,631

		16,741

		300,232



		20,000

		26,610

		43,863

		286,761

		67,153

		152,602

		27,737

		438,390

		7,585

		5,804

		19,210

		242,391











[bookmark: _Toc457567684]Fish Passage Ledges

  SCDNR zone-of-passage criteria state that instream flow should be sufficient to provide a minimum 10 ft-wide passage point with a minimum depth of 1.5 ft. At Ledge 1 (IFIM Study Site 7). This criterion is met by a flow of 500 cfs, with the minimum 1.5 ft depth provided over a cross-sectional distance of approximately 85 ft at the primary passage point identified in the study plan (Figure 4-11). The secondary passage point at Ledge 1, which was identified during the field efforts, provides an additional passage point approximately 44 ft in width that also meets the minimum 1.5 ft depth criteria at 500 cfs (Figure 4-12). These results suggest that fish passage is not a limiting factor at this location for flows as low as 500 cfs.

At Ledge 2, field data demonstrate that the fish passage criterion is met at flows as lows as 700 cfs, with the minimum 1.5 ft depth provided over a cross-sectional distance of approximately 27 ft (Figure 4-13). These results indicate that Ledge 2, located just upstream of the Bookman Shoals complex, is the more limiting of the two study sites from both the navigational and fish passage perspectives.
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[bookmark: _Toc458437746]Figure 411	Bed Profile and Water Surface Elevations at the River Left Passage Point at Ledge 1 (upstream view)







[bookmark: _Toc458437747]Figure 412	Bed Profile and Water Surface Elevations at the mid-Channel Passage Point at Ledge 1 (upstream view)







[bookmark: _Toc458437748]Figure 413	Ledge 2 Bed Profile Showing Navigation Passage Area at 700 cfs (upstream view)









[bookmark: _Toc455145052][bookmark: _Toc455145555][bookmark: _Toc455144155][bookmark: _Toc455145053][bookmark: _Toc455145556][bookmark: _Toc457567685]Discussion

According to MESC (2001) “the basic WUA versus discharge relationships obtained in PHABSIM represent only instantaneous variation of physical habitat with flow and should not be interpreted in the absence of one or more alternative flow regimes for a particular study site”. The purpose of this discussion is to recommend how these data may help determine   suitable instream flow ranges for accommodating both aquatic habitat objectives and other instream uses. These data can then be integrated into additional analyses such as time series, and/or further dissection of results.

[bookmark: _Toc457567686]Prioritization of Species and Lifestages

In multiple species/lifestage assessments, WUA curves among target species and lifestages frequently peak and decline inharmoniously. Examples of such conflicting curves can be observed in this study. This makes it difficult to form recommendations that satisfy all biological goals (MESC 2001). A number of balancing techniques are commonly employed to resolve this type of issue; there is no single “right” or “wrong” approach. Most involve prioritizing particular species and lifestages either through time or space, or under different management priorities. Some possibilities include:

· delete species/lifestages that are not sensitive to habitat/flow changes;

· delete species/lifestages with redundant flow-WUA relationships;

· combine species in a post-modeling guilding such as cumulative multispecies curve;

· parse species and lifestages into monthly or seasonal time units that correspond to applicable seasonal habitat functions (e.g. spawning criteria are applied during March-May, etc., YOY criteria are applied June- October, etc.); and

· limiting lifestage. For species for which multiple lifestages are modeled, such as smallmouth bass, a particular lifestage may be determined to be the population bottleneck for recruitment to catchable sized fish. Giving habitat priority to the limiting or critical lifestage may relieve some conflicts and support the management for the species.




[bookmark: _Toc457567687]Prioritization and Balancing of River Reaches and Mesohabitats

The PHABSIM data contained in this report quantify the raw relationship between flow and aquatic habitat suitability in specific reaches of the Broad River, and are indices that can be applied to estimate the extent to which the existing project operation and alternatives may affect aquatic habitat suitability. Analysis of these data should be made in the context of watershed hydrology and the strategic needs of management of upstream reservoir fluctuations, water quality, recreation, and hydroelectric power generation. These data should be used in conjunction with specific hydrologic, operational and other models to evaluate the costs and benefits of providing alternate flows to the lower Broad River.

The study area is comprised of two independent study reaches, each with distinct geomorphic characteristics. Different mesohabitat types were modeled within each reach. WUA – flow relationships vary within each reach due to differences in hydraulics, stream slope and geometry, and in some cases because different guild criteria are applicable. The TWC will need to consider techniques for balancing and/or prioritizing these reaches.

Representative Habitat − WUA is an index calculated in units per 1,000 ft of similar stream reach. For reaches and mesohabitats shared by all species/lifestages, WUA results within each study site are commonly weighted and summed according to relative contributing reach length of each modeled mesohabitat type throughout the study area. The weighting information can be quantified directly from existing mesohabitat mapping measurements.

Critical Habitat − A particular reach, mesohabitat type or study site that may be a minority of the study area, but which is strategic because it is where a critical lifestage function (such as spawning) occurs is prioritized during the time of year it is required. Conversely, a reach, mesohabitat type or study site can be deleted from the analysis if no applicable species/lifestage-specific habitat function occurs there during a given time frame.





[bookmark: _Toc457567688]Conclusions

This IFIM study report will serve as the basis for TWC discussions regarding selection of a minimum flow for the Parr Project. The data contained in this report covers the life stages and transect areas that were identified as important by the TWC. After discussion and selection of a minimum flow(s), the TWC will schedule a field observation to observe the flow(s) at selected transect sites. These observations and recommendations from the TWC will be recorded and included in the creation of a protection, mitigation, or enhancement (PME) that will be evaluated as part of the Parr Project Operations Model. That Model will determine if the recommended flow(s) can be maintained in the new license without significant impact to the future project operations of the Parr and Fairfield Developments. 
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Robust Redhorse Spawning Memorandum
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TWC Scoping
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Mesohabitat Assessment memorandum
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Habitat Suitability Index (HSI) Curves
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Site Photographs





SMB spawning	46	100	200	250	300	350	395	450	500	1000	1880	2000	3593.04	12447	31419.47	40827.68	48502.82	52879.43	55111.92	57258.52	58895.62	65112.45	51434.21	49621.18	SMB juvenile	46	100	200	250	300	350	395	450	500	1000	1880	2000	69022.98	81000.41	100168.34	108056.6	113747.03	119193.17	123292.84	127004.91	128311.64	114327.2	58992	53321.26	SMB adult	46	100	200	250	300	350	395	450	500	1000	1880	2000	38106.82	55695.16	84144.3	94554.95	103268.12	109727.2	114101.91	118596.31	122176.62	135954.70000000001	131050.61	129253.88	SMB fry	46	100	200	250	300	350	395	450	500	1000	1880	2000	177587.11	173222.52	160052.31	155580.89000000001	150848.59	145157.17000000001	139182.91	131707.29999999999	124581.77	73147.63	33514.269999999997	31112.1	RB adult	46	100	200	250	300	350	395	450	500	1000	1880	2000	144464.85999999999	158541.54999999999	169059.36	171592.08	171812.25	168805.05	165331.39000000001	161105.41	157106.57999999999	105228.9	65590.45	63256.25	RB spawning	46	100	200	250	300	350	395	450	500	1000	1880	2000	73380.69	68520.460000000006	61375.95	58299.67	54404	49425.09	45289.79	40625.919999999998	37981.82	23688.6	16478.21	15800.49	AS spawning	46	100	200	250	300	350	395	450	500	1000	1880	2000	76694.720000000001	99675.38	123779.66	129619.48	135135.35999999999	140343.44	144651	149215.26999999999	152723.29999999999	171015.81	174298.3	173470.63	S-S guild	46	100	200	250	300	350	395	450	500	1000	1880	2000	49408.959999999999	33296.300000000003	15940.76	10970.6	7869.29	6473.49	5538.99	5166.28	4803.2299999999996	1388.49	252.07	244.91	S-F guild	46	100	200	250	300	350	395	450	500	1000	1880	2000	7627.98	16616.349999999999	26853.72	30255.279999999999	32231.13	34118.269999999997	35270.47	36469.089999999997	36497.300000000003	28524.04	21363.53	20642.63	D-F guild	46	100	200	250	300	350	395	450	500	1000	1880	2000	552.24	2083.27	5357.58	8135.78	11254.54	14886.37	18281.48	22624.16	26461.08	53676.28	70253.45	69943.3	D-S guild	46	100	200	250	300	350	395	450	500	1000	1880	2000	112749.66	131747.72	140813.06	144692.89000000001	150234.10999999999	154505.44	154341	144866.92000000001	135481.09	68823.490000000005	26080.21	24832.86	Total Area	46	100	200	250	300	350	395	450	500	1000	1880	2000	233362.69	240111.2	245002.56	246717.33	248324.84	249848.33	251160.73	252701.31	254050.41	263730.88	273253.88	274280.59000000003	Discharge (CFS)



WUA







SMB spawning	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	22009.79	39568.31	49955.72	60443.63	84153.2	144210.57999999999	187127.59	209620.67	227651.23	223911.14	218970.8	182696.09	132698.22	95391.15	73583.12	53598.49	SMB juvenile	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	35894.550000000003	53023.27	59397.74	63597.85	69445.19	75020.45	74360.92	70340.2	62505.39	48562.33	43562.55	30253.67	17227.72	10301.84	7407.91	6029.73	SMB adult	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	3245.4	8842.36	12657.47	17079.189999999999	27449.89	55232.82	80721.759999999995	97638.38	114690.88	123771.13	127623.25	120542.91	103264.21	83732.91	66396.45	48860.44	SMB fry	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	246534.05	247519.02	243919.3	241241.47	235249.27	197684.61	164360.42000000001	143294.98000000001	118562.13	85089.48	72425.84	42780.61	22906.5	13665.39	9506.0499999999993	7855.96	RB adult	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	44190	63111.27	70589.61	75583.22	84729.77	99134.91	102196.32	97871.54	87844.72	71327.710000000006	67801.83	57363.06	47725.99	42410.22	40399.82	38009.89	RB spawning	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	56194.29	64008.83	61534.93	54780.55	52278.99	52158.879999999997	47588.34	46020.68	42077.07	47631.51	45587.21	39697.120000000003	35345.769999999997	30183.01	25128.560000000001	20758.04	AS spawning	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	120631.6	153920.06	167976.03	180320.53	202960.33	240799.81	263651.53000000003	275126.21999999997	286317.15999999997	294033.65999999997	294550.06	290129.15999999997	279050.96999999997	266166.78000000003	250501.34	238542.22	S-S guild	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	20227.490000000002	14300.99	9856.5300000000007	15779.49	7677.8	8455.67	5165.37	4908.3	4346.24	2161.9499999999998	2558.91	1686.45	1440.12	1483.14	1183.72	721.48	S-F guild	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	66201.16	83824.3	91011.88	97019.83	102671.48	101509.75999999999	91958.54	83740.740000000005	73348.69	56730.43	49659.54	33070.370000000003	19201.91	10705.67	5364.46	2514.6799999999998	D-F guild	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	0	0	0	0	17.73	2683.04	13389.06	30195.97	64709.18	129718.5	166429.70000000001	232128.42	244475.3	196149.8	128194.96	69828.61	D-S guild	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	6154.64	11463.99	14970.41	18556.900000000001	26423.919999999998	30819.74	33976.14	36570.14	36519.82	27236.59	23276.639999999999	15725.09	13083.74	9249.41	6274.88	5693.15	Total Area	200	300	350	400	500	750	1000	1200	1500	2000	2250	3000	4000	5000	6000	7000	329934.06	362310.09	373971.72	390595.53	398816.31	416221.66	420960.34	423362.09	426566.13	430124.94	431886.22	434897.19	438199.78	441029.31	443918.66	445791.19	Discharge (CFS)



WUA







Bed Elevation	1.4	5	11	15	20	25	30	35	40	45	49	51	55	60	65	75	85	90	95	100	105	107	110	115	120	125	130	135	140	145	150	155	160	165	170	175	178	180	185	190	195	200	205	210	215	220	225	230	235	240	245	250	255	260	265	270	275	280	285	290	295	300	305	310	315	317.39999999999998	219.70000000000002	219.74	218.41	216.89000000000001	216.51000000000002	216.81	216.93	216.29000000000002	215.41	214.88	215.39000000000001	215.94	215.75	215.41	215.65	215.43	215.19	215.59	215.31	214.79000000000002	214.67000000000002	213.82000000000002	213.94	214.42000000000002	214.51000000000002	214.26000000000002	214.31	214.11	214.09	214.93	214	213.52	213.43	213.12	213.19	213.29000000000002	214.56	214.02	212.62	212.62	212.63	212.08	212.09	212.57	212.89000000000001	213.47	212.85000000000002	212.78	212.65	212.71	212.91	213.28	213.52	213.73000000000002	213.99	214.08	214.16	214.18	213.99	213.79000000000002	214.12	213.97	212.71	213.39000000000001	215.8	218.18	WSEL 400 cfs	1.4	5	11	15	20	25	30	35	40	45	49	51	55	60	65	75	85	90	95	100	105	107	110	115	120	125	130	135	140	145	150	155	160	165	170	175	178	180	185	190	195	200	205	210	215	220	225	230	235	240	245	250	255	260	265	270	275	280	285	290	295	300	305	310	315	317.39999999999998	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	214	WSEL 2000 cfs	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	215.29	WSEL 6000 cfs	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	217	Elevation (ft)

Wetted Perimeter



400	2000	6000	123	210	300	Discharge (CFS)
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SMB spawning	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	28083.32	34275.910000000003	36048.74	38477.86	50493.03	52305.15	44978.66	34034.51	17113.150000000001	10080.24	6758.86	4938.4799999999996	2438.59	3049.3	2212.7800000000002	1615.01	SMB juvenile	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	53848.21	49561.47	38556.03	39270.81	32786.699999999997	24912.52	19997.669999999998	15936.03	14441.24	12384.88	10155.77	8314.82	5210.6899999999996	5526.2	4003.62	2883.22	SMB adult	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	56543.21	64142.07	66756.23	68493.73	88992.8	89452.19	88413.2	82208.59	80148.13	74277.09	68334.47	62529.68	56984.21	53526.25	42667.76	34807.46	SMB fry	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	86799.87	67986.7	45720.99	42612.52	29281.89	16229.48	6583.82	6410	3840.28	3483.39	3235.43	3046.14	2667.32	2802.32	2603.87	2755.25	RB adult	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	136976.91	132491.10999999999	133190.31	124819.47	131661.09	115085.15	86779.58	67784.59	54642.83	47299.68	42455.35	39278.71	35760.29	35984.68	34497.35	33854.629999999997	RB spawning	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	52054.77	40996.800000000003	39196.9	36520.129999999997	27682.43	22847.4	18717.39	20044.7	11661.52	14517.07	14153.7	13929.45	14308.72	14020.46	14560.51	15872.72	AS spawning	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	68051.23	71047.16	69046.73	72001.41	79632.36	77843.399999999994	72279.45	75733.8	61197.34	57061.97	53573.08	51133.93	47393.279999999999	48334.38	47418.63	47274.64	S-S guild	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	7018.29	6159.67	6513.58	6032.4	2689.23	2779.19	2148.96	2153.1	4216.3500000000004	4976.32	4420.6400000000003	3144.03	2098.2399999999998	1890.45	2263.0100000000002	2689.55	S-F guild	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	6341.71	6572.38	5080.7700000000004	6392.92	4301.83	3779.89	2074.59	2554.5100000000002	90.67	0	0	0	0	0	0	0	D-F guild	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	7118.74	17363	29183.07	32730.34	43541.47	41495.06	23582.66	27584.84	1332.82	0	0	0	0	0	0	0	D-S guild	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	136092.28	131583.31	129485.45	116099.23	125504.65	103544.02	75763.34	52131.040000000001	52593.8	50984.01	50414.7	49753.3	50662.96	48825.26	50155.44	50047.46	Total Area	200	300	400	500	750	1000	1500	2000	2500	3000	3500	4000	4900	5000	6000	7500	275456.34000000003	280870.34000000003	288624.90999999997	288497.46999999997	292910.71999999997	295208.44	299349.40999999997	298539.65999999997	304266.40999999997	306171.31	307843.46999999997	309353.06	313482	311988.21999999997	314259.94	317191.13	Discharge (CFS)
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SMB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	26584.959999999999	42637.46	61905.82	72729.62	85471	98310.45	111493.61	123594.58	134345.03	143612.64000000001	151614.63	195307.95	202531.34	217358.31	200809.8	175702.72	174225.64	146633.31	121113.33	96921.13	74082.13	55106.2	20243.78	SMB juvenile	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	84856.55	110798.47	137726.94	146876.26999999999	156885.72	163507.60999999999	168086.19	170807.03	171662.92	171112.38	168556.41	171373.34	150004.51999999999	97067.11	54266.22	34291.15	33444.660000000003	25184.76	20946.13	18086.96	15851.39	14152.7	7050.06	SMB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	24118.11	45260.19	76246.880000000005	89525.85	112313.41	135067.53	157142.28	176480.2	194369.52	210819.58	225268.16	268572.15999999997	268769.5	293224.88	275049.96999999997	266942.90999999997	255325.97	232790.47	212332.16	192958.58	174016.11	157095.28	100383.67	SMB fry	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	285436.84000000003	306221.56	319394.25	305487.56	294903	281733.65999999997	270553.88	261320.28	252830.63	244155.14	235503.3	205111.31	157825.16	87967.19	49201.120000000003	22599.54	26829.09	14773.59	8898.3700000000008	6637.49	5769.54	5083.26	2151.5100000000002	RB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	114114.53	160968.07999999999	230409.63	236881.7	265946.56	290580.71999999997	310409	323789.71999999997	332639.40999999997	337881.94	340255.22	337242.75	258830.66	232410.42	182415.66	165653	147997.23000000001	122887.67	103097.73	85223.47	68823.91	55985.65	22932.83	RB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	113475.16	133234.48000000001	181636.7	169259.41	167380.5	179291.66	178461.5	169242.31	162698.57999999999	155420.89000000001	146664.32999999999	125676.7	84461.1	48187.48	32378.959999999999	20186.89	21491.37	14915	10255.68	7271.07	5034.7	3256.74	1459.87	AS spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	131576.95000000001	165137.45000000001	198199.41	213161.66	230433.95	244294.03	255181.81	263953.31	271192.09000000003	276774.78000000003	281594.59000000003	301792.28000000003	309581.59000000003	296948.56	280009	251537.16	262462.13	244480.63	227280.5	211217.7	197429.78	186297.05	158756.39000000001	S-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	119617.05	106635.3	77266.25	57169.16	44330.82	37513.82	28297.39	22044.45	16104.99	13911.77	13617.65	8595.93	4537.5200000000004	942.22	203.76	0	0	0	0	0	0	0	0	S-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	27340.19	30426.5	26471.09	31180.93	31617.32	31491.43	30599.54	29572.87	28176.05	26918.51	25487.83	24978.7	27685.14	14045.28	8629.0300000000007	3575.18	4891.12	2731.83	1686.5	1054.8399999999999	836.07	882.8	863.05	D-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	0	0	2863.74	5417.27	10953.55	16941.13	23182.89	30633.71	39037.08	47746.5	54829.5	86147.24	101721.89	163477.19	146234.59	90325.56	109749.88	72429.73	40786.15	18319.009999999998	7838.32	3320.96	7059.29	D-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	49473.79	79497.45	136778.81	128919.71	152719.63	176107.25	197805.69	209829.69	226851.92	244468.88	253983.89	264660.56	158616.78	145055.59	99246.59	84096.95	71327.460000000006	43377.96	32281.95	29606.5	26329.45	20374.82	7833.98	Total Area	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	4900	5000	6000	7000	8000	9000	10000	15000	482972.22	530966.81000000006	559442.63	565286.75	570516.88	571621.18999999994	575331.63	580391.18999999994	584258.18999999994	589116.75	593155.88	594812.75	595430.75	598317.75	599742.38	601549.13	600958.81000000006	602033.88	602999.18999999994	603885.13	604702.06000000006	605461.63	607930.06000000006	Discharge (CFS)
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SMB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	4778.3599999999997	12942.47	22120.71	34302.410000000003	41500.46	47677.87	51974.66	55638.02	58835.61	61701.43	64395.69	70353.75	68846.45	56302.78	19730.87	11261.16	7732.62	6027.73	4534.0200000000004	3311.99	SMB juvenile	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	185058.66	227495.45	257380.78	284853.65999999997	301292.19	312856.78000000003	319567.5	322797.69	321938.59000000003	319118	314315.25	296828.46999999997	246315.22	153774.29999999999	79455.64	65345.51	54309.54	46404.480000000003	40599.99	36778.36	SMB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	106819	131731.07999999999	154708.34	181096.27	195795.31	206639.03	216098.09	225064.5	233256.92	240483.8	246779.95	261264.98	261420.98	259133.17	185910.8	157746.94	116788.07	92939.65	81701.7	70897.87	SMB fry	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	341484.25	337536.56	331938.40999999997	340459.03	333108.75	319872.21999999997	306876.44	293087.75	275941	255892.83	234437.13	183945.11	132088.64000000001	73814.320000000007	28075.64	21964.83	17849.150000000001	14344.21	11438.3	9418.16	RB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	261524.56	290739.21999999997	310814.84000000003	329122.96999999997	332707.06	330989.94	323037.88	309499.56	293562.15999999997	277493.75	263506.81	223513.08	155888.20000000001	102886.66	69454.23	62598.86	56946.13	54354.91	53145.29	51921.120000000003	RB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	79633.78	81167.56	75470.990000000005	79053.45	75154.11	69882.97	59448.33	48517.27	39499.379999999997	32493.5	28756.46	22186.42	19334.8	20562.52	19785.73	18668.05	18123	16963.689999999999	15860.88	14827.56	AS spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	190038.7	217716.34	238469.81	257465.22	270953.19	283122.53000000003	293809.13	303336.46999999997	311926.65999999997	319565.19	326457.38	341146.47	351930.63	365228.91	373297.09	373524.84	373111.41	371234.25	368320.72	364583.97	S-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	122349.03	79969.31	64989.27	31947.39	18056	13759.05	10046.66	8054.25	7023.35	5962.68	5118.9799999999996	3001.17	1538.69	154.36000000000001	0	0	0	0	0	0	S-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	28369.599999999999	41312.120000000003	54352.74	54072.71	65422.46	76078.73	86486.34	96392.05	106070.96	115003.65	123672.3	143932.70000000001	154310.39000000001	106998.45	35689.480000000003	21624.95	13468.93	9784.07	7763.42	6388.21	D-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	2170.02	4747.08	7648.34	15930.88	20536.27	24832.01	27215.37	29134.53	31049.29	32678.05	33790.85	35122.58	36462.199999999997	41598.61	30924.47	23526.29	13984.93	9833.61	9207.14	9782.25	D-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	190545.89	208321.13	222996.16	247403.67	258755.73	251727.61	240446.38	236608.8	223683.03	202451.16	171054.07999999999	109837.45	72650.97	54884.33	31184.58	31344.46	31344.46	27073.51	21086.29	20861.740000000002	Total Area	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	5000	6000	7000	8000	9000	10000	536383.75	548271.43999999994	566161.18999999994	568891.18999999994	571677.31000000006	572332.25	572485.63	572624	572753.06000000006	572870.5	572979.25	573272.38	573535.06000000006	574311.75	575291.75	575891.68999999994	576128.06000000006	576532.88	576934.5	577339.38	Discharge (CFS)
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SMB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	3720.04	11453.78	26830.799999999999	41634.1	56488.53	68856.040000000008	80861.929999999993	92718.8	104570.4	115183.03999999999	123806.67	148669.22	197141.44	246678.87000000002	239700.06	213386.2	165146.84	140433.37	111113.03	87961.26999999999	49805.23	SMB juvenile	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	195658.52000000002	245974.32	266696.69	290380.83999999997	308680.27	323788.19	335029.02	343683.39	350522.86	357569.48	362965.42	370902.93	432545.97	408826.68	353048.68	276122.99	195876.09	146134.14000000001	114874.5	93163.89	60943.45	SMB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	46838.84	75439.009999999995	91273.150000000009	115971.61	141044.67000000001	162670.82999999999	184652.55000000002	203626.83000000002	221233.22	234508.74	248851.71	284721.74	291376.81	431771.72000000003	454497.75	445162.76	380246	366469.45	320857.96000000002	281519.58	233229.90000000002	SMB fry	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	721772.69	733279.34000000008	727424.69	718183.37	713353.65999999992	702618.59000000008	688045.28	667905.56000000006	650628.25	636082.90999999992	623216.81000000006	584023.47	522187.06	353629.42000000004	242795.08000000002	177841.76	130921.70999999999	80343.44	53984.41	34043.659999999996	14076.22	RB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	356085.92000000004	429841.76	482041.69000000006	528262.29	561905.01	584088.07999999996	601578.80999999994	615229.15	622795.01	626047.71	627309.61	615528.43000000005	446051.64	370185.52999999997	246036.21000000002	160272.13	101113.48999999999	83554.76999999999	70642.429999999993	63589.659999999996	60364.78	RB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	270665.03000000003	324069.14	329175.36	331371.11	324020.68	307575.16000000003	299725.64	293641.93	283117.79000000004	266683.77	251979.73	212864.9	56283.290000000008	44326.43	39412	57010.89	65214.64	64895.759999999995	63805.24	63552.840000000004	63483.71	AS spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	314815	380288.29000000004	407905.24	437285.19	461329.24	481975.32	499478.97000000003	515892.97	530301.33000000007	543988.19999999995	555726.57999999996	585840.29	650327.77	714930.5	741145.63	753717.55	758374.33	773326.4	777899.72	781041.62999999989	791918.62999999989	S-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	414241.95	379839.70999999996	220601.06	175900.72999999998	147921.60999999999	123687	107299.15	95237.67	84248.72	74911.16	67242.460000000006	51833.62	2108.98	301.33	441.06	266.83999999999997	105.19	0	0	0	0	S-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	24760.43	32085.55	41292.78	48962.73	55299.76	64176.76	70081.19	77859.03	83585.14	90937.42	96478.38	113087.09999999999	148436.94	177671.51	209400.22	215992.47999999998	217047.03	194346.79	176258.47	153515.08000000002	68000.94	D-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	165.89	840.07	1874.52	3065.19	4562.1499999999996	5953.27	7639.49	9175.69	11012.5	12742.95	14539.17	19458.150000000001	20718.990000000002	42855.839999999997	55265.149999999994	72986.14	67462.099999999991	89994.240000000005	86345.49	81856.66	73302.899999999994	D-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	149559.61000000002	192595.13	232314.76	275506.91000000003	314469.05999999994	345334.38	367988.47999999998	384953.9	398346.80000000005	408174.62	407006.35000000003	426396.29	221524.25	146301.48000000001	24703.9	560.6	0	0	0	0	0	Total Area	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7180	8180	9170	10840	1212516.6299999999	1229505.1600000001	1234832.8499999999	1248062.1299999999	1250561.4099999999	1251688.1299999999	1252630.3799999999	1253564.4099999999	1254337	1255134.94	1255440.1299999999	1256188.22	1256456.4099999999	1263572.56	1263925.1299999999	1264196.69	1264371.3400000001	1264818.8799999999	1264993.19	1265143.03	1265765	Discharge (CFS)
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SMB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	15927.7	26185.5	34281.699999999997	41426.5	46541.1	50820.6	54551	56569.4	58309.8	59199.6	59811.199999999997	61016	60861.599999999999	57408.6	54035.1	49866.1	45642.6	42582.6	40152.400000000001	38147.199999999997	37223.599999999999	28937.599999999999	26609.599999999999	SMB juvenile	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	199145.2	225021.8	241383.5	252537.3	258908.3	263908.2	266670.90000000002	267505.8	272046	267210.59999999998	266324.40000000002	261923.1	247597.7	209306.3	175220.2	149996.9	129004.2	112356.7	99623.8	89760.5	82576.5	58283.199999999997	43863.1	SMB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	102984.6	131339	153838.20000000001	176506	194749.3	211865.7	226999.4	240853.3	252029.4	265624.09999999998	275994.09999999998	303243.90000000002	337330	515726	389519.6	393486.7	391164.1	387015.8	381098.5	372980.6	364315.7	326924	286761.09999999998	SMB fry	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	649442	611006.5	577107.69999999995	547736.19999999995	523940.3	498165.8	479576.6	461675.2	450273.5	427935.9	413859.3	376251.5	330119.09999999998	266992.09999999998	225567.7	198044.5	176281.7	157061.5	142051.70000000001	130865.1	119960.9	87253.6	67152.5	RB adult	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	364539.1	401819.5	423348.5	439414.7	450035.4	456213.9	460611.1	462315	465505.8	462793.5	462037.1	459446.9	447210.4	422641.4	398166.2	376054.7	359215.3	336321.3	315493.2	296073.40000000002	276450.90000000002	205152.3	152602.1	RB spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	128007.4	126720.2	126515	123901.1	124147.4	122416.1	122401.2	122196.2	124382.8	122956.9	121359.8	117752.9	109511.2	94124.3	80786.8	69082.600000000006	62778	55331.3	50429.7	45753	43284.7	35438.5	27736.7	AS spawning	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	254591	295233.59999999998	323861	348046.5	366965.2	383822.7	398191.8	410855.4	424207.4	433210.2	441486	463726.5	489610.6	515726.1	524366.6	523905	519506.4	512875.7	505625	498147.3	490767.5	460334.9	438390.1	S-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	161819	134448.5	112885.7	99507.8	90537.4	82986.7	76763.7	73243	72492.2	69395.399999999994	64221.8	56794.3	48730	37115.4	31195.9	26720.400000000001	22181.7	20562.3	18433.400000000001	15817.6	16374.1	9615.4	7584.7	S-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	58678.9	73243.8	82985	89423.6	91204.9	91627	90557.9	88219.4	82685.399999999994	83046.100000000006	80362.100000000006	72479.8	60596.6	45072.6	34946.699999999997	27544	22431.599999999999	18774.8	16008.1	14137.5	12723	6631.2	5803.9	D-F guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	2611.9	5632.9	8648.2999999999993	11440.6	14193	17127.599999999999	20359	22785.9	26305	27813	29998.9	35081.199999999997	42000	40669.599999999999	32271.8	22921.1	16984.2	13608.4	11390.9	10964.9	11698.2	16740.599999999999	19209.900000000001	D-S guild	200	300	400	500	600	700	800	900	1000	1100	1200	1500	2000	3000	4000	5000	6000	7000	8000	9000	10000	15000	20000	276503.90000000002	316375.90000000002	340068.5	361310.4	374690.3	385859.1	395625.3	402552.8	406111.9	407510.1	407903.6	406762.2	405001.1	399107.5	390994.8	387063.7	387710.8	382016.8	374652.6	367839.3	365755.6	300232.3	242391.2	Discharge (CFS)



WUA







1.5 ft depth @ 500 cfs	0	3.5879270931758529	5.3858050032808391	7.519546988188976	8.8260132841207355	10.960856492782153	14.186683448162732	16.844261879921259	20.042095124671913	23.126079865485565	26.240603723753281	29.205487073490815	32.127249143700787	35.405378884514434	39.353195606955381	42.609758966535431	45.545014419291341	48.308060465879265	50.559481975065616	53.103178057742781	55.645918585957993	58.319941601049855	60.769994251968491	63.640983080708665	65.8825916207349	67.62077093503936	69.693565577427805	72.242405390419933	74.339234780183716	76.563286538713896	78.513642736220461	80.716817217847762	83.006458513779521	85.087923480971114	87.395975003280824	89.239243487532804	91.548216213910763	94.010530629921263	96.623663005249341	98.83724337926509	100.93290310367455	103.2235436843832	105.03585780839894	107.29985345800523	109.52796685695536	112.24073569225722	115.35684482939632	118.9851981167979	122.93972379593174	124.85777859908137	126.8068985465879	128.80925998031495	131.22464025918634	133.92023568569553	135.99969433727034	137.74482453083991	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	0	3.5879270931758529	5.3858050032808391	7.519546988188976	8.8260132841207355	10.960856492782153	14.186683448162732	16.844261879921259	20.042095124671913	23.126079865485565	26.240603723753281	29.205487073490815	32.127249143700787	35.405378884514434	39.353195606955381	42.609758966535431	45.545014419291341	48.308060465879265	50.559481975065616	53.103178057742781	55.645918585957993	58.319941601049855	60.769994251968491	63.640983080708665	65.8825916207349	67.62077093503936	69.693565577427805	72.242405390419933	74.339234780183716	76.563286538713896	78.513642736220461	80.716817217847762	83.006458513779521	85.087923480971114	87.395975003280824	89.239243487532804	91.548216213910763	94.010530629921263	96.623663005249341	98.83724337926509	100.93290310367455	103.2235436843832	105.03585780839894	107.29985345800523	109.52796685695536	112.24073569225722	115.35684482939632	118.9851981167979	122.93972379593174	124.85777859908137	126.8068985465879	128.80925998031495	131.22464025918634	133.92023568569553	135.99969433727034	137.74482453083991	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	Elevation (ft)	0	3.5879270931758529	5.3858050032808391	7.519546988188976	8.8260132841207355	10.960856492782153	14.186683448162732	16.844261879921259	20.042095124671913	23.126079865485565	26.240603723753281	29.205487073490815	32.127249143700787	35.405378884514434	39.353195606955381	42.609758966535431	45.545014419291341	48.308060465879265	50.559481975065616	53.103178057742781	55.645918585957993	58.319941601049855	60.769994251968491	63.640983080708665	65.8825916207349	67.62077093503936	69.693565577427805	72.242405390419933	74.339234780183716	76.563286538713896	78.513642736220461	80.716817217847762	83.006458513779521	85.087923480971114	87.395975003280824	89.239243487532804	91.548216213910763	94.010530629921263	96.623663005249341	98.83724337926509	100.93290310367455	103.2235436843832	105.03585780839894	107.29985345800523	109.52796685695536	112.24073569225722	115.35684482939632	118.9851981167979	122.93972379593174	124.85777859908137	126.8068985465879	128.80925998031495	131.22464025918634	133.92023568569553	135.99969433727034	137.74482453083991	207.70341207349082	207.16207349081364	206.56824146981629	206.04986876640419	205.71850393700788	205.34120734908137	204.9737532808399	204.750656167979	204.41601049868765	204.48162729658793	204.47834645669292	204.43241469816272	204.36023622047244	204.33070866141733	205.16076115485563	205.73162729658793	206.14829396325459	206.28280839895012	206.31889763779529	206.25328083989501	206.1778215223097	206.0728346456693	206.000656167979	205.92519685039369	205.83661417322836	205.78412073490813	205.74475065616798	205.73490813648294	205.75459317585302	205.79724409448818	205.80052493438319	205.83661417322836	205.9284776902887	205.91863517060366	205.89895013123359	205.83661417322836	205.74475065616798	205.63976377952756	205.56430446194227	205.52493438320209	205.47900262467192	205.41666666666666	205.34120734908137	205.28215223097112	205.26902887139107	205.29855643044618	205.4002624671916	205.64632545931758	206.12204724409449	206.42388451443568	206.40748031496062	206.38123359580052	206.38123359580052	206.43700787401573	206.46325459317586	206.38779527559055	500 cfs WSEL	0	3.5879270931758529	5.3858050032808391	7.519546988188976	8.8260132841207355	10.960856492782153	14.186683448162732	16.844261879921259	20.042095124671913	23.126079865485565	26.240603723753281	29.205487073490815	32.127249143700787	35.405378884514434	39.353195606955381	42.609758966535431	45.545014419291341	48.308060465879265	50.559481975065616	53.103178057742781	55.645918585957993	58.319941601049855	60.769994251968491	63.640983080708665	65.8825916207349	67.62077093503936	69.693565577427805	72.242405390419933	74.339234780183716	76.563286538713896	78.513642736220461	80.716817217847762	83.006458513779521	85.087923480971114	87.395975003280824	89.239243487532804	91.548216213910763	94.010530629921263	96.623663005249341	98.83724337926509	100.93290310367455	103.2235436843832	105.03585780839894	107.29985345800523	109.52796685695536	112.24073569225722	115.35684482939632	118.9851981167979	122.93972379593174	124.85777859908137	126.8068985465879	128.80925998031495	131.22464025918634	133.92023568569553	135.99969433727034	137.74482453083991	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	700 cfs WSEL	0	3.5879270931758529	5.3858050032808391	7.519546988188976	8.8260132841207355	10.960856492782153	14.186683448162732	16.844261879921259	20.042095124671913	23.126079865485565	26.240603723753281	29.205487073490815	32.127249143700787	35.405378884514434	39.353195606955381	42.609758966535431	45.545014419291341	48.308060465879265	50.559481975065616	53.103178057742781	55.645918585957993	58.319941601049855	60.769994251968491	63.640983080708665	65.8825916207349	67.62077093503936	69.693565577427805	72.242405390419933	74.339234780183716	76.563286538713896	78.513642736220461	80.716817217847762	83.006458513779521	85.087923480971114	87.395975003280824	89.239243487532804	91.548216213910763	94.010530629921263	96.623663005249341	98.83724337926509	100.93290310367455	103.2235436843832	105.03585780839894	107.29985345800523	109.52796685695536	112.24073569225722	115.35684482939632	118.9851981167979	122.93972379593174	124.85777859908137	126.8068985465879	128.80925998031495	131.22464025918634	133.92023568569553	135.99969433727034	137.74482453083991	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	1000 cfs WSEL	0	3.5879270931758529	5.3858050032808391	7.519546988188976	8.8260132841207355	10.960856492782153	14.186683448162732	16.844261879921259	20.042095124671913	23.126079865485565	26.240603723753281	29.205487073490815	32.127249143700787	35.405378884514434	39.353195606955381	42.609758966535431	45.545014419291341	48.308060465879265	50.559481975065616	53.103178057742781	55.645918585957993	58.319941601049855	60.769994251968491	63.640983080708665	65.8825916207349	67.62077093503936	69.693565577427805	72.242405390419933	74.339234780183716	76.563286538713896	78.513642736220461	80.716817217847762	83.006458513779521	85.087923480971114	87.395975003280824	89.239243487532804	91.548216213910763	94.010530629921263	96.623663005249341	98.83724337926509	100.93290310367455	103.2235436843832	105.03585780839894	107.29985345800523	109.52796685695536	112.24073569225722	115.35684482939632	118.9851981167979	122.93972379593174	124.85777859908137	126.8068985465879	128.80925998031495	131.22464025918634	133.92023568569553	135.99969433727034	137.74482453083991	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	Cross-Sectional Distance (ft)





Elevation (ft)









1.5 ft depth @ 500 cfs	0	2.6020865748031499	6.0039817421259842	8.7128552362204719	9.1296356824146976	12.025692099737533	14.490630147637795	17.245085711942256	19.957948024934382	22.118751249999999	24.421889311023623	26.637871847112862	28.795214557086609	31.857984717847764	34.529155022965874	40.457473661417318	42.075776000656163	43.938900501968497	45.587081223753273	47.566461991469808	49.250890853018362	50.959641282808391	52.634202053805765	54.58506904855642	56.230874284776895	57.947264261811014	59.569157841207343	61.096414186351694	62.880157444225709	64.464471597769005	66.140917253936991	67.798296581364809	69.149767683727021	70.696172732939601	72.334776056430414	73.923307440944853	75.741311030183695	77.550846371391046	78.912718070866106	80.43354644028868	81.867373398950107	83.522575856299184	85.052789550524892	86.814124727690242	88.228241853674504	89.915357043963212	91.03073076443566	92.282964261810989	93.707498484251929	94.938425410104941	96.07719326443565	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	(-1.5) ft depth @ 500	0	2.6020865748031499	6.0039817421259842	8.7128552362204719	9.1296356824146976	12.025692099737533	14.490630147637795	17.245085711942256	19.957948024934382	22.118751249999999	24.421889311023623	26.637871847112862	28.795214557086609	31.857984717847764	34.529155022965874	40.457473661417318	42.075776000656163	43.938900501968497	45.587081223753273	47.566461991469808	49.250890853018362	50.959641282808391	52.634202053805765	54.58506904855642	56.230874284776895	57.947264261811014	59.569157841207343	61.096414186351694	62.880157444225709	64.464471597769005	66.140917253936991	67.798296581364809	69.149767683727021	70.696172732939601	72.334776056430414	73.923307440944853	75.741311030183695	77.550846371391046	78.912718070866106	80.43354644028868	81.867373398950107	83.522575856299184	85.052789550524892	86.814124727690242	88.228241853674504	89.915357043963212	91.03073076443566	92.282964261810989	93.707498484251929	94.938425410104941	96.07719326443565	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	205.899787162	Elevation (ft)	0	2.6020865748031499	6.0039817421259842	8.7128552362204719	9.1296356824146976	12.025692099737533	14.490630147637795	17.245085711942256	19.957948024934382	22.118751249999999	24.421889311023623	26.637871847112862	28.795214557086609	31.857984717847764	34.529155022965874	40.457473661417318	42.075776000656163	43.938900501968497	45.587081223753273	47.566461991469808	49.250890853018362	50.959641282808391	52.634202053805765	54.58506904855642	56.230874284776895	57.947264261811014	59.569157841207343	61.096414186351694	62.880157444225709	64.464471597769005	66.140917253936991	67.798296581364809	69.149767683727021	70.696172732939601	72.334776056430414	73.923307440944853	75.741311030183695	77.550846371391046	78.912718070866106	80.43354644028868	81.867373398950107	83.522575856299184	85.052789550524892	86.814124727690242	88.228241853674504	89.915357043963212	91.03073076443566	92.282964261810989	93.707498484251929	94.938425410104941	96.07719326443565	207.43110236220471	206.97834645669292	206.48950131233596	206.02034120734908	205.61023622047244	205.34448818897638	205.38057742782152	205.38385826771653	205.63648293963254	205.79068241469815	205.69553805774279	205.77427821522309	205.8038057742782	205.82677165354332	205.88582677165354	205.97112860892389	205.87926509186352	205.71522309711287	205.62335958005249	205.56758530183728	205.50524934383202	205.45275590551182	205.43307086614172	205.46587926509187	205.52165354330708	205.63976377952756	205.78083989501312	205.98425196850394	206.11220472440945	206.09580052493439	206.07611548556432	206.0531496062992	206.08267716535434	206.10564304461943	206.28280839895012	206.44356955380579	206.42388451443568	206.17454068241469	206.08923884514437	206.1253280839895	206.17125984251967	206.21391076115486	206.2762467191601	206.34514435695539	206.38123359580052	206.24343832020998	205.96456692913387	206.01377952755905	205.69553805774279	205.36417322834646	206.24343832020998	500 cfs WSEL	0	2.6020865748031499	6.0039817421259842	8.7128552362204719	9.1296356824146976	12.025692099737533	14.490630147637795	17.245085711942256	19.957948024934382	22.118751249999999	24.421889311023623	26.637871847112862	28.795214557086609	31.857984717847764	34.529155022965874	40.457473661417318	42.075776000656163	43.938900501968497	45.587081223753273	47.566461991469808	49.250890853018362	50.959641282808391	52.634202053805765	54.58506904855642	56.230874284776895	57.947264261811014	59.569157841207343	61.096414186351694	62.880157444225709	64.464471597769005	66.140917253936991	67.798296581364809	69.149767683727021	70.696172732939601	72.334776056430414	73.923307440944853	75.741311030183695	77.550846371391046	78.912718070866106	80.43354644028868	81.867373398950107	83.522575856299184	85.052789550524892	86.814124727690242	88.228241853674504	89.915357043963212	91.03073076443566	92.282964261810989	93.707498484251929	94.938425410104941	96.07719326443565	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	207.399787162	700 cfs WSEL	0	2.6020865748031499	6.0039817421259842	8.7128552362204719	9.1296356824146976	12.025692099737533	14.490630147637795	17.245085711942256	19.957948024934382	22.118751249999999	24.421889311023623	26.637871847112862	28.795214557086609	31.857984717847764	34.529155022965874	40.457473661417318	42.075776000656163	43.938900501968497	45.587081223753273	47.566461991469808	49.250890853018362	50.959641282808391	52.634202053805765	54.58506904855642	56.230874284776895	57.947264261811014	59.569157841207343	61.096414186351694	62.880157444225709	64.464471597769005	66.140917253936991	67.798296581364809	69.149767683727021	70.696172732939601	72.334776056430414	73.923307440944853	75.741311030183695	77.550846371391046	78.912718070866106	80.43354644028868	81.867373398950107	83.522575856299184	85.052789550524892	86.814124727690242	88.228241853674504	89.915357043963212	91.03073076443566	92.282964261810989	93.707498484251929	94.938425410104941	96.07719326443565	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	207.474775962	1000 cfs WSEL	0	2.6020865748031499	6.0039817421259842	8.7128552362204719	9.1296356824146976	12.025692099737533	14.490630147637795	17.245085711942256	19.957948024934382	22.118751249999999	24.421889311023623	26.637871847112862	28.795214557086609	31.857984717847764	34.529155022965874	40.457473661417318	42.075776000656163	43.938900501968497	45.587081223753273	47.566461991469808	49.250890853018362	50.959641282808391	52.634202053805765	54.58506904855642	56.230874284776895	57.947264261811014	59.569157841207343	61.096414186351694	62.880157444225709	64.464471597769005	66.140917253936991	67.798296581364809	69.149767683727021	70.696172732939601	72.334776056430414	73.923307440944853	75.741311030183695	77.550846371391046	78.912718070866106	80.43354644028868	81.867373398950107	83.522575856299184	85.052789550524892	86.814124727690242	88.228241853674504	89.915357043963212	91.03073076443566	92.282964261810989	93.707498484251929	94.938425410104941	96.07719326443565	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	207.58620916199999	Cross-Sectional Distance (ft)





Elevation (ft)









1.5 ft depth @ 700 cfs	0	1.7368613024934383	4.2265338517060371	6.1954874311023627	8.2195470078740165	9.6781486876640432	11.280027493438322	12.871005538057744	14.766451240157481	16.547210170603677	18.465389852362208	20.262912001312337	21.64492533464567	23.342935997375328	25.225233562992127	27.09307657152231	29.096594271653544	31.660408156167978	33.821583461286089	36.231377247375327	39.212128628608923	41.007562618110235	43.309573861548557	48.233114629265096	50.321450869422577	52.268459852362213	54.373742168635175	56.597093562992129	58.822146407480318	60.920907664041998	63.726003133202106	66.237470472440947	67.919270475721788	70.424711889763785	72.646884307742781	74.430805695538055	76.614678234908141	78.517667191601049	80.571327916666661	82.636625879265083	84.739560055774263	87.16652275590549	89.274199599737514	91.248135265748019	92.940168858267697	95.035810291994736	96.817260826771644	98.608318231627294	100.40021606299213	102.89728261811024	105.16628463910762	106.87267583661418	108.54417029199476	110.07187199475067	111.62329789041996	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	(-1.5) ft Line @ 700 cfs	0	1.7368613024934383	4.2265338517060371	6.1954874311023627	8.2195470078740165	9.6781486876640432	11.280027493438322	12.871005538057744	14.766451240157481	16.547210170603677	18.465389852362208	20.262912001312337	21.64492533464567	23.342935997375328	25.225233562992127	27.09307657152231	29.096594271653544	31.660408156167978	33.821583461286089	36.231377247375327	39.212128628608923	41.007562618110235	43.309573861548557	48.233114629265096	50.321450869422577	52.268459852362213	54.373742168635175	56.597093562992129	58.822146407480318	60.920907664041998	63.726003133202106	66.237470472440947	67.919270475721788	70.424711889763785	72.646884307742781	74.430805695538055	76.614678234908141	78.517667191601049	80.571327916666661	82.636625879265083	84.739560055774263	87.16652275590549	89.274199599737514	91.248135265748019	92.940168858267697	95.035810291994736	96.817260826771644	98.608318231627294	100.40021606299213	102.89728261811024	105.16628463910762	106.87267583661418	108.54417029199476	110.07187199475067	111.62329789041996	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	181.07125360000001	Bed Elevation (ft)	0	1.7368613024934383	4.2265338517060371	6.1954874311023627	8.2195470078740165	9.6781486876640432	11.280027493438322	12.871005538057744	14.766451240157481	16.547210170603677	18.465389852362208	20.262912001312337	21.64492533464567	23.342935997375328	25.225233562992127	27.09307657152231	29.096594271653544	31.660408156167978	33.821583461286089	36.231377247375327	39.212128628608923	41.007562618110235	43.309573861548557	48.233114629265096	50.321450869422577	52.268459852362213	54.373742168635175	56.597093562992129	58.822146407480318	60.920907664041998	63.726003133202106	66.237470472440947	67.919270475721788	70.424711889763785	72.646884307742781	74.430805695538055	76.614678234908141	78.517667191601049	80.571327916666661	82.636625879265083	84.739560055774263	87.16652275590549	89.274199599737514	91.248135265748019	92.940168858267697	95.035810291994736	96.817260826771644	98.608318231627294	100.40021606299213	102.89728261811024	105.16628463910762	106.87267583661418	108.54417029199476	110.07187199475067	111.62329789041996	182.98556430446195	182.54593175853017	182.11286089238845	181.63385826771653	181.31889763779529	181.39435695538057	181.3484251968504	181.30905511811022	181.2237532808399	181.1515748031496	181.19422572178479	181.25	181.31889763779529	181.39763779527559	181.52230971128608	181.56496062992127	181.50590551181102	181.41404199475065	181.28608923884514	181.14173228346456	181.03674540682414	180.99409448818898	181.00393700787401	181.03018372703411	181.03018372703411	181.02362204724409	181.01706036745406	181.01706036745406	181.0269028871391	181.03674540682414	181.04986876640419	181.0728346456693	181.19422572178479	181.3484251968504	181.3221784776903	181.52230971128608	181.67650918635169	181.8208661417323	182.01771653543307	182.20800524934384	182.39829396325459	182.58202099737534	182.6509186351706	182.61811023622047	182.54593175853017	182.46719160104988	182.39501312335958	182.24409448818898	181.99475065616798	181.72900262467192	181.45013123359581	181.26312335958005	181.34186351706037	181.73884514435696	182.23097112860893	500 cfs WSEL	0	1.7368613024934383	4.2265338517060371	6.1954874311023627	8.2195470078740165	9.6781486876640432	11.280027493438322	12.871005538057744	14.766451240157481	16.547210170603677	18.465389852362208	20.262912001312337	21.64492533464567	23.342935997375328	25.225233562992127	27.09307657152231	29.096594271653544	31.660408156167978	33.821583461286089	36.231377247375327	39.212128628608923	41.007562618110235	43.309573861548557	48.233114629265096	50.321450869422577	52.268459852362213	54.373742168635175	56.597093562992129	58.822146407480318	60.920907664041998	63.726003133202106	66.237470472440947	67.919270475721788	70.424711889763785	72.646884307742781	74.430805695538055	76.614678234908141	78.517667191601049	80.571327916666661	82.636625879265083	84.739560055774263	87.16652275590549	89.274199599737514	91.248135265748019	92.940168858267697	95.035810291994736	96.817260826771644	98.608318231627294	100.40021606299213	102.89728261811024	105.16628463910762	106.87267583661418	108.54417029199476	110.07187199475067	111.62329789041996	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	182.21235999999999	700 cfs WSEL	0	1.7368613024934383	4.2265338517060371	6.1954874311023627	8.2195470078740165	9.6781486876640432	11.280027493438322	12.871005538057744	14.766451240157481	16.547210170603677	18.465389852362208	20.262912001312337	21.64492533464567	23.342935997375328	25.225233562992127	27.09307657152231	29.096594271653544	31.660408156167978	33.821583461286089	36.231377247375327	39.212128628608923	41.007562618110235	43.309573861548557	48.233114629265096	50.321450869422577	52.268459852362213	54.373742168635175	56.597093562992129	58.822146407480318	60.920907664041998	63.726003133202106	66.237470472440947	67.919270475721788	70.424711889763785	72.646884307742781	74.430805695538055	76.614678234908141	78.517667191601049	80.571327916666661	82.636625879265083	84.739560055774263	87.16652275590549	89.274199599737514	91.248135265748019	92.940168858267697	95.035810291994736	96.817260826771644	98.608318231627294	100.40021606299213	102.89728261811024	105.16628463910762	106.87267583661418	108.54417029199476	110.07187199475067	111.62329789041996	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	182.57125360000001	1000 cfs WSEL	0	1.7368613024934383	4.2265338517060371	6.1954874311023627	8.2195470078740165	9.6781486876640432	11.280027493438322	12.871005538057744	14.766451240157481	16.547210170603677	18.465389852362208	20.262912001312337	21.64492533464567	23.342935997375328	25.225233562992127	27.09307657152231	29.096594271653544	31.660408156167978	33.821583461286089	36.231377247375327	39.212128628608923	41.007562618110235	43.309573861548557	48.233114629265096	50.321450869422577	52.268459852362213	54.373742168635175	56.597093562992129	58.822146407480318	60.920907664041998	63.726003133202106	66.237470472440947	67.919270475721788	70.424711889763785	72.646884307742781	74.430805695538055	76.614678234908141	78.517667191601049	80.571327916666661	82.636625879265083	84.739560055774263	87.16652275590549	89.274199599737514	91.248135265748019	92.940168858267697	95.035810291994736	96.817260826771644	98.608318231627294	100.40021606299213	102.89728261811024	105.16628463910762	106.87267583661418	108.54417029199476	110.07187199475067	111.62329789041996	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	183.00453999999999	Cross-Sectional Distance (ft)
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From: Alison Jakupca
To: Shane Boring; Alex Pellett (PellettC@dnr.sc.gov); ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie
(dchristie@comporium.net); Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry Mealing; Karla Reece
(Karla.Reece@noaa.gov); Kelly Kirven; Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin
(RigginL@dnr.sc.gov); Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Harder; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Doodle Poll: Parr-FF Draft Instream Flow Report
Date: Tuesday, August 09, 2016 9:31:58 AM

Good Morning All,
 
Below you will find a link to a Doodle Poll for the Parr Instream Flow TWC Meeting to review the

draft Instream Flow Report distributed yesterday.  I will close the poll on August 16th, so please have
your votes in by that time.  Thanks and have a great week, Alison
 
http://doodle.com/poll/a8w45ppg8kkpgzdu
 
 
Alison Jakupca
Project Regulatory Coordinator

Office:  803 462 5628
Mobile: 864 906 4119
www.KleinschmidtGroup.com

 

 
 
 

From: Shane Boring 
Sent: Monday, August 08, 2016 4:46 PM
To: Alex Pellett (PellettC@dnr.sc.gov) <PellettC@dnr.sc.gov>; Alison Jakupca
<Alison.Jakupca@KleinschmidtGroup.com>; ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>;
Bill Marshall (marshallb@dnr.sc.gov) <marshallb@dnr.sc.gov>; Bill Stangler
(CRK@congareeriverkeeper.org) <CRK@congareeriverkeeper.org>; Brandon Kulik
<Brandon.Kulik@KleinschmidtGroup.com>; BRESNAHAN, AMY <Amy.Bresnahan@scana.com>; Caleb
Gaston (caleb.gaston@scana.com) <caleb.gaston@scana.com>; Chad Altman
(altmankc@dhec.sc.gov) <altmankc@dhec.sc.gov>; Dick Christie (dchristie@comporium.net)
<dchristie@comporium.net>; Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov)
<Fritz.Rohde@noaa.gov>; Gerrit Jobsis (gjobsis@americanrivers.org) <gjobsis@americanrivers.org>;
Greg Mixon (mixong@dnr.sc.gov) <mixong@dnr.sc.gov>; Henry Mealing
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<Henry.Mealing@KleinschmidtGroup.com>; Karla Reece (Karla.Reece@noaa.gov)
<Karla.Reece@noaa.gov>; Kelly Kirven <Kelly.Kirven@KleinschmidtGroup.com>; Kerry Castle
(castlek@dnr.sc.gov) <castlek@dnr.sc.gov>; Ley, Amanda <leyah@dhec.sc.gov>; Lorianne Riggin
(RigginL@dnr.sc.gov) <RigginL@dnr.sc.gov>; Pace Wilber (Pace.Wilber@noaa.gov)
<Pace.Wilber@noaa.gov>; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com)
<randolph.mahan@scana.com>; randy mahan (rmahan@sc.rr.com) <rmahan@sc.rr.com>; Ron Ahle
<AhleR@dnr.sc.gov>; Rusty Wenerick (weneriwr@dhec.sc.gov) <weneriwr@dhec.sc.gov>; Scott
Harder <HarderS@dnr.sc.gov>; Shane Boring <Shane.Boring@KleinschmidtGroup.com>; Steve
Summer <ssummer@scana.com>; STUTTS, BRANDON G <BSTUTTS@scana.com>; Tom McCoy
(thomas_mccoy@fws.gov) <thomas_mccoy@fws.gov>
Subject: Parr-FF Draft Instream Flow Report
 
Dear Instream Flow TWC:
 
Attached for your review is the draft Instream Flow Report for Parr Hydro Project.  Please note that
this report is intended to be a data report describing the flow/habitat relationships and is not
intended to provide a flow recommendation.  You will be receiving a doodle poll shortly for a
meeting in mid- to late-September to go through the study results as a group and discuss next steps. 
Finally, please note that the report appendices will be provided in a separate email due to file size.
Thanks to all who participated in development of this study and please don’t hesitate to call if we
can answer any questions. 
 
C. Shane Boring
Environmental Scientist

Office: 803.462.5625
www.KleinschmidtGroup.com
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From: Alison Jakupca
To: Henry Mealing; Kelly Kirven; Alex Pellett (PellettC@dnr.sc.gov); ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Chuck Hightower (hightocw@dhec.sc.gov);
David Eargle (eargleda@dhec.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin (RigginL@dnr.sc.gov); Malcolm Leaphart
(mwleapjr@att.net); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Castleberry
(castlews@dhec.sc.gov); Shane Boring; STUTTS, BRANDON G; MMosley@scana.com; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Water Quality TWC - West Channel Field Meeting - June 23, 2016 final meeting notes
Date: Monday, August 15, 2016 11:15:50 AM
Attachments: 2016-06-23 Final West channel flow demonstration TWC_notes.pdf

Good Morning,
 
I have attached the final meeting notes from the June 23, 2016 West Channel flow demonstration
for your records.  These meeting notes will also be published to the Parr website.  Thank you, Alison
 
 
Alison Jakupca
Project Regulatory Coordinator

Office:  803 462 5628
Mobile: 864 906 4119
www.KleinschmidtGroup.com
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ATTENDEES:  


 


Bill Argentieri (SCE&G)  Bill Marshall (SCDNR) 


Ray Ammarell (SCE&G)  Alex Pellett (SCDNR) 


Steve Summer (SCANA)  Ron Ahle (SCDNR) 


Brandon Stutts (SCANA)  Gerrit Jobsis (American Rivers) 


Caleb Gaston (SCANA)  Rusty Wenerick (SCDHEC) 


Shane Boring (Kleinschmidt)  Alison Jakupca (Kleinschmidt) 


Henry Mealing (Kleinschmidt) 


 


 


 


These notes are a summary of the major points presented during the meeting and are not intended 


to be a transcript or analysis of the meeting. 


 


At the last TWC meeting, the group discussed various ways to improve west channel water quality.  


These included: 


 Creating a channel from the powerhouse tailrace to the west channel. SCE&G determined 


that this was not realistic due to dam safety issue with blasting and this method will not 


deliver water to the upper west channel due to elevation differences. 


 Pump water from the forebay – this method would be unreliable (dependent on mechanical 


pumps) and would not deliver much flow – less than 25 cfs. 


 Siphon system from the forebay – this method would also be unreliable because the 


reservoir level changes and not deliver much flow. 


 Operation changes will be the best way to improve WQ in the west channel – during the 


summer, use controlled periodic spills to the west channel and prioritize any reservoir 


operation spills be released through gates 1-6. 


Based on this information, SCE&G proposed to perform a west channel test spill demonstration for 


the TWC members to observe. These notes provide a summary of the test flow. Prior to the test, the 


attendees met at the Parr Dam and reviewed the agenda (attached) and discussed safety tips for the 


day.   


 


The purpose of the flow demonstration was to observe conditions in the west channel area of the 


Broad River downstream of Parr Dam before, during, and after a relatively small amount of water 


was discharged into the channel using Parr Hydro spillway crest gates 1 and 2, which operate 


together as a pair.  Performing periodic releases such as this is a potential operational measure for 


improving the water quality in the west channel during the term of the new license when it is issued. 
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Test Description 


The attendees met at the west end of Parr Dam between 8:00 and 8:30 AM.  The group conducted a 


safety briefing and reviewed maps of the west channel area and several pools and shoals which are 


located just downstream of the dam (handout attached), and then walked along the canoe portage 


path to the riverbank and waded to a small sandbar which was used as an observation area during 


the demonstration.  At 8:57 AM, the hydro staff were requested by phone to lower gates 1 and 2 to 


about 0.2 feet below the current reservoir elevation.  By 9:00 AM, a spill flow had begun and after 


some minor gate adjustments to the gate position by the plant, a steady spill over the gates was 


occurring.  The group waded upstream to observe the pools near the base of the dam beginning to 


fill and overflow into the upper portion of the west channel.  As the water rose, the group made their 


way back downstream to observe the effects of the increasing flow in the small channels around the 


sandbar.  The spill continued until about 10:19 AM, when the group was in agreement that 


approximately steady state stage and flow conditions existed in the upper reaches of the west 


channel.  The plant staff was requested by phone to raise gates 1 and 2 back to their full up position.  


The group stayed at the sandbar until about 10:50 AM to observe the flow recession. 


 


Recorded Data 


The group recorded depths in one of the pools of the west channel via a temporary staff gage 


established prior to the spill demonstration. The recorded data is presented in Table 1 and Figure 1. 


 


Table 1.  Staff Gage Height in West Channel 


Time 


(EDT) 


Staff Gage Height 


(Inches) 


0841 2.50 


0915 5.50 


0921 11.00 


0936 15.5 


0946 17.00 


0956 17.25 


1000 17.50 


1005 18.00 


1010 18.25 


1019 18.75 


1025 17.75 


1026 16.75 


1028 15.00 


1029 14.50 


1033 12.25 


1037 10.50 


1040 9.50 


1044 8.50 


1047 7.75 


1049 7.50 


1050 7.25 


1056 6.75 


1100 6.00 
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Figure 1.  Staff Gage Height in West Channel 


 


 


The plant staff also logged reservoir elevation and gate position at 30 minutes intervals during the 


demonstration, using the plant headwater gauge and gate position indicators (Table 2). 


 


 


Table 2.  Parr Reservoir Elevation and Gate Position During Spill Test 


 


Time (EDT) Plant Res. El. Gate Tip El. 


8:30 n/a 266.00 


9:00 257.60 257.40 


9:30 257.74 257.15 


10:00 257.80 257.12 


10:30 n/a 266.00 


 


Using the data recorded in Table 2, discharge over gates 1 and 2 were computed using the sharp 


crested weir formula (Figure 2): 


Q = C L H 3/2 
Where  


Q = discharge in cubic feet per second (CFS); 


C = the weir coefficient of 2.50 from the gate design data for the gate tip elevation and headwater 


during the release (see chart on page 5); 


L = the weir crest length in feet, in this case 400 feet. 


H is the total head in feet (including velocity head) on the weir crest.  Velocity head was negligible 


and head was computed as (Reservoir El. – Gate Tip El.). 
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Figure 2. Sharp Crested Weir Formula 


 


The calculated discharge during the demonstration is provided in Table 3 below. 


 


Table 3. Calculated Discharge During Flow Test 


 


Time 


(EDT) 


Calculated Gate Discharge 


(CFS) 


8:30 0 


9:00 89 


9:30 453 


10:00 561 


10:30 0 


 


After the demonstration was completed, provisional data from the USGS streamflow gage at Alston, 


SC was downloaded to see if the release from gates 1 and 2 was evident at the gage location about 1 


mile downstream of the dam. An increase in flow was recorded at the Alston gage beginning about 


90 minutes after the flow release began. Figure 3 shows the calculated flow over the gates and the 


flow recorded at the Alston gage site during and after the demonstration. 
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Figure 3 indicates that prior to the release, the discharge from Parr Hydro was about 730 to 740 


CFS.  The maximum flow recorded at the Alston gage during the release was 888 CFS at 11:30 


AM, an increase of about 150 CFS above the pre-release flow. By 3:30 PM, the flow at Alston had 


receded to a steady value of 752 CFS. The peak flow increase measured at the Alston gage site was 


quite a bit less than the maximum flow released over gates 1 and 2, due to the storage routing 


effects of the pools and channel section in the west channel. The increased flow at the Alston site 


was also evident in the gage data for several hours after the gate had been raised and the flow 


release stopped, as the west channel reach released some of the stored water. 


 


 
Figure 3.  Alston Gage Versus Calculated Releases from Gates 1 & 2 


 


Volume of Water Released 


The estimated volume in acre-feet of water released using gates 1 and 2 was calculated from the 


flow data in Table 3 and is provided in Table 4.  A total of about 46 acre feet is estimated to have 


been released during the demonstration. 


 


Table 4. Volume Computation from Calculated Gate Flow 


 


Time 


(EDT) 


Gates 1 and 2 Flow 


(CFS) 


Volume Released 


(Ac-Ft) 


8:30 0 0 


9:00 89 1.9 


9:30 453 11.2 


10:00 561 20.9 


10:30 0 11.6 


 Total: 45.6 


 


A similar volume computation was performed on the Alston gage flow data for the period 10:30 


AM to 3:15 PM. The tabulated flow and volume computed are provided in Table 5. 
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Table 5. Volume Computation at Alston Gage Site 


 


Time 


EDT 


Flow 


(CFS) 


Increase Above Baseflow 


(CFS) 


Volume of Increased Flow 


(Ac-Ft.) 


10:15 740 0 0 


10:30 752 12.00 0.25 


10:45 801 61.00 0.75 


11:00 850 110.00 1.77 


11:15 875 135.00 2.53 


11:30 888 148.00 2.92 


11:45 875 135.00 2.92 


12:00 863 123.00 2.66 


12:15 838 98.00 2.28 


12:30 838 98.00 2.02 


12:45 825 85.00 1.89 


13:00 801 61.00 1.51 


13:15 776 36.00 1.00 


13:30 788 48.00 0.87 


13:45 764 24.00 0.74 


14:00 764 24.00 0.50 


14:15 764 24.00 0.50 


14:30 764 24.00 0.50 


14:45 764 24.00 0.50 


15:00 764 24.00 0.50 


15:15 740 0.00 0.25 


   Total Volume: 26.85 


 


The data in Table 5 indicate that not all the water released over the gates made it to the Alston gage 


site.  This is possibly due to some water being retained in the pool areas in the west channel, since 


these pools were relatively empty at the start of the demonstration and were filled by the release. 


 


August Spillway Water Quality Testing 


 


SCE&G proposes to pass a spillway flow of approximately 25 acre ft. over a several hour period 


during the August 2016 Water Quality testing. During the first week of monitoring the water quality 


HOBOs will be deployed with no planned spill - only gate leakage. The first day of monitoring 


during the second and third weeks, the HOBOs will be cleaned, data retrieved, replaced in the 


channel, and a crest gate spill will be released.  During the subsequent days of monitoring each 


week, the HOBOs will document how quickly the temp and DO deteriorate in the West Channel. 


This should provide us with a reference point to discuss the frequency of spills potentially needed to 


create water quality improvements in the West Channel. 
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ACTION ITEMS: 


 


 SCE&G and Kleinschmidt will prepare and implement the west channel water quality 


testing in August 2016 over a three-week period. 


 Kleinschmidt will summarize the data and submit it to the TWC for review and comment.  


This information will be added to the West Channel Water Quality Report as an addendum. 


Attachments 


 


West Channel Spill Demonstration – June 23, 2016 


At the March 23, 2016 TWC meeting, the TWC discussed several options to deliver flow to the 


West Channel area.  SCE&G evaluated each of those options for reliability, cost, and safety. 


Flow Delivery Evaluation 


 Create a channel from the tailrace to the West Channel. Not realistic – dam safety issue with 


blasting – expensive – will not deliver water to the upper West Channel due to elevations. 


 Pumping will be expensive – unreliable – and not deliver much flow 


 Siphon system will also be unreliable because the reservoir level changes 


 Operation changes will be the best way to improve WQ in the West Channel 


Operation Changes 


 SCE&G will prioritize operation of the spillway gates to 1 - 6 – June through September.  If 


there is excess water that will require a spill, it will be passed through gates 1-6 unless there 


is a mechanical/project need to use gates 7 - 10.  


 SCE&G will provide a periodic spillway release to refresh the West Channel. 


August Testing Plan 


 During August 2016, we will reset the HOBO monitors in the West Channel for three weeks 


to address two topics: 


 During the first week, we will collect data for one week with clean calibrated HOBO 


monitors to verify the temperature (temp) and dissolved oxygen (DO) values observed 


during the August 2015 collections. 


 During the second and third weeks, we will collect HOBO data with a test spillway release 


to determine the temp and DO response. 


 After testing, we will provide an update to the TWC on the results of the additional 


collections. 


Parr West Channel Pool Storage Estimate 


To improve water quality in the West Channel, we assume that there should be some regular 


exchange of water within the West Channel. The overall area can be broken into two major portions 


– the smaller and shallower upstream pools and the large deeper downstream pool. Using available 


data for these areas, the volume of the upstream pools and the downstream pool were estimated. 


Upstream Pools 


There are approximately five primary smaller pools in the upstream portion of the West Channel 


(Figure 1). Based on the data collected in these areas, we estimated a pool volume at a flow of 


approximately 50 cfs, which is the approximate leakage through gates 1-6. The estimates of pool 
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volume range in size from 0.2 to 4.9 acre-ft (Table 1). Therefore a spillway release of at least 10.3 


acre-ft should provide some substantial water exchange in these upstream pools. 


 


Table 1. Estimated Volume of Five Major Pools in the Upstream Portion of the West Channel 


Pool # Area 


(sq ft) 


Depth at 


50 cfs (ft) 


Pool Volume 


(cubic ft) 


Pool Volume 


(acre ft) 


1 29,394 3.1 91,121 2.1 


2 3,760 2.3 8,648 0.2 


3 39,255 1.5 58,882 1.4 


4 35,952 3.1 75,499 1.7 


5 119,771 1.8 215,588 4.9 


Total    10.3 


 


 
Figure 1. West Channel upstream pools. 


 







 


 


  Page 9 of 9  


Downstream Pool 


The downstream section of the West Channel is comprised of one large pool that is much larger and 


deeper than the upstream pools.  Using Google Earth Pro, we created a polygon of this pool and 


estimated that the surface area is 26.4 acres (Figure 2). A Sontek River M9 Acoustic Doppler 


Current Profiler (ADCP) was used to collect depth soundings along the thalweg of this pool at 


leakage flow.  Based on the ADCP profile, we estimate that the average depth is approximately 4 


feet, which yields a volume of 105.6 acre ft. Therefore it would require a spillway release of at least 


100 acre ft to provide some exchange of water in this downstream pool. 


 


 
Figure 2: West Channel Downstream Pool Estimated Area Measurement 


 


August Spillway Test Flow 


Based on the pool volume information presented in this memo, SC&EG proposes to pass a spillway 


flow of approximately 25 acre ft. over a three hour period during the August 2016 testing. During 


the first week of monitoring the HOBOs will be deployed with no planned spill - only gate leakage. 


The first day of monitoring during the second and third weeks, the HOBOs will be cleaned, data 


retrieved, replaced in the channel, and a crest gate spill will be released.  During the subsequent 


days of monitoring each week, the HOBOs will document how quickly the temp and DO deteriorate 


in the West Channel. This should provide us with a reference point to discuss the frequency of spills 


potentially needed to create water quality improvements in the West Channel. 
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Dear Parr Water Quality TWC Member,
 
SCE&G implemented the proposed Turbine Venting Plan at the Parr Shoals Development from
mid-June through the end of July 2016.  SCE&G also updated the turbine venting test on Unit
4 after the installation of new bearings.  The attached Memo provides information on each of
these activities.  We will file this memo as part of the consultation record for the Parr
Relicense and use the results to improve the proposed Turbine Venting Plan that will be
included as part of the Parr Project Final License Application.
 
Thanks for your continued participation in the relicensing process.
 
Henry
 
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC  29072
706-339-3209
www.KleinschmidtGroup.com
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		PARR HYDROELECTRIC PROJECT – FERC NO. 1894

PARR SHOALS DAM TURBINE VENTING – MEMORANDUM 





		TO:

		Water Quality Technical Working Committee



		FROM:

		Kleinschmidt Associates



		DATE:

		August 15, 2016



		RE:

		2016 Turbine Venting Test Results







[bookmark: _GoBack]Introduction

Following the completion of the Parr Hydroelectric Project Baseline Water Quality Report, there were questions from the Water Quality TWC regarding occasional low dissolved oxygen (DO) in the tailrace downstream of Parr Shoals Dam. At a Water Quality TWC meeting on February 4, 2014, the TWC noted that the Baseline Water Quality Report identified periodic excursions of DO levels less than 4.0 mg/L in the Parr Shoals Dam tailrace, as reported by the USGS station 02160991. In an effort to understand these excursions better, SCE&G consolidated historic USGS data to examine these excursions and issued an addendum to the Baseline Water Quality Report in June 2014.  At the request of the Water Quality TWC, SCE&G collected additional water quality data in the summer of 2014 in the tailrace and forebay of Parr Shoals Dam in an attempt to determine whether project operations are causing these excursions.  These results were summarized in a memo issued on March 2, 2015. SCE&G followed up this effort by collecting another series of water quality data in the Parr forebay from May through mid-October 2015.  The results of this data collection effort was summarized in the Parr Shoals Dam Turbine Venting Report. 



In addition, SCE&G proposed to test all of the Parr turbines for their ability to self-vent and potentially increase the dissolved oxygen in the tailrace during specific periods of the year. An initial test of the turbines’ capacity to vent was performed August 2014; a second test to determine which turbines had the most significant impact on increasing dissolved oxygen was performed in July 2015. The results of the testing, along with the findings published in the Baseline Water Quality Report, were used to develop a Turbine Venting Plan.  At the March 2016 Water Quality TWC meeting, SCE&G proposed to test the Turbine Venting Plan during June 15th through July 31st of 2016. In addition to testing the plan during 2016, SCE&G also conducted a re-test of Unit 4 after installation of the new “air-cooled wooden bearings”.  The results of each of these tests are presented in this document.

Methodology AND RESULTS

SCE&G implemented the proposed Turbine Venting Plan from June 15 through July 31, 2016.  The success of turbine venting was measured at the USGS Gage No. 02160991, Broad River near Jenkinsville, SC. 



Dissolved oxygen and temperatures observed in the tailrace are illustrated in Figure 1. No excursions of DO levels less than 4.0 mg/L were observed (Table 1).



Table 1	Parr Shoals Tailrace Maximum and Minimum DO and Temperature

		 

		June

		July



		 

		DO (mg/L)

		Temperature (°C)

		DO (mg/L)

		Temperature (°C)



		Maximum

		7.30

		30.10

		8.20

		31.50



		Minimum

		5.60

		26.50

		4.90

		20.40







Figure 1	Parr Shoals Tailrace DO and Temperature







Turbine venting test of Unit 4 are presented in Table 2.  The testing noted a DO uptake of approximately 0.20 mg/l. The testing performed during 2014 identified an uptake of 0.16, which is slightly less than the latest testing results.



Table 2	Parr Shoals Turbine Venting Unit 4 Test – August 2016

[image: ]



Also of note was the general decline in DO levels recorded at the Jenkinsville gage during the first 2 weeks of August, 2016 (Figure 2).  We are not sure if this is related to drops associated with the cessation of turbine venting or environmental factors.

Figure 2	Parr Shoals Tailrace DO and Temperature – August 1 – August 16, 2016



[image: http://waterdata.usgs.gov/nwisweb/graph?agency_cd=USGS&site_no=02160991&parm_cd=00300&period=14]



Conclusion

Based on the results of the 2016 Turbine Venting Plan test, turbine venting at the Parr Shoals Development was successful.  Testing of Unit 4 during 2016 showed a slight increase in DO uptake.  We also noted a decrease in DO levels during August.



Based on these findings, SCE&G proposes to perform turbine venting tests during 2017 and to extend the venting season to include June 15 through August 31. SCE&G will use the results of the 2016 and 2017 testing and the individual Unit test to update and modify the current Turbine Venting Plan. SCE&G plans to include the updated Turbine Venting Plan as one of the proposed protection, mitigation, and enhancement measures to be included in the Final License Application for continued operation of the Parr Hydroelectric Project (FERC No. 1894).
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BP


19:00closed5.0829.4271367.2257.22220.701360±15045759


29:40open5.329.4871870.2257.53220.721360±15146759


Notes:


Requested plant/system control to have all gates up and a max. of 2 units generating by 07:00 (DST).  


Units 4 & 6 were operating and all gates up upon arrival at the plant.  Unit 6 was shutdown at 08:20 (DST).


Breaker valve on Unit 4 was opened at approx. 09:20 (DST).
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To: Kelly Kirven; Alex Pellett (PellettC@dnr.sc.gov); ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov);

Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; btrump@scana.com; Caleb Gaston
(caleb.gaston@scana.com); Charlene Coleman (cheetahtrk@yahoo.com); Chuck Hightower
(hightocw@dhec.sc.gov); Dick Christie (dchristie@comporium.net); Edye Joyner; Erich Miarka
(erich.miarka@gillscreekwatershed.org); Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit
Jobsis (gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry Mealing; J. Hagood Hamilton Jr.
(jhamilton@scana.com); Jay Maher; Jeff Carter (jmcarter00@sc.rr.com); Joe Wojcicki; John Fantry
(john@Fantrylaw.com); Jon Durham (jondurham@bellsouth.net); Karen Swank Kustafik
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Mark Davis; Merrill McGregor (merrillm@scccl.org); Pace Wilber (Pace.Wilber@noaa.gov);
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Collins (secollins@scana.com);
STUTTS, BRANDON G; tboozer@scana.com; Wayne and Ginny Boland (wayneboland@bellsouth.net); William
Hendrix (HendrixWB@dot.state.sc.us); Shane Boring; Stuart Greeter (sgreeter77@earthlink.net);
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Subject: Draft Recreation Use and Needs Study Report
Date: Tuesday, August 30, 2016 12:03:40 PM
Attachments: 2016-8-25 Draft RUNS Report - to TWC.docx

Appendix A - Parr Recreation Use and Needs Study Plan _revised 11-14.pdf
Appendix B - 12-09-14 Waterfowl Focus Group Meeting Summary - Final.pdf

Good Afternoon All,
 
Attached is the draft Recreation Use and Needs Study Report for your review.  There is quite a bit of
information in the report to digest, so we would like to hold a TWC meeting towards the end of
September or beginning of October to review the draft report.  I have put together a doodle poll
with several meeting date options.  Please vote for your preferred date at the link below by

September 9th.  Thank you and feel free to contact me with any questions.  Alison
 
http://doodle.com/poll/dfbprnt8523zzkc3
 
Alison Jakupca
Project Regulatory Coordinator

Office:  803 462 5628
Mobile: 864 906 4119
www.KleinschmidtGroup.com
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RECREATION USE AND NEEDS STUDY REPORT



PARR HYDROELECTRIC PROJECT

(FERC No. 1894)



SOUTH CAROLINA ELECTRIC & GAS COMPANY



[bookmark: _Toc334035427][bookmark: _Toc343591155][bookmark: _Toc459568538]INTRODUCTION

[bookmark: _Ref343844728]South Carolina Electric & Gas Company (“SCE&G”) is the Licensee of the Parr Hydroelectric Project (FERC No. 1894) (“Project”). The Project consists of the Parr Shoals Development (“Parr Development”) and the Fairfield Pumped Storage Development (“Fairfield Development”). Both Developments are located along the Broad River in Fairfield and Newberry counties, South Carolina.

The Parr Development creates the Parr Reservoir along the Broad River. The Development consists of a 37-foot-high, 200-foot-long concrete gravity spillway dam with a powerhouse and generating units with a combined licensed capacity of 14.9 MW. The Parr Development operates in a modified run-of-river mode and normally operates to continuously pass Broad River flow. The 13-mile-long Parr Reservoir has a surface area of 4,400 acres at full pool and serves as the lower reservoir for pumped-storage operations. Recreation opportunities at Parr Reservoir include hunting, boating, fishing, hiking and picnicking opportunities.

The Fairfield Development is located directly off of the Broad River and forms the 6,800-acre Monticello Reservoir, with four earthen dams. Monticello Reservoir serves as the upper reservoir and, as noted, Parr Reservoir serves as the lower reservoir for pumped storage operations. The Fairfield Development has a licensed capacity of 511.2 MW and is primarily used for peaking operations, reserve generation, and power usage. Recreation opportunities at Monticello Reservoir include hunting, boating, fishing, swimming, camping, hiking and picnicking opportunities.

In addition to the Monticello and Parr Reservoirs, the Recreation Lake, which was constructed by SCE&G solely for recreational use, is located adjacent to Monticello Reservoir and has a surface area of 300 acres. The Recreation Lake is maintained at a stable water level and is not affected by the operation of the pumped storage facility. The Recreation Lake encompasses approximately 10.2 miles of shoreline and offers opportunities for fishing, swimming and picnicking.

Approximately 9,000 acres of land and water within the Project are part of the statewide Wildlife Management Area (“WMA”) Program, managed by the South Carolina Department of Natural Resources (“SCDNR”) (SCE&G, 2002).

[bookmark: _Toc459568539]Study Purpose and Objectives

South Carolina Electric & Gas is currently in the process of obtaining a new federal operating license for the Project from the Federal Energy Regulatory Commission (“FERC”).  This process involves cooperation and collaboration between SCE&G, as licensee, and a variety of stakeholders including state and federal resource agencies, state and local government, non-governmental organizations (“NGOs”), and interested individuals. SCE&G has established several Resource Conservation Groups (“RCGs”) and Technical Working Committees (“TWCs”) composed of interested stakeholders with the objective of achieving consensus regarding the identification and proper treatment of these issues in the context of a new license.

As part of this process, SCE&G performed an assessment of existing and future recreational use, opportunities, and needs for the Project. The assessment was designed to collect and provide information pertinent to the current and future availability and adequacy of SCE&G owned and managed recreation sites as well as specific informal recreation areas at Monticello Reservoir and Parr Reservoir. The overall study objective was to identify current and potential recreational use, opportunities, and needs at the Project by addressing the following goals and objectives:

Goal 1:	Characterize the existing recreational use of SCE&G’s recreation sites on Monticello Reservoir and Parr Reservoir. This was accomplished by focusing on the following objectives:

i. Identifying recreation points, inventorying the services and facilities offered at each, and assessing the general condition of each site, including whether the site provides barrier free access.

ii. Identifying the patterns of recreation use at each site (type, volume, and daily patterns of use).

Goal 2:	Characterize existing use of waterfowl areas (Broad River Waterfowl Area, Enoree River Waterfowl Area) and SCE&G recreation lands by hunters during designated hunting seasons. This was accomplished by focusing on the following objectives:

i. Identifying the patterns of recreation use within the Project boundary (type, volume, and daily/seasonal patterns of use).

Goal 3:	Identify future recreational needs relating to public recreation sites on Monticello Reservoir and Parr Reservoir. This was accomplished by focusing on the following objectives:

i. Identifying existing recreation user needs and preferences, including perceptions of crowding at recreation sites.

ii. Estimating future recreational use of existing recreation sites.

iii. [bookmark: _Toc343591158]Identifying future needs for new recreation sites and facilities.





[bookmark: _Toc459568540]Study Development and Consultation

Preceding submittal of the Pre-Application Document (“PAD”) for the Project, stakeholders requested additional information on the Project through the implementation of several studies, one of which was a Recreation Use and Needs Study (“RUNS”). At a meeting with the Lake and Land Management and Recreation RCG on October 16, 2013, stakeholders discussed the proposed draft RUNS Study Plan. The study plan was revised based on comments received at that meeting, and a finalized study plan was filed with the PAD on January 5, 2015. A copy of the study plan, along with meeting notes from the RCG meetings on February 19, 2013, and October 16, 2013, are included in Appendix A. This RUNS report provides the results of the study.







[bookmark: _Toc343261451][bookmark: _Toc343261452][bookmark: _Toc343261453][bookmark: _Toc343261454][bookmark: _Toc343261455][bookmark: _Toc343261456][bookmark: _Toc343261457][bookmark: _Toc343261458][bookmark: _Toc343261460][bookmark: _Toc343261461][bookmark: _Toc343261462][bookmark: _Toc343261463][bookmark: _Toc343261464][bookmark: _Toc343261465][bookmark: _Toc343261466][bookmark: _Toc343261467][bookmark: _Toc343261468][bookmark: _Toc343261469][bookmark: _Toc343261470][bookmark: _Toc343261472][bookmark: _Toc343261473][bookmark: _Toc343261474][bookmark: _Toc343261475]

[bookmark: _Toc459568541]METHODOLOGY

This section describes data collection and analysis efforts used for this study. Data collection focused on obtaining information related to existing public recreation sites and facilities owned by SCE&G[footnoteRef:1], estimating recreational use of those sites, and learning recreation user perceptions and site capacities. Analysis was performed to support study objectives, to characterize existing and potential future recreational use at SCE&G’s public access sites, and to assess future requirements necessary to support adequately, public recreational use of the Project resources. [1:  At the request of the RCG, the RUNS also assessed recreation use at the Enoree River Bridge Informal Access Area, which is outside of the Project Boundary, and the Enoree and Broad River Waterfowl Areas which are within the Project boundary, but managed by South Carolina Department of Natural Resources.] 


[bookmark: _Toc459568542]Study Area

Eleven recreation sites and informal recreation areas on Monticello Reservoir and Parr Reservoir were included in this assessment, with five on Monticello Reservoir and five on Parr Reservoir, and one, Enoree River Bridge Informal Access Area, upstream of Parr Reservoir and outside of the Project boundary. Table 1 summarizes the sites for which data was collected at each reservoir, which sites are considered Project recreation facilities, and the general type of data collected at each site. More specific and detailed descriptions of the data collection methods are provided in the following section. Figure 1 identifies the location of each recreation site for Monticello Reservoir and Parr Reservoir included in this study.

[bookmark: _Ref459377452][bookmark: _Toc460320355]Table 1	Recreation Sites Assessed

		Recreation Sites 
and Informal Areas

		Parr Project Facility

		Site Inventory

		Vehicle Counts

		Exit Interviews

		Mail-in Surveys

		Spot Counts



		Monticello Reservoir

		 

		 

		 

		 

		

		 



		Scenic Overlook (SCE&G-maintained portion)

		

		

		

		

		

		



		Highway 215 Boat Ramp

		

		

		

		

		

		



		Highway 99 Boat Ramp

		

		

		

		

		

		



		Recreation Lake Access Area

		

		

		

		

		

		



		Highway 99 Informal Fishing Area

		

		

		

		

		

		



		 

		

		

		

		

		

		



		Parr Reservoir

		

		

		

		

		

		



		Cannon’s Creek Public Access Area

		

		

		

		

		

		



		Heller’s Creek Public Access Area

		

		

		

		

		

		



		Highway 34 Primitive Ramp

		

		

		

		

		

		



		Broad River Waterfowl Area

		

		

		

		

		

		



		Enoree River Waterfowl Area

		

		

		

		

		

		



		Enoree River Bridge Informal Access Area

		

		

		

		

		

		









[bookmark: _Toc459568543]Data Collection

A variety of data collection techniques were used to obtain the information necessary to meet the study objectives. Table 2 identifies the information collected to address each objective as well as the data collection methods. Primary data collection included site inventories, user counts, and use surveys (exit interviews). Secondary data included information from the U.S. Bureau of Census data, the South Carolina Statewide Comprehensive Outdoor Recreation Plan (SCORP), the South Carolina Recreation Participation & Preference Study, data provided by the South Carolina Department of Natural Resources (“SCDNR”) and other relevant, readily available literature. Additional input was obtained from the Lake & Land Management and Recreation RCG, Recreation TWC, and target "focus groups" offering “in the field” knowledge of the recreation resources and needs of the lake and river.

[image: ]

[bookmark: _Ref459377485][bookmark: _Toc459388988]Figure 1	Recreation Facilities at Parr Project







[bookmark: _Ref459377567][bookmark: _Ref129758075][bookmark: _Ref129758069][bookmark: _Toc373908565][bookmark: _Toc373908604][bookmark: _Toc460320356]Table 2	Recreation Use and Needs Study Objectives and Efforts

		[bookmark: OLE_LINK1]Objectives

		Information Needed

		Source



		Goal 1:  Characterize existing recreational use of recreation sites on Monticello Reservoir and the Parr Reservoir



		Identify formal recreation sites, inventory the services and facilities offered at each, and assess the general condition and ADA compliance of each site

		· Physical inventory of all boat ramps, grills, shelters, restrooms, parking capacity, etc., at each site

· General assessment of site condition to include maintenance, basic rehabilitation needs, etc.

· Visitors’ assessment of site conditions

· Identification of activities that occur at each site

· ADA compliance assessment

		· Recreation Site Inventory

· Survey of Recreation Site Users



		Identify the patterns of use at each site (type, volume, and daily patterns of use)

		· Utilize vehicle counts as an estimation of people

· Estimate of number people/vehicle

· Estimate of number vehicles/site

· Parking capacity

		· Traffic Counter Data

· Surveyor Counts of Vehicles at Recreation Sites

· Survey of Recreation Site Users - number of people per vehicle and length of visit

· Recreation Site Inventory - number of parking spaces

· County data from Scenic Overlook





		Goal 2:  Characterize existing use of waterfowl areas (Broad River Waterfowl Area, Enoree River Waterfowl area) and SCE&G recreation lands by hunters during designated hunting seasons.



		Identify the patterns of use within the Project boundary (type, volume, and daily/seasonal patterns of use).

		· Estimate number of hunters/site or waterfowl area

		· Counts of Vehicles at Recreation Sites/waterfowl areas

· Mail-in questionnaire specific to hunting use at the Project

· SCDNR waterfowl use data

· SCDNR hunting permit data












TABLE 2	RECREATION USE AND NEEDS STUDY OBJECTIVES AND EFFORTS (CONTINUED)

		Objectives

		Information Needed

		Source



		Goal 3:  Identify future recreational needs relating to public recreation sites on Monticello Reservoir and Parr Reservoir



		Identify existing user needs and preferences, including perceptions of crowding at recreation sites



		· User preferences and opinions of needs and crowding at sites

· Condition assessment

		· Survey of Recreation Site Users

· Recreation Site Inventory



		Estimate future recreational use of existing recreation sites

		· Current inventory and use data from Goals 1 and 2

· Population projections for the project area

· Recreational use trends

		· Results of Goals 1 and 2

· U.S. Bureau of Census Data

· SC Division of Research & Statistics (Budget and Control Board)

· SCORP, SC Recreation Participation & Preference Study, or other readily available literature



		Identify future needs for new recreation sites and facilities

		· Population projections

· Recreation use trends

· "focus group" (stakeholders) knowledge of recreation resources and needs

		· SC Div. of Research & Statistics

· SCORP, SC Recreation Participation & Preference Study, Palmetto Conservation Foundation trail use data, or other literature 

· Recreation TWC and Lake and Land Management & Recreation RCG
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[bookmark: _Toc459568544]Study Season

Primary interview activities occurred during the April 1 through September 7 (Labor Day), 2015 period. Additional interviews were conducted from February 1 through March 31, 2016, on the Monticello Reservoir in order to capture recreational activity on the reservoir during early crappie season. Specific targeted survey activities with mail-in surveys were implemented at both reservoirs during the migratory waterfowl seasons, including the Canada geese hunting season. The 2015 and 2016 waterfowl seasons extended as follows:

· September 11- September 26, 2015:  Early Teal Season

· November 21- November 28, 2015, December 12, 2015 - January 31, 2016:  Duck and Canada Geese Seasons

· February 14- February 29, 2016:  Canada Geese Season





[bookmark: _Toc343591161][bookmark: _Toc459568545][bookmark: _Ref343256837]Recreation Site Inventory

Site inventories were completed at recreation sites on Monticello and Parr Reservoirs (see Table 1). Data on the types of activities supported, parking capacity, the type, number, and size of facilities (bathhouses/restrooms, boat ramps, picnic shelters and tables, etc.) were collected for each location.

[bookmark: _Toc459568546]Vehicle Counts

Traffic counters were installed to record the number of vehicles entering and exiting the public recreation areas. Vehicle counts were conducted at 10[footnoteRef:2] study sites during the recreation season and at the five Monticello Reservoir recreation sites during the crappie season. The data collected was summarized by day type (weekdays, weekends, and holidays) for each site location. The traffic counters were configured to divide the number of vehicles counted by two, in order to account for the same vehicle entering and exiting the recreation site. Two access areas on Monticello Reservoir have two separate entrance/exit locations: the Highway 99 Informal Fishing Area, and the Highway 215 Boat Ramp. A traffic counter was installed at each entrance/exit location in order to count all vehicles entering or exiting the site. Vehicle counts provided by each counter were divided by two, consistent with the other recreation sites. Additionally, the vehicle counts for both entrances/exits were added together to account for total vehicle use at that site. [2:  After communication with SCDNR, a vehicle counter was not placed at the Broad River Waterfowl Management Area, as it is a draw-hunt site and SCDNR is well-apprised of use at that site.] 


[bookmark: 2.1.3_Recreation_Site_Surveys][bookmark: _Toc459568547]Public Recreation Area Visitor Exit Interviews

The preferences and perceptions of people using SCE&G’s recreation sites and informal areas are important inputs in management decisions regarding the adequacy and availability of existing recreation sites. Information from recreation site users was obtained via onsite exit interviews during the prime recreation season at both the Monticello and Parr Reservoirs during April 1 through September 7 (Labor Day), 2015. In addition, exit interviews were conducted during the crappie fishing seasons from February 1 through March 31, 2016, on Monticello Reservoir.

The surveys were designed to collect user characteristics (origin, gender, age, number of people per vehicle, total group size, etc.), the type of land-based and water-based recreation activities being participated in, length of stay, perceptions of crowdedness, conditions of recreation sites, and additional recreation facility needs at the Project. Exit interviews were conducted at all five of the Monticello Reservoir sites, and at the Parr Reservoir, Cannon’s Creek and Heller’s Creek Public Access Areas. Surveys were not conducted at the remaining Parr Reservoir sites due to the seasonal usage of these areas or the rural and informal nature of these areas.

Two survey versions were implemented, one for Monticello Reservoir and one for Parr Reservoir. The two survey versions were similar to each other and contained similar questions (see Appendix A). The survey was pre-tested in the field, prior to implementation. All survey clerks were trained as a means of quality control and were provided detailed information on the study purpose, schedule, data collection protocols and data sheet chain of custody, and direction on appropriate interviewing techniques and attire. Clerks were monitored regularly during the entire study period.

A sampling plan was prepared in consultation with the TWC utilizing stratified random sampling to target conducting at least 30 days of interviewing at each recreation site. Sampling days included weekends, weekdays and holidays. Weekends were sampled at a greater rate than weekdays to account for the heavier use that typically occurs during those periods. All major national holidays that fell within the recreation season were included in the sampling plan (see Table 3).

[bookmark: _Ref459377844][bookmark: _Toc373908566][bookmark: _Toc373908605][bookmark: _Toc460320357]Table 3	List of Holidays Included in the 2015 RUNS 
Exit Interview Sampling Plan

		Date

		Holiday



		May 23, 2015

		Saturday before Memorial Day



		May 24, 2015

		Sunday before Memorial Day



		May 25, 2015

		Memorial Day



		July 3, 2015

		Friday before Independence Day



		July 4, 2015

		Independence Day



		July 5, 2015

		Sunday after Independence Day



		September 5, 2015

		Saturday before Labor Day



		September 6, 2015

		Sunday before Labor Day



		September 7, 2015

		Labor Day









A total of 710 surveys were distributed at the Project area, and a total of 681 useable surveys were completed. Interviewers provided an incentive of a floating keychain for survey respondents to complete the survey. Table 4 provides a summary of the response rates.

[bookmark: _Ref459377895][bookmark: _Toc460320358]Table 4	Survey Response Rates

		

		Monticello Reservoir

		Parr Reservoir

		Total Project



		Total Number Attempted

		480

		230

		710



		Individual did not speak English

		8

		1

		9



		Refusals

		18

		2

		20



		Total Number Completed

		454

		227

		681



		Survey Response Rate

		95%

		99%

		96%









[bookmark: _Toc459568548]Spot Counts

Spot counts were conducted at the public recreation sites where the exit interviews were conducted once per interview period, concurrent with exit interview period. Information recorded during spot counts included: date, time, and weather; amount of vehicle and vehicle/trailer parking capacity in use; number and type of activities observed at the site; and state license plate data. Spot count data was used in parallel with traffic counter data to document the number of visitors and/or vehicles present at that visit and to characterize site use.

[bookmark: _Toc459568549]Waterfowl Management Areas Focus Group and Surveys

Waterfowl hunting typically occurs during the fall and winter months outside of the typical recreation season. Waterfowl hunters represent a unique group of users whose preferences and perceptions may differ from those using recreation sites during the summer months. Therefore, in order to capture the preferences and perceptions of waterfowl hunters a panel of waterfowl hunters were asked to serve as an expert panel, or focus group, to provide information about waterfowl hunting at the Project.

SCE&G, in consultation with stakeholders, formed a Waterfowl Focus Group to aid in gathering this information, and conducted a focus group of waterfowl hunters in December of 2014. The focus group was comprised of 9 individuals, which included unaffiliated waterfowl hunters, Tyger Enoree River Alliance members, and SCDNR representatives. Similar to the recreation survey, the purpose of conducting the focus group of waterfowl hunters was to obtain information about:

· hunting preferences to understand how waterfowl hunters use public access sites and areas in the Project area (identify access sites used, time and locations on the lake where hunting occurs);

· waterfowl hunting seasonal trends and distribution of activities;

· waterfowl hunting Project area preferences and needs to identify perceptions of the adequacy and condition of existing recreation sites and identify needs for additional public access for waterfowl hunting.





In addition to this focus group, mail-in surveys similar to the access site survey were distributed at the Enoree River Waterfowl Area and on Parr and Monticello reservoirs during appropriate waterfowl hunting seasons. On Monticello Reservoir, mail-in surveys were distributed on vehicles parked at the Hwy 215 boat ramp and the Hwy 99 boat ramp during the Canada Geese hunting season. A total of 18 completed surveys were returned, with 6 individuals indicating that they were waterfowl hunting at the time the survey was distributed. On Parr Reservoir, mail-in surveys were distributed on vehicles parked at Heller’s and Cannon’s Creek Public Access Areas during Early Teal and Duck hunting seasons. A total of 43 completed surveys returned with 40 individuals indicating that they were waterfowl hunting at the time the survey was distributed. Additionally, a survey box was placed at the Enoree River Waterfowl Area containing mail-in surveys. An unknown number of surveys were distributed at that site with only 1 completed survey returned.

[bookmark: _Toc343261484][bookmark: _Toc343261485][bookmark: _Toc343261486][bookmark: _Toc343261487][bookmark: _Toc343261488][bookmark: _Toc343261512][bookmark: _Toc459568550][bookmark: _Toc343591170]Analysis

The following sections provide a description of the approach for estimating existing and future recreational use, recreation site capacity and use density percentages, and recreation needs.

[bookmark: _Toc459568551]Current Recreational Use Estimates

[bookmark: _Toc343591171]Estimates of recreation use were developed for weekdays, weekends, and holidays for each public access site at the Monticello and Parr Reservoirs utilizing the traffic counters and recreation site survey data. The reported estimates of recreation are presented in "recreation days". The FERC defines a recreation day as one visit by a person to a development for purposes of recreation during any 24-hour period[footnoteRef:3]. The average number of people at each site within the morning and afternoon periods were estimated within each day type and converted to a daily estimate. Daily estimates for each day type were expanded to represent the study period and summed for a total estimate for each recreation site. Recreational use data at the Enoree River and Broad River waterfowl areas was provided by SCDNR, including annual use estimate and harvest data. [3:  Recreation use estimates are provided in recreation days, which the Federal Energy Regulatory Commission (FERC) defines as “each visit by a person to a development for recreational purposes during any portion of a 24- hour period.” Providing use estimates in this fashion allows for comparisons between sites, as well as between FERC projects around the country.] 


[bookmark: _Toc459568552]Future Recreational Use Estimates

Estimated projections of future recreation use at Monticello Reservoir and Parr Reservoir were developed using the average annual increase in population growth over the past 10 years, as reported by the Census Bureau or the State Division of Research and Statistics, for Newberry, Fairfield and Richland counties[footnoteRef:4]. The estimates were augmented with discussion of trends reported in the SCORP (2014) and the SC Recreation Participation & Preference Study (2005). Estimated projections are provided in 5 year intervals for the anticipated term of the license up to 50 years into the future (through year 2070). [4:  Although Richland County is not within the FERC Project boundary, it is believed that a significant number of those who recreate at the Project reside within Richland County.] 


While it is acknowledged that future changes in the supply of recreation resources, either in their quantity, accessibility, and/or quality may influence future demand and use, the demand analysis undertaken for this study does not attempt to predict what these future changes might consist of or how they might specifically affect levels of use at Project facilities. Therefore, the demand analysis results should be viewed as a general, data supported projection of potential future recreation pressure developed for planning purposes only.

[bookmark: _Toc343591173][bookmark: _Toc459568553]Recreation Site Capacity

For purposes of this study, the carrying capacity for a recreation site is defined as the number of vehicles and boat trailers that can be parked at a recreation site at one time, based on the number of available parking spaces associated with each site. For paved parking areas, capacity was estimated by counting the number of designated parking spaces available at the recreation site. For gravel parking areas, the number of available parking spaces for each recreation site was estimated by measuring the area (sq. ft.) available for parking and estimating the number of vehicles that could be parked at the location, if optimal space were utilized. These estimates were based on parking capacity standards for vehicle length, width, and available turn around space.

[bookmark: _Toc459568554]Recreation Site Use Density

The use density of recreation sites was estimated by comparing the estimated peak number of vehicles at the sites during a specific time period with the available parking capacity for the recreation sites. Use densities were calculated for the sites at which a survey clerk was present, as the other necessary data input (i.e. initial spot count and average length of stay) was gathered through clerk data and exit interviews. One weekend day and one week day per month was randomly selected from the sampling period for each site at which a clerk performed exit interviews. Recreation capacity should be considered for typical weekday and weekend use in management and site design decisions. Therefore, holidays were not used to estimate recreation site use density as they are regarded as special circumstances, with use levels that are experienced only a few times a year.

Recreation clerk spot count data was used to determine the amount of vehicles occupying spaces at the start of a shift. The total number of vehicles entering a site per hour during a shift was obtained from traffic counters. The average trip length in hours (from survey results) was used to estimate the length of time vehicles were occupying spaces at each site. For example, if the average length of stay was 3 hours, vehicles entering the site at 1:00 pm were assumed to remain at the site and exit at 4:00 pm. Total hourly vehicle counts from the initial spot count and from traffic counters were then estimated for each hour during the selected sample day for each site. The maximum number of vehicles at the site at a given time (peak hour) was then derived from the totals. The maximum number of vehicles was then divided by the parking capacity to provide an estimated use density for each site.

It should be noted that use density should be considered an over-estimate, as traffic counter data also includes those individuals that drive through the site, but do not stay to recreate. Moreover, vehicles observed by clerks performing initial spot counts at the beginning of their shift were assumed to have stayed for the entire average length of stay estimated for the site. Therefore, this should also be considered an over-estimate as these vehicles may have departed soon after the initial count.

An example of how this analysis was performed is shown in Table 5, and explained as follows. Fictitious numbers are used for this explanation. Suppose a recreation site had 250 parking spaces, and survey results show that people using that site spent an average of 3 hours there. Initial spot count data indicated that there were 24 vehicles parked at the site when the clerk arrived. If 56 vehicles arrive from 7:00 to 8:00 AM, 50 arrive from 8:00 AM to 9:00 AM, and 64 arrive from 9:00 AM to 10:00 AM, then the parking area would be at 78 percent capacity until the first vehicle departed around 10:00 AM. If 56 additional vehicles arrive before 10:00 AM, then there may not be enough parking spaces (capacity) to accommodate demand (number of vehicles).

[bookmark: _Toc164489917]


[bookmark: _Ref459377992][bookmark: _Toc460320359]Table 5	Hypothetical Calculation of Estimated Average Demand for Parking Spaces

		Methods

		Example Calculation



		On average, length of time that individuals spend at the recreation site

		Average Length of Stay		3 hours 





		Vehicle counts by hour from spot count and traffic counter for recreation clerk shift



		Initial Spot Count: 24 at 7 AM (assume vehicles stay the 3 hour length of stay)

56 vehicles traffic counter from 7:00 AM to 8:00 AM

50 vehicles traffic counter from 8:00 AM to 9:00 AM

64 vehicles traffic counter from 9:00 AM to 10:00 AM

48 vehicles traffic counter from 10:00 AM to 11:00 AM

62 vehicles traffic counter from 11:00 AM to 12:00 PM

50 vehicles traffic counter from 12:00 PM to 1:00 PM





		Vehicle counts are summed across the average length of stay

		Vehicles at the site from 7:00 AM to 10:00 AM = 24+56+50+64=194

Vehicles at the site from 8:00 AM to 11:00 AM = 50+64+48=162

Vehicles at the site from 9:00 AM to 12:00 PM = 64+48+62=174

Vehicles at the site from 10:00 AM to 1:00 PM = 48+62+50=160

Vehicles at the site from 11:00 AM to 2:00 PM = 62+50+50=162

Vehicles at the site from 12:00 AM to 3:00 PM = 50+50+50=150

Vehicles begin departing at 10:00 AM, resulting in a maximum estimate of 198 vehicles at the recreation site.





		Ratio of maximum vehicles at site to parking capacity

		Site parking capacity = 250 spaces

Maximum vehicles = 194

Capacity at which the site is used = 194/250 = 78%











[bookmark: _Toc459568555][bookmark: _Toc342702523][bookmark: _Toc342704623][bookmark: _Toc342702524][bookmark: _Toc342704624][bookmark: _Toc348622316][bookmark: _Toc348708626][bookmark: _Toc348708701][bookmark: _Toc348708776][bookmark: _Toc348708851]Recreation Needs Assessment

The need for recreation and site development or modification of existing recreation resources will be assessed based on the inventory, condition, capacity, and exit interview survey results. The needs assessment will focus on the existing condition and user opinions of recreation sites, whether a particular site provides "barrier free" access, and the ability of sites to meet current and anticipated future recreation demand pressures. Consideration will also be given to site opportunities and constraints, as well as support facilities such as signage and maintenance. The need for new recreational sites and facilities will be determined through assessment of the information collected and summarized within this report and the input of stakeholders on the Recreation and Lake & Land Management RCG. Final protection mitigation and enhancement measures relating to recreation resources will be included in a Settlement Agreement and proposed Recreation Management Plan.







[bookmark: _Toc343591177]
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[bookmark: _Toc459568556]RECREATION RESOURCES

[bookmark: _Toc343591178][bookmark: _Toc343798179]This section provides an overview of regional recreational resources available in the Project vicinity. Additionally, detailed information is summarized regarding the recreation facilities located at Parr and Monticello reservoirs included in this study.

[bookmark: _Toc459568557]Regional Recreation Resources

The Project is located within Newberry and Fairfield Counties and situated in the Piedmont Region of South Carolina. The Piedmont Region is the largest geographic region in the State and is home to Kings Mountain National Military Park, Sumter National Forest, and major tourist attractions such as Lake Keowee, Lake Hartwell, Lake Wylie, the Catawba River, and the Saluda River (StudySC.org, 2014). The Project is not located on a designated wild and scenic river segment. In addition, no Project lands are being considered for inclusion in the National Trails System or as a Wilderness Area.

Regionally and nationally recognized recreation opportunities within the Project vicinity include Dreher Island State Park, Chester State Park, Kings Mountain National Military Park, Sumter National Forest, Lake Greenwood State Park, and Lake Wateree State Park. These areas provide opportunities for hunting, boating, fishing, hiking, picnicking, swimming, and camping in the Project vicinity (StudySC.org, 2014).

Sumter National Forest is a 371,000-acre national forest providing walking, riding, and camping opportunities. Lake Greenwood State Park provides access to the 11,400-acre Lake Greenwood along the southwestern border of Newberry County with several miles of shoreline and public access. Lake Wateree State Park is a 72-acre state park containing outdoor and water-oriented facilities, a campground, picnic areas, and a boat ramp. Lynch’s Woods Park is a 260-acre woodland area in the city of Newberry which has 7.5 miles of hiking and biking trails, 3.5 miles of equestrian trails, a primitive camp site, and picnic tables. Lake Monticello Park is a 25-acre park containing tennis courts, ball field, basketball court, picnic facilities, fishing pier, and walking trail.

Lake Murray is a 79.5 square-mile hydropower reservoir located in Newberry, Saluda, Lexington and Richland Counties. Lake Murray supports numerous on-water recreation opportunities through 15 public access sites situated around the reservoir. Lake Murray also hosts several national and local fishing tournaments. The lower Saluda River, which extends 10 miles downstream of the Lake Murray Dam, supports an active recreational fishery and provides a variety of paddling experiences, from flatwater to whitewater.

Fairfield and Newberry Counties encompass several municipal recreation areas. Fairfield County has 16 public parks and recreation facilities encompassing approximately 90 acres, and Newberry County has 45 public parks and recreation facilities encompassing more than 530 acres. These facilities (Table 6) provide the following amenities: playgrounds, picnic areas, softball fields, horseback riding, hand-carried and trailered boat launches, basketball courts, swimming pools, birding and wildlife watching opportunities, and multi-use trails that support hiking.

[bookmark: _bookmark3][bookmark: _Ref459378051][bookmark: _Toc460320360]Table 6	Recreation Facilities in Fairfield and Newberry Counties

		Fairfield County

		Newberry County



		Lake Monticello

		Brick House Recreation Area



		Feasterville Mini Park

		Broad River Canoe Access



		Mitford Mini Park

		Cannon's Creek Public Access Area



		Sheldon Mini Park

		Dreher Island State Park



		Eunice Shelton Trail

		Heller’s Creek Access Area



		Adger Park

		Little Mountain Reunion Park



		Blair Park/Willie Lee Recreation Center

		Lynch's Woods Park



		Garden St. Park

		Peak-to-Prosperity Rail Trail



		Middle Six Mini Park

		Wells Japanese Garden



		Chappelltown Mini Park

		Little Mountain Explorer Bicycling Route



		Centerville Mini Park

		



		Horeb Glenn Park

		



		Alton Trail

		



		Fortunes Spring Park

		









The South Carolina State Comprehensive Outdoor Recreation Plan (SCORP) provides information on the supply and demand for outdoor recreation facilities in South Carolina, creates policies for meeting that demand, and to qualify South Carolina for funding from the federal Land and Water Conservation Fund (LWCF) for acquiring or developing lands for public outdoor recreation (SCPRT 2008). The SCORP offers no recommendations specific to the Project, but the recreation goals outlined in the SCORP may be applied by governments at the state, county, or municipal levels, including Newberry and Fairfield Counties and the city of Newberry. The following goals of the SCORP may be relevant to the Project: promote the state’s tourist attractions; provide for the preservation and perpetuation of South Carolina’s rich historical heritage; lease or convey lands to local governments for parks and recreation facilities; and, study the state’s park and outdoor recreational resources and facilities, the current and projected needs for these resources, and the extent to which these needs are being met (SCPRT, 2008).

[bookmark: _Toc459568558]Project Area Recreation Resources

SCE&G permits public use of the Project land and waters for recreation. Monticello and Parr Reservoirs are popular recreational sites in western Fairfield County. SCE&G maintains eight public access sites on Monticello and Parr reservoirs that are considered Project recreational facilities.  Many of these sites accommodate ADA compliant parking, with barrier free fishing access being provided at one Monticello Reservoir site.  Sites are not regularly staffed, but are frequented by managing personnel and/or law enforcement to check on site and safety conditions. Table 7 lists recreation sites and associated facilities provided at these sites at Monticello and Parr Reservoirs. The location of these sites are shown in Figure 1.

On the Monticello Reservoir, Project recreation access sites include the Scenic Overlook, the Highway 215 Boat Ramp, the Highway 99 Public Access Area, the Recreation Lake Access Area, and the Highway 99 Informal Fishing Area. Monticello Reservoir recreation sites provide boating and fishing access and scenic viewing opportunities. The Scenic Overlook is managed in conjunction with the Fairfield County Recreation Commission, and includes a multiple-use recreational area at Monticello Reservoir, that includes a scenic overlook, baseball field, tennis courts, basketball court, picnic facilities, and fishing facilities that provide barrier free access. The Highway 99 Informal Fishing Area is available for bank fishing only.

On the Parr Reservoir, three boat launch access facilities are provided by SCE&G. Cannon’s Creek and Heller’s Creek provide boat launches, courtesy docks, and picnic facilities. The Highway 34 Primitive Ramp provides primitive boat access to the upper portions of Parr Reservoir. Additionally, two waterfowl management areas, the Broad River and the Enoree River waterfowl areas were included in this study. These facilities provide public waterfowl hunting access and are under management jurisdiction of SCDNR under its WMA Program. These waterfowl areas are located within the Project boundary adjacent to the Parr Reservoir (Broad River Waterfowl Sub-impoundment) and the Enoree River (Enoree River Waterfowl Sub-impoundment). The RCG also requested that the study include collecting use information for the Enoree River Bridge Informal Access area which is located outside of the Project boundary, on U.S. Forest Service lands.





[bookmark: _Ref459378122][bookmark: _Toc460320361]Table 7	Public Recreation Site Inventory Summary for Monticello and Parr Reservoirs

		Site Name

		Acres

		Fee

		Picnicking

		# Shelters

		# of Tables

		# of Grills

		Trail Length (Mi)

		Camping

		Swimming

		Bank Fishing

		Dock Fishing

		# Ramps

		# Docks

		Parking Spaces

		Restrooms

		Playground and Sport Facilities

		Owned by SCE&G

		Operated by SCE&G

		Leased to Other Entity



		Monticello Reservoir

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Scenic Overlook

		 

		

		

		5

		12

		 

		1

		

		

		

		

		 

		1

		100

		

		

		

		Partial

		Partial



		Highway 215 Boat Ramp

		 

		

		

		1

		2

		 

		 

		 

		 

		

		

		2

		1

		30

		

		 

		

		

		 



		Highway 99 Public Access Area

		 

		 

		

		2

		5

		1

		 

		

		 

		

		

		3

		1

		80

		

		 

		

		

		 



		Recreation Lake Access Area

		 

		 

		

		2

		26

		7

		0.3

		

		

		

		

		1

		 

		105

		

		 

		

		

		 



		Highway 99 Informal Fishing Area

		

		

		

		

		

		

		

		

		

		

		

		

		

		20

		

		

		

		

		



		TOTALS

		 

		 

		 

		10

		45

		8

		1.3

		 

		 

		

		

		6

		3

		335

		

		

		

		

		 



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Parr Reservoir

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Cannon’s Creek Public Access Area

		 

		 

		

		2

		2

		1

		 

		

		

		

		 

		1

		

		30

		

		 

		

		

		



		Heller’s Creek Public Access Area

		 

		 

		

		2

		2

		 

		 

		

		 

		

		 

		1

		 

		25

		

		 

		

		

		 



		Highway 34 Primitive Ramp

		 

		 

		

		 

		 

		 

		 

		

		 

		

		 

		1

		 

		5

		 

		 

		

		

		 



		TOTALS

		 

		 

		

		4

		4

		1

		0.5

		 

		 

		

		

		3

		

		60
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[bookmark: _Toc459568559]Project Recreation Facilities - Monticello Reservoir

Scenic Overlook

[image: ]

[bookmark: _Ref457227366][bookmark: _Toc432246030][bookmark: _Toc459388989]Photo 1	Scenic Overlook



Scenic Overlook Park (Photo 1) is located on the eastern shore of the reservoir and can be accessed from Highway 215. This is a day use site, managed in conjunction with Fairfield County. The site is designed primarily for swimming, barrier-free dock fishing, bank fishing, and picnicking. The site provides parking for up to 100 vehicles. The facility also offers 5 picnic shelters, 12 picnic tables, restrooms, a playground area, and a 1-mile-long hiking trail. The site is unstaffed and free to visitors year round.

Based on a scale of 1 to 5, with 5 being excellent, 2015 exit interview survey respondents rated the overall site condition of the Scenic Overlook Park as 4.42.

Highway 215 Boat Ramp

[image: C:\Users\Jared Porter\Desktop\Hwy215 Boat Ramp.jpg]

[bookmark: _Ref457223744][bookmark: _Toc459388990]Photo 2	Highway 215 Boat Ramp

The Highway 215 Boat Ramp (Photo 2) is located on the eastern side of the reservoir, off of Highway 215. The site is primarily used as a boat launch, and offers a dock and two boat ramps. There are 30 parking spaces for vehicles with trailers. The site also provides a picnic shelter with two tables. There are no restrooms at the site. The site is unstaffed, and use of the boat ramp is free to visitors year round.

Based on a scale of 1 to 5, with 5 being excellent, 2015 exit interview survey respondents rated the overall site condition of the Highway 215 Boat Ramp as 4.44.

Highway 99 Public Access Area

[image: ]

[bookmark: _Ref457223804][bookmark: _Toc459388991]Photo 3	Highway 99 Public Access Area



The Highway 99 Public Access Area (Photo 3) is a medium sized recreation area that is open for both day use and primitive tent camping. It is located on the northern side of the reservoir off of Highway 99. The site is primarily used as a boat launch, and also provides opportunities for primitive tent camping, picnicking, bank fishing, and boating. The site offers three boat ramps and one dock, as well as 80 parking spaces for vehicles with trailers. The site also provides restrooms, two picnic shelters, five picnic tables, and one grill. The area is unstaffed and access is free to visitors year round.

Based on a scale of 1 to 5, with 5 being excellent, 2015 exit interview survey respondents rated the overall site condition of the Highway 99 Public Access Area as 4.17.





Recreation Lake Access Area

[image: ]

[bookmark: _Ref457223841][bookmark: _Toc459388992]Photo 4	Recreation Lake Access Area



The Recreation Lake Access Area (Photo 4) is adjacent to Lake Monticello, off of Highway 99. The site provides a boat launch that is open year-round and a beach area that is open from April 1 to September 30. The site provides a total of 2 picnic shelters, 26 tables, and 7 grills. There is a 0.3-mile-long hiking trail at the beach area, as well. The beach area provides a gravel parking area for approximately 95 vehicles. The boat launch provides parking for up to 10 vehicles with trailers. Restrooms are provided at both the beach area and the boat launch. Both areas are unstaffed and free to visitors.

Based on a scale of 1 to 5, with 5 being excellent, the average survey response rating the overall condition of the site was 4.0.

Hwy 99 informal Fishing Area

[image: ]

[bookmark: _Ref457223890][bookmark: _Toc459388993]Photo 5	Highway 99 Informal Fishing Area



The Highway 99 Informal Fishing Area (Photo 5) is located on the north side of the reservoir, off of Highway 99. This small, day use recreation site is primarily designed for bank fishing. Swimming is prohibited at this site and there are no tables or other amenities. The site provides parking for up to 20 vehicles, as well as shoreline access for bank fishing. There are no fees at this site and it is open year round to visitors.

Based on a scale of 1 to 5, with 5 being excellent, 2015 exit interview survey respondents rated the overall site condition of the Highway 99 Informal Fishing Area as 4.24.

[bookmark: _Toc459568560]Project Recreation Facilities - Parr Reservoir

Cannon's Creek Public Access Area

[image: C:\Users\Jared Porter\Desktop\Cannons.jpg]

[bookmark: _Ref457223919][bookmark: _Toc459388994]Photo 6	Cannon’s Creek Public Access Area



Cannon’s Creek Public Access Area (Photo 6) is located on the western side of Parr Reservoir off of Broad River Road. This site provides one boat launch, as well as amenities that include two shelters, two tables, a grill, and restrooms. There are parking spaces for up to 30 vehicles with trailers. Primitive camping is allowed at this site.

Based on a scale of 1 to 5, with 5 being excellent, 2015 exit interview survey respondents rated the overall site condition of this site as 3.95.




Heller's Creek Public Access Area

[image: C:\Users\Jared Porter\Desktop\Hellers.jpg]

[bookmark: _Ref457223978][bookmark: _Toc459388995]Photo 7	Heller’s Creek Public Access Area



Heller’s Creek Public Access Area (Photo 7) is located on the western side of Parr reservoir, off of Broad River Road. This site provides one boat launch, as well as amenities that include two picnic shelters, two tables, and restrooms. There are parking spaces for up to 25 vehicles with trailers. Primitive camping is allowed at this site. The site is unstaffed and open year round to visitors with no fees required.

Based on a scale of 1 to 5, with 5 being excellent, 2015 exit interview survey respondents rated the overall site condition of this site as 3.81.

Highway 34 Primitive Ramp

[image: ]

[bookmark: _Ref457224012][bookmark: _Toc459388996]Photo 8	Highway 34 Primitive Ramp



The Highway 34 Primitive Ramp (Photo 8) provides a gravel/earthen boat ramp and parking for up to five vehicles. The site provides boaters and shoreline anglers with access to the Broad River at the upper end of Parr Reservoir. Primitive camping is also permitted at the site. There are no fees at this site and it is open year round.

A site condition rating is not available for the Highway 34 Primitive Ramp, as exit interviews were not conducted at this site.

Broad River Waterfowl Management Area

The Broad River Waterfowl Management Area is a Category I waterfowl area, meaning hunts are conducted on selected Saturdays during the waterfowl season, with hunters having been selected by the SCDNR through a lottery system. This site is closed to the public during waterfowl season, and it is open to the public from February 2 through October 31. Recreation opportunities outside of waterfowl season include bird watching, bank fishing, deer hunting, and small game hunting.

Enoree River Waterfowl Management Area

The Enoree River Waterfowl Management Area is a category II hunting area, meaning it is open to the general public for waterfowl hunting. Waterfowl hunting is permitted on Saturdays until 12 p.m. during the hunting season. Outside of the waterfowl season, the area is open to visitors for activities including bird watching, deer hunting, and small game hunting.

[bookmark: _Toc459568561]Non-Project Access Areas

Enoree River Bridge Informal Access Area

[image: \\kleinschmidtusa.com\Condor\Jobs\455\094\Photos\Traffic Counter Photos\20151218_142959.jpg]

[bookmark: _Toc459388997]Photo 9	Enoree River Bridge Informal Access Area






At the request of the RCG, a traffic counter was placed at the Enoree River Bridge Informal Access Area. This area is located on U.S. Forest Service lands, outside of the Project boundary. The Project boundary extends to the high water mark in the vicinity of this access area. This site provides a primitive ramp, used primarily for small watercraft access to the Enoree River.
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[bookmark: _Toc459568562][bookmark: _Toc343591183]CHARACTERIZATION OF EXISTING RECREATION USE

The following sections characterize the existing recreation use at public access sites on Monticello Reservoir and Parr Reservoir during the study season. This section summarizes visitor characteristics at the recreation sites, as well as the patterns of recreational use at the sites including type of recreation activity.

[bookmark: _Toc459568563]Public Access Site Users

Knowledge of who is using Project sites and why they are using them can be useful in understanding future needs and how best to accommodate them. In this section, the characteristics of public access site users and their reasons for recreating at the Project are described.

[bookmark: _Toc459568564]Monticello Reservoir

Of the individuals interviewed at Monticello Reservoir sites, the majority were male (72 percent) and the average age was 48. Almost all of the visitors were from South Carolina (97 percent) with a large representation from the surrounding four (Fairfield, Lexington, Newberry and Richland) counties and the Columbia area (18 percent). Of those respondents interviewed, less than 2 percent indicated they owned a permanent or seasonal lakefront residence on Monticello.

In terms of why visitors chose to recreate at Monticello Reservoir, 17 percent indicated it was close to home, 15 percent indicated they visited the site to go fishing, and others indicated that the easy access and facilities were a motivating factor for recreating at the Reservoir. In addition, many visitors stated that it provided a place to recreate with friends and family.

Table 8 provides a summary of visitor characteristics at the recreation sites where visitor interviews were conducted. The average party size of visitors interviewed at Monticello sites was 2.7 visitors, with 2.3 being the average number of people in a vehicle when visiting the sites. The average length of stay was about 3 hours 20 minutes, with the Scenic Overlook having the shortest length of stay per visit and the two boat ramp access areas having the longest, at 5 hours for the average length of stay.




[bookmark: _Ref459378380][bookmark: _Toc460320362]Table 8	Summary of Visitor Characteristics at Monticello Reservoir Sites

		Site Name

		

		Age

		Number of People in Vehicle

		Party Size

		Length of Stay



		Scenic Overlook 

		Mean

		47

		2.59

		3.06

		0:56:48



		

		Median

		49

		2.00

		2.00

		0:15:00



		

		N

		131

		93

		132

		132



		Highway 215 Boat Ramp

		Mean

		51

		2.23

		2.26

		4:50:36



		

		Median

		53

		2.00

		2.00

		4:26:00



		

		N

		134

		107

		134

		133



		Highway 99 Boat Ramp

		Mean

		48

		2.05

		2.69

		4:53:34



		

		Median

		49

		2.00

		3.00

		4:05:30



		

		N

		99

		55

		106

		106



		Recreation Lake Access Area

		Mean

		41

		2.05

		3.03

		2:33:30



		

		Median

		42

		2.00

		3.00

		2:35:00



		

		N

		53

		20

		61

		61



		Highway 99 Informal Fishing Area  

		Mean

		45

		2.50

		2.71

		2:59:45



		

		Median

		45

		2.00

		3.00

		0:30:00



		

		N

		17

		10

		21

		21



		Total

		Mean

		48

		2.31

		2.72

		3:19:34



		

		Median

		49

		2.00

		2.00

		2:40:00



		

		N

		434

		285

		454

		453









[bookmark: _Toc459568565]Parr Reservoir

The average age of the individuals interviewed at the Parr Reservoir sites was 43 and 89 percent were male. Of those respondents interviewed, less than 2 percent indicated they owned a permanent or seasonal lakefront residence on Parr Reservoir. All except for one visitor interviewed were from South Carolina with a large representation from Newberry County (over 75 percent) and from the Columbia area (12 percent).

In terms of why visitors chose to recreate at Parr Reservoir, the majority of those individuals interviewed indicated good fishing (52 percent). Others indicated that they selected the site because it was not crowded, had easy access, and that the site was close to home. The average party size was 2.3 visitors, with the average number of people in a vehicle when visiting the sites of 2.1 people. The average length of stay was about 3 hours 30 minutes. Table 9 provides a summary of visitor characteristics at the recreation sites where visitor interviews were conducted.

[bookmark: _Ref459378423][bookmark: _Toc460320363]Table 9	Summary of Visitor Characteristics at Parr Reservoir Sites

		Site Name

		

		Age

		Number of People in Vehicle

		Party Size

		Length of Stay



		Cannon's Creek Public Access Area

		Mean

		44

		2.19

		2.46

		3:13:55



		

		Median

		41

		2.00

		2.00

		3:10:00



		

		N

		139

		124

		147

		148



		Heller’s Creek Public Access Area

		Mean

		42

		2.08

		2.09

		3:58:06



		

		Median

		39

		2.00

		2.00

		3:50:00



		

		N

		77

		76

		80

		80



		Total

		Mean

		43

		2.15

		2.33

		3:29:25



		

		Median

		41

		2.00

		2.00

		3:31:30



		

		N

		216

		200

		227

		228









[bookmark: _Toc459568566]Current Use

Recreation use estimates and identification of recreation activities are provided below for the Project, followed by total and site-specific estimates for the Monticello Reservoir and the Parr Reservoir.

[bookmark: _Toc459568567]Project

During the April through September 2015 recreation season, recreation site visitation at the Project was estimated at a total of 152,709 recreation days. About 52 percent of the total use occurred on weekdays, and 38 percent on weekends and 10 percent on holidays. The greatest amount of use occurred during May (23 percent) followed by June (19 percent) and July (18 percent) during this period. Monticello Reservoir sites received the greatest use of the developments at 126,525 recreation days (83 percent of the total use) and Parr Reservoir sites received 26,184 recreation days during this period. See Table 10 for the summary of the recreation visitation by reservoir and day type during the 2015 study period.




[bookmark: _Ref459378463][bookmark: _Toc460320364]Table 10	Estimated Recreation Days for Monticello Reservoir 
and Parr Reservoir Sites

		

		Monticello Reservoir Sites

		Parr Reservoir Sites

		Total



		April

		                    18,318 

		                 4,217 

		            22,535 



		Weekdays

		                    11,503 

		                 2,703 

		            14,206



		Weekends

		                     6,815 

		                 1,514 

		              8,329 



		Holidays

		                          -   

		                      -   

		                   -   



		May

		                    29,267 

		                 6,018 

		            35,284 



		Weekdays

		                    10,895 

		                 2,799 

		            13,695 



		Weekends

		                    11,975 

		                 2,232 

		            14,208 



		Holidays

		                     6,396 

		                    986 

		              7,382 



		June

		                    23,992 

		                 4,645 

		            28,636 



		Weekdays

		                    12,216 

		                 3,031 

		            15,247 



		Weekends

		                    11,776 

		                 1,614 

		            13,390 



		Holidays

		                          -   

		                      -   

		                   -   



		July

		                    23,721 

		                 4,191 

		            27,912 



		Weekdays

		                    12,571 

		                 2,417 

		            14,988 



		Weekends

		                     6,776 

		                 1,195 

		              7,971 



		Holidays

		                     4,374 

		                    579 

		              4,953 



		August

		                    17,463 

		                 4,103 

		            21,566 



		Weekdays

		                     9,481 

		                 2,169 

		            11,650 



		Weekends

		                     7,983 

		                 1,934 

		              9,916 



		Holidays

		                          -   

		                      -   

		                   -   



		September

		                    13,765 

		                 3,010 

		            16,775 



		Weekdays

		                     8,042 

		                 1,763 

		              9,805 



		Weekends

		                     2,810 

		                    775 

		              3,585 



		Holidays

		                     2,913 

		                    472 

		              3,386 



		Total

		

		

		



		Weekdays

		                    64,707 

		                14,883 

		            79,590 



		Weekends

		                    48,135 

		                 9,263 

		            57,398 



		Holidays

		                    13,683 

		                 2,038 

		            15,721 



		TOTAL

		                  126,525 

		                26,184 

		          152,709 












[bookmark: _Toc459568568]Monticello Reservoir

[bookmark: _Ref457224178]Overall, the public recreation sites at Monticello Reservoir supported an estimated 126,525 recreation days during the study period (Table 11). The most used site was the Scenic Overlook (30 percent of total use at Monticello Reservoir sites and 37,384 recreation days), followed by the Highway 99 Informal Fishing Area (21 percent of total use). The Recreation Lake Access Area (17 percent of total use) and the Highway 215 Boat Ramp (17 percent of total use) and the Highway 99 Boat Ramp (15 percent of total use) received fairly equal amounts of use across the recreation season. About 51 percent of the total use occurred on weekdays, about 38 percent on weekends and the remaining 11 percent on holidays. The month of May received the greatest use at 23 percent of the total use during the recreation study season, following by June (19 percent) and July (19 percent).



[bookmark: _Ref459378703][bookmark: _Toc460320365]Table 11	Estimated Recreation Days for Monticello Reservoir Sites

		

		Scenic Overlook 

		Highway 215 Boat Ramp 

		Highway 99 Boat Ramp

		Recreation Lake Access Area

		Highway 99 Informal Fishing Area

		Total



		April

		

		

		

		

		

		             18,318 



		Weekdays

		               3,362 

		               2,110 

		               1,894 

		                  947 

		                       3,190 

		             11,503 



		Weekends

		               2,051 

		               1,249 

		               1,246 

		                  689 

		                       1,580 

		               6,815 



		Holidays

		                     -   

		                     -   

		

		

		                             -   

		                     -   



		May

		

		

		

		

		

		             29,267 



		Weekdays

		               3,108 

		               2,185 

		               1,763 

		               1,189 

		                       2,650 

		             10,895 



		Weekends

		               3,730 

		               2,105 

		               1,968 

		               2,312 

		                       1,860 

		             11,975 



		Holidays

		               1,756 

		               1,244 

		                  990 

		               1,581 

		                          825 

		               6,396 



		June

		

		

		

		

		

		             23,992 



		Weekdays

		               3,362 

		               1,864 

		               1,759 

		               2,481 

		                       2,750 

		             12,216 



		Weekends

		               3,750 

		               1,766 

		               1,689 

		               3,050 

		                       1,520 

		             11,776 



		Holidays

		                     -   

		                     -   

		                     -   

		                     -   

		                             -   

		                     -   



		July

		

		

		

		

		

		             23,721 



		Weekdays

		               3,476 

		               2,011 

		               1,939 

		               2,120 

		                       3,025 

		             12,571 



		Weekends

		               1,958 

		               1,231 

		                  972 

		               1,820 

		                          795 

		               6,776 



		Holidays

		               1,368 

		                  549 

		                  640 

		               1,285 

		                          533 

		               4,374 



		August

		

		

		

		

		

		             17,463 



		Weekdays

		               2,883 

		               1,639 

		               1,248 

		               1,033 

		                       2,678 

		               9,481 



		Weekends

		               2,253 

		               1,539 

		               1,271 

		               1,620 

		                       1,300 

		               7,983 



		Holidays

		

		                     -   

		                     -   

		                     -   

		                             -   

		                     -   



		September

		

		

		

		

		

		             13,765 



		Weekdays

		               2,448 

		               1,218 

		                  947 

		               1,119 

		                       2,310 

		               8,042 



		Weekends

		                  901 

		                  482 

		                  615 

		                  197 

		                          615 

		               2,810 



		Holidays

		                  979 

		                  468 

		                  406 

		                  603 

		                          458 

		               2,913 



		Total

		

		

		

		

		

		



		Weekdays

		             18,638 

		             11,027 

		               9,551 

		               8,889 

		                     16,603 

		             64,707 



		Weekends

		             14,644 

		               8,371 

		               7,761 

		               9,688 

		                       7,670 

		             48,135 



		Holidays

		               4,103 

		               2,261 

		               2,036 

		               3,469 

		                       1,815 

		             13,683 



		TOTAL

		             37,384 

		             21,660 

		             19,348 

		             22,046 

		                     26,088 

		           126,525 
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The primary recreation activities on Monticello Reservoir included boat fishing (42 percent), following by bank fishing, pier/dock fishing and swimming (Table 12). Visitors also indicated they participated in other activities while at the reservoir in addition to their primary activities, these included picnicking, sunbathing, sightseeing, and walking. In terms of the activity by day-type, visitors interviewed indicated participation in similar type of activities during weekdays and weekend periods. For holidays, visitors reported some increased activities for canoeing and kayaking, as compared to the non-holiday periods.

[bookmark: _Ref459378785][bookmark: _Toc460320366]Table 12	Primary Activities at Monticello Reservoir

		Activity

		Day Type

		Total



		

		Weekday

		Weekend

		Holiday

		



		Boat Fishing

		42%

		43%

		34%

		42%



		Pier/Dock Fishing

		13%

		11%

		9%

		11%



		Bank Fishing

		14%

		20%

		16%

		18%



		Motor Boating

		3%

		1%

		0%

		2%



		Pontoon/Party Boating

		0%

		0%

		0%

		0%



		Sailing

		1%

		0%

		0%

		0%



		Canoeing/Kayaking

		0%

		1%

		11%

		2%



		Windsurfing

		1%

		0%

		0%

		0%



		Paddleboarding

		0%

		0%

		2%

		0%



		Bicycling

		0%

		0%

		0%

		0%



		Tent/Vehicle Camping

		2%

		5%

		2%

		4%



		Walking/Hiking/Backpacking

		2%

		1%

		5%

		1%



		Sightseeing

		5%

		3%

		2%

		4%



		Hunting

		0%

		0%

		2%

		0%



		Swimming

		10%

		6%

		14%

		8%



		Picnicking

		3%

		5%

		2%

		4%



		Sunbathing

		1%

		1%

		0%

		1%



		Other

		3%

		2%

		0%

		2%



		Total

		100%

		100%

		100%

		100%



		N

		127

		282

		44

		453









About 54 percent of exit interview respondents indicated they spent time on Monticello Reservoir and about 15 percent indicated they recreated on Monticello Reservoir Islands. Of those respondents that recreated on the islands, the primary activity was bank fishing on the islands at 53 percent followed by camping on the islands at 38 percent (see Table 13).



[bookmark: _Ref459379267][bookmark: _Toc460320367]Table 13	Primary Activities at Monticello Reservoir Islands

		Activity

		Day Type

		Total



		

		Weekday

		Weekend

		Holiday

		



		Island Sunbathing

		0%

		20%

		0%

		13%



		Island Bank Fishing

		43%

		70%

		0%

		53%



		Island Hunting

		0%

		10%

		40%

		13%



		Island Camping

		43%

		45%

		0%

		38%



		Island Walking/Hiking

		0%

		15%

		20%

		13%



		Island Sightseeing

		14%

		30%

		0%

		22%



		Island Nature Study/Wildlife Viewing/Photography

		14%

		20%

		20%

		19%



		Island Swimming

		29%

		30%

		40%

		31%



		Island Picnicking

		14%

		20%

		20%

		19%



		Total

		100%

		100%

		100%

		100%



		N

		7

		20

		5

		32









In addition to data collected during the primary recreation season (April 1 through September 7), recreation use data was collected at the Monticello Reservoir sites during early crappie fishing season (February 1 through March 31, 2016). Table 14 summarizes recreation use at each site. The Highway 99 Informal Fishing Area site visitation was estimated at the greatest use; at about 36 percent, following by the Scenic Overlook at 25 percent of the total use during this period. Weekdays during March comprised the most use with 45 percent of the total estimated use during this period.
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[bookmark: _Ref459379410][bookmark: _Toc460320368]Table 14	Monticello Reservoir Recreation Use During Early Crappie Season, 2016

		

		Scenic Overlook 

		Highway 215 Boat Ramp 

		Highway 99 Boat Ramp

		Recreation Lake Access Area

		Highway 99 Informal Fishing Area

		Total



		February

		

		

		

		

		

		



		Weekdays

		               1,360 

		               1,030 

		                  646 

		                  215 

		                       2,940 

		               6,191 



		Weekends

		                  767 

		                  785 

		                  656 

		                  180 

		                          860 

		               3,248 



		Holidays

		                     -   

		                     -   

		                     -   

		                     -   

		                             -   

		                     -   



		March

		

		

		

		

		

		



		Weekdays

		               2,919 

		               2,103 

		               2,027 

		                  660 

		                       4,313 

		             12,022 



		Weekends

		               1,595 

		                  981 

		               1,033 

		                  344 

		                       1,480 

		               5,434 



		Holidays

		                     -   

		                     -   

		                     -   

		                     -   

		                             -   

		                     -   



		TOTAL

		               6,641 

		               4,899 

		               4,362 

		               1,400 

		                       9,593 

		             26,895 
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[bookmark: _Toc459568569]Parr Reservoir

[bookmark: _Ref457224325]The public recreation sites at Parr Reservoir supported an estimated 26,184 recreation days during the study period (Table 15). The most used sites were the Cannon’s Creek Public Access Area (14,452 recreation days and 55 percent of the total use at the Parr Reservoir sites), followed by Heller’s Creek Public Access Area (29 percent), and Highway 34 Primitive Ramp (16 percent). About 57 percent of the total use occurred on weekdays, about 35 percent on weekends and the remaining 8 percent on holidays. The month of May received the greatest use at 23 percent of the total use during the recreation study season, following by June (18 percent), April (16 percent), July (16 percent) and August (16 percent).




[bookmark: _Ref459379507][bookmark: _Toc460320369]Table 15	Estimated Recreation Days for Parr Reservoir Sites

		

		Cannon's Creek Public Access Area

		Heller’s Creek Public Access Area

		Highway 34 Primitive Ramp

		Total



		April

		

		

		

		4,217



		Weekdays

		1,638

		686

		378

		2,703



		Weekends

		823

		433

		258

		1,514



		Holidays

		- 

		- 

		-

		-



		May

		

		

		

		6,018



		Weekdays

		1,621

		749

		430

		2,799



		Weekends

		1,121

		716

		396

		2,232



		Holidays

		519

		312

		155

		986



		June

		

		

		

		4,645



		Weekdays

		1,734

		824

		473

		3,031



		Weekends

		806

		532

		275

		1,614



		Holidays

		-

		- 

		-

		-



		July

		

		

		

		4,191



		Weekdays

		1,349

		595

		473

		2,417



		Weekends

		526

		437

		232

		1,195



		Holidays

		302

		200

		77

		579



		August

		

		

		

		4,103



		Weekdays

		1,242

		612

		316

		2,169



		Weekends

		1,029

		603

		301

		1,934



		Holidays

		-

		-

		-

		-



		September

		

		

		

		3,010



		Weekdays

		1,012

		480

		271

		1,763



		Weekends

		434

		212

		129

		775



		Holidays

		296

		112

		65

		472



		Total

		

		

		

		



		Weekdays

		8,596

		3,946

		2,341

		14,883 



		Weekends

		4,739

		2,933

		1,591

		9,263



		Holidays

		1,117

		624

		297

		2,038



		TOTAL

		14,452

		7,503

		4,229

		26,184










The predominant recreation activity on Parr Reservoir was boat fishing (75 percent), followed by bank fishing at 12 percent of visitors indicating this as their primary recreation activity (Table 16). Other secondary activities reported included tent/vehicle camping, sightseeing and pier/dock fishing. In terms of the activity by day-type, visitors interviewed indicated participation in similar type of activities during weekdays and weekend periods. For holidays, visitors reported some increased activities for tent/vehicle camping, as compared to the non-holiday periods.

[bookmark: _Ref459379967][bookmark: _Toc460320370]Table 16	Primary Activities at Parr Reservoir Sites

		Activity

		Day Type

		Total



		

		Weekday

		Weekend

		Holiday

		



		Boat Fishing

		85%

		73%

		64%

		75%



		Pier/Dock Fishing

		2%

		2%

		0%

		2%



		Bank Fishing

		8%

		15%

		11%

		12%



		Motor Boating

		0%

		0%

		3%

		0%



		Canoeing/Kayaking

		0%

		2%

		0%

		1%



		Tent/Vehicle Camping

		0%

		5%

		11%

		5%



		Sightseeing

		2%

		2%

		3%

		2%



		Hunting

		0%

		0%

		3%

		0%



		Swimming

		0%

		0%

		3%

		0%



		Picnicking

		0%

		1%

		0%

		0%



		Other

		2%

		0%

		3%

		1%



		None

		2%

		0%

		0%

		0%



		Total

		100%

		100%

		100%

		100%



		N

		61

		130

		36

		227









[bookmark: _Toc459568570]Non-Project Recreation Sites:  Enoree River Bridge Informal Access Area

In addition to the Project public access sites, the recreation visitation was collected at the Enoree River Bridge Informal Access Area. Visitation was estimated through vehicle counters, and no interviews were conducted at this non-Project facility. For the use estimates, the vehicle counts were estimated and then the average rating of 2.15 people per vehicle was applied based on the average visitor use estimates at Cannon’s and Heller’s Creek Public Access Areas. The total estimated recreation use during the study season (April through September) was estimated at 1,342 visitor days with 69 percent of this use occurring during weekdays, 27 percent during weekends and the remaining use during holiday periods. April had the greatest visitation with 370 recreation days at 28 percent, followed by May (17 percent), June (16 percent) and September (16 percent) of the total use during the study period (Table 17).

[bookmark: _Ref459380171][bookmark: _Toc460320371]Table 17	Estimated Recreation Days for Non-Project Sites – 
Enoree River Bridge Informal Access Area

		

		Enoree Bridge 



		April

		                        370 



		Weekdays

		                                    284 



		Weekends

		                                      86 



		Holidays

		                                        -   



		May

		                        234 



		Weekdays

		                                    129 



		Weekends

		                                      86 



		Holidays

		                                      19 



		June

		                         211 



		Weekdays

		                                    142 



		Weekends

		                                      69 



		Holidays

		                                        -   



		July

		                         181 



		Weekdays

		                                    142 



		Weekends

		                                      26 



		Holidays

		                                      13 



		August

		                        133 



		Weekdays

		                                      90 



		Weekends

		                                      43 



		Holidays

		                                        -   



		September

		                        213 



		Weekdays

		                                    135 



		Weekends

		                                      52 



		Holidays

		                                      26 



		Total

		



		Weekdays

		                        922 



		Weekends

		                        361 



		Holidays

		                          58 



		TOTAL

		                     1,342 









[bookmark: _Toc459568571]Waterfowl Management Areas

Waterfowl hunting remains an important recreation activity at the Project and was identified as a primary goal (Goal 2) of this study.

A variety of waterfowl hunting opportunities are available to Project recreators. The waters of Monticello Reservoir, excluding the Recreation Lake, are designated as a waterfowl management area under SCDNR’s Waterfowl Management Area (WMA) program and are available for public waterfowl hunting to those individuals possessing a permit. Portions of Parr Reservoir are also designated under SCDNR’s WMA program. The Broad River and Enoree River Waterfowl Areas, which are managed by SCDNR, are both located within the Project boundary, adjacent to Parr Reservoir and the Enoree River, respectively.

This study was constructed to gather waterfowl hunter use data by employing several different data collection methods: a waterfowl focus group; vehicle counts at recreation sites/waterfowl areas; mail-in questionnaires specific to hunting use at the Project; and, SCDNR waterfowl use data.

Waterfowl Focus Group Results

The waterfowl focus group meeting was held on December 9, 2014 and was attended by nine individuals with affiliations ranging from individual waterfowl hunters, to members of the Tyger Enoree River Alliance, to SCDNR resource managers. Information was gathered in three primary areas: personal hunting preferences, seasonal trends and distribution of activities, Project area preferences and needs. Personal hunting preferences, seasonal trends, and the distribution of activities is discussed below. Project area preferences and needs is discussed under Section 5.3 User Perceptions of Site Conditions and Needs.

Personal Hunting Preferences.  Most of the focus group attendees indicated that they hunted in the Project area on a weekly basis during the hunting season. Attendees generally indicated that waterfowl hunting is more enjoyable as a group activity and that they prefer to hunt with 1 to 4 other people. Attendees noted that hunting was usually preferable in the morning; however the preferable time of day to hunt was highly weather dependent. Weekdays are preferred over Saturdays (no hunting allowable in the Project area on Sundays) due to less crowding during the weekdays. In general, all species of waterfowl are hunted, no particular species of interest is specifically sought. Attendees indicated that they hunt by both boat and by wading. Hunters generally boat in from a public launch facility and then wade to a particular hunting location. The recreation facilities most often utilized by waterfowl hunters were indicated as follows: the Highway 99 Boat Ramp and the Highway 215 Boat Ramp on Monticello; the Highway 34 Primitive Ramp and the Enoree River Bridge Informal Access Area on Parr.

Seasonal Trends.  Attendees noted that they generally begin hunting on or around Thanksgiving Day and hunt through the end of January (concurrent with the state and federal seasons). However, many indicated that they also hunt during the September teal and goose seasons and the February goose season. Holidays were indicated as being some of the best hunting days due to a lack of other hunters.

A meeting summary is included in Appendix B.

Recreation Use Estimates for the Enoree River Waterfowl Management Area

[bookmark: _Toc457226282]Recreation days were estimated for the Enoree River Waterfowl Management Area using data from the vehicle counter placed at the site entrance, using the Parr Reservoir average of 2.15 people per vehicle.

Vehicle counter data indicated that the Enoree River Waterfowl Area supported an estimated 263 recreation days during the study period (Table 18). This total does not account for individuals who accessed the site by boat. SCDNR’s use data estimated that 131 people used the site during the study season. The difference between estimated recreation days, using an average of 2.15 people per vehicle, and SCDNR data may indicate that hunters are traveling to the site individually.




[bookmark: _Ref459380796][bookmark: _Toc460320372]Table 18	Estimated Recreation Days for the 
Enoree River Waterfowl Management Area

		 

		Enoree River Waterfowl Management Area



		November

		



		Weekends

		 13 



		Holidays

		 39   



		December

		



		Weekends

		 60 



		Holidays

		22   



		January

		



		Weekends

		 120 



		Holidays

		 9 



		Total

		



		Weekends

		 193



		Holidays

		 70 



		TOTAL

		 263 









Survey Results

Monticello Reservoir

A total of 18 surveys were returned from those distributed on vehicles parked at the Highway 215 Boat Ramp and at the Highway 99 Boat Ramp during waterfowl study seasons. Of those surveys that were returned, six individuals indicated that they were waterfowl hunting at the time the survey was distributed. All 6 respondents indicated that they hunt with at least one other person (2.17 people average), with 5 out of the 6 respondents (83 percent) indicating that they primarily hunt on Saturdays. Most respondents indicated that they traveled from Newberry County, SC.  No respondents indicated that they had traveled from out-of-state. Five of the respondents provided additional comments regarding waterfowl hunting on Monticello Reservoir. All of the comments were positive, noting that limited hunting days and Wednesday and Saturday AM hunting times were favorable to provide good hunting opportunities on Monticello.



Parr Reservoir

A total of 43 surveys were returned from those distributed on vehicles parked at the Cannon’s Creek Public Access Area and at the Heller’s Creek Public Access Area during waterfowl study seasons. Of those surveys that were returned, 40 individuals indicated that they were waterfowl hunting at the time the survey was distributed. Approximately 90 percent of respondents indicated that they hunt with at least one other person (1.80 people average). Ninety-five percent[footnoteRef:5] of respondents indicated that they hunt on Saturdays. Wednesdays (53 percent) and Fridays (48 percent) were also popular hunting days among respondents. All but one respondent indicated that they hunt in the morning (98 percent). All respondents indicated that they were from South Carolina. Forty-three percent of respondents indicated that they had traveled from Richland County. Lexington was the second highest county of origin (27 percent) and Newberry County was listed third-highest, at approximately 19 percent. Other counties of origin included: Union, Fairfield, Edgefield and Aiken. Twenty-eight of the respondents provided additional comments regarding waterfowl hunting on Parr Reservoir. Approximately one-half of respondents that commented indicated that there were too many hunters on Parr Reservoir or that waterfowl hunting days/times should be limited. [5:  Many respondents indicated that they hunt on more than one day of the week. As such, percentages add up to be greater than 100 percent.] 


Enoree River Waterfowl Management Area

Only 1 survey was returned by a waterfowl hunter using the Enoree River Waterfowl Management Area. That individual indicated that they typically hunt with one other person and that they had traveled from Lexington County, SC.

SCDNR Waterfowl Management Area Use Data

[bookmark: _GoBack]SCDNR provided the following use data for the Enoree River Waterfowl Management Area:  131 hunters harvested 90 ducks and 1 Canada goose and shot 839 times. The bag included 54 wood ducks, 12 hooded mergansers, 17 ring-necked ducks, 3 black ducks, 1 green-winged teal, 1 gadwall, 1 pintail and 1 mallard (personal communication with Willie Simmons, SCDNR, on April 5, 2016).

SCDNR provided the following use data for the Broad River Waterfowl Management area: 58 hunters killed 130 ducks during 7 lottery hunts. The bag included 33 mallards, 7 black ducks, 5 gadwall, 1 American widgeon, 15 green winged teal, 1 northern pintail, 10 wood ducks, 1 redhead, 10 scaup, 35 ring-necked ducks, 6 ruddy ducks and 6 mergansers. Additionally, SCDNR hosted 1 youth hunt on February 6, 2016. Five youths participated and harvested 7 ducks (2 ring-neck ducks, 2 scaup, and 3 wood ducks (personal communication with Sam Stokes, Wildlife Coordinator, SCDNR, on April 5, 2016).
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[bookmark: _Toc459568572]CHARACTERIZATION OF POTENTIAL FUTURE USE AND NEEDS

The third goal of this study was to identify future recreational needs for public recreation sites on Monticello and Parr reservoirs and to assess the ability of existing access sites to accommodate that projected need. This includes estimating potential future use, assessing site capacity and crowdedness levels, and assessing whether current sites and facilities are adequate for long term management needs.

[bookmark: _Toc459568573]Future Use

[bookmark: _Ref457224500]National trends in outdoor recreation between 1999 and 2009 has generally increased with activities such as viewing and photographing nature (about 20 percent increase), warmwater fishing (increase of about 17 percent), day hiking (15 percent increase) and visiting developed sites for family gatherings (10.5 percent increase) (White, et al 2014). Projected national outdoor recreation trends for the period from 2008 to 2030 provided by the U. S Forest Service as part of the 2010 Resources Planning Act Assessment estimated an increase of about 26 percent for visiting at developed sites, and about 21 percent for fishing activities, 30 percent for motorized water use, and hiking at about 33 percent (White, et al 2014).

Recreation trends in South Carolina show walking for pleasure remains a top outdoor activity at 83.2 percent participation for individuals age 12 and older (USC 2005). Picnicking and swimming remain in the top 10 activities, and along with freshwater fishing have remained fairly constant in participation rates with less than 5 percent change between the 1999 and 2005 period (USC, 2005). The top 25 recreation activities for the Central Midlands Planning District, which includes the four counties surrounding the Project (Fairfield, Newberry, Lexington, and Richland), are provided in Table 19. Of the activities rated above 50 percent, walking for pleasure, beach swimming, and sunbathing, and picnicking are all activities that are available at the Project’s public recreation access sites.

[bookmark: _Ref457229192]


[bookmark: _Ref459380840][bookmark: _Toc460320373]Table 19	Recreation Participation (2005), Age 12 and Older, for the Four Counties Surrounding the Parr Project

		

		Activity

		District

		State



		1.

		Walking for pleasure or exercise

		82.8

		83.2



		2.

		Attending outdoor sporting events

		68.7

		63.4



		3.

		Beach swimming/sunbathing

		68.5

		62.5



		4.

		Driving for pleasure

		52.8

		58.2



		5.

		Weights or exercise machines

		70.7

		57.1



		6.

		Picnicking

		54.1

		53.4



		7.

		Pool swimming

		52.6

		53.2



		8.

		Visiting historical sites

		50.1

		52.1



		9.

		Bicycling

		50.6

		42.8



		10.

		Visiting a museum

		45.4

		38.4



		11.

		Fresh water fishing

		37.6

		37.2



		12.

		Visiting an unusual natural feature

		35.3

		34.7



		13.

		Playing basketball

		44.2

		34.5



		14.

		Visiting a zoo

		60.4

		34.1



		15.

		Motorboating

		33.0

		34.1



		16.

		Jogging/running

		42.6

		33.9



		17.

		Watching wildlife

		34.3

		33.4



		18.

		Lake/river swimming

		26.8

		28.0



		19.

		Off-road vehicle riding

		22.7

		23.5



		20.

		Camping

		20.2

		23.1



		21.

		Playing football

		28.9

		22.4



		22.

		Golf

		24.7

		21.1



		23.

		Guided nature trail/study

		28.9

		20.2



		24.

		Bird watching

		17.7

		20.2



		25.

		Hiking

		19.9

		18.2





Source:  USC, 2005; data for the Central Midlands Planning District which includes the four counties surrounding the Project Fairfield, Newberry, Lexington, and Richland.





The population of the counties within the Central Midlands Planning District (Fairfield, Newberry, Lexington, and Richland) increased by 4.7 percent between 2010 and 2015 and is projected to increase by about 12.9 percent from 2015 to the year 2030 (SCRFA, 2016). Lexington County is projected to have the fastest population growth of the area, at an average of 6.3 percent from 2015 to 2030. And Fairfield is projected to have the slowest population growth of these counties, at 0.5 percent for the same time period. If participation in recreation increases at a similar rate, one can expect to see increased demand for recreation opportunities in the future use at the Project sites. Table 20 summarizes the estimated population projections to 2030 for the four counties surrounding the Project.





[bookmark: _Ref459380895][bookmark: _Toc460320374]Table 20	Population Projections for the Four Counties Surrounding the Parr Project

		County

		2010 Census

		2015 Projection

		2020 Projection

		2025 Projection

		2030 Projection



		Fairfield

		23,956

		24,100

		24,200

		24,300

		24,500



		Lexington

		262,391

		277,100

		291,800

		312,500

		333,200



		Newberry

		37,508

		37,900

		38,200

		39,000

		39,800



		Richland

		384,504

		404,400

		424,300

		440,100

		456,000



		

		

		

		

		

		



		Four County Subtotal

		708,359

		743,500

		778,500

		815,900

		853,500



		Percent Change

		0%

		4.73%

		4.50%

		4.58%

		4.41%



		

		

		

		

		

		



		South Carolina

		4,625,364

		4,823,200

		5,020,800

		5,235,500

		5,451,700



		Percent Change

		0

		4.10%

		3.94%

		4.10%

		3.97%





Source:  http://www.sccommunityprofiles.org/census/proj_c2010.html

South Carolina Revenue and Fiscal Affairs Office, South Carolina State and County Population Projections 2000-2030. Accessed athttp://www.sccommunityprofiles.org/census/proj_c2010.html on July 12, 2016.





[bookmark: _Toc459568574]Project

Overall future use at the Project is estimated at 174,241 recreation days in the year 2030, based on the estimated population projections for the four county region and existing recreation use estimates at the Project. This would result in an increase of about 21,532 recreation days or about a 12.4 percent increase as compared to the 2015 estimated use. Table 21 provides a summary of projected estimated use at the Project out to year 2070. These estimates are based on applying the average population increase from 2010 to 2030 of 4.55 percent and applying this average estimate for each 5-year period. Future use estimates extending out in time beyond the 2030 period are even more subject to change as various assumptions, such assumptions about future births, deaths, net international migration, and domestic migration, affect these population trends over time.









[bookmark: _Ref459380966][bookmark: _Toc460320375]Table 21	Estimated Future Recreation Days for the Parr Shoals Project, 2020-2070

		Year

		Population Growth Rates

		Monticello Reservoir Sites

		Parr Reservoir Sites

		Total Project



		Use Estimates  (2015)

		 

		       126,525 

		        26,184 

		     152,709 



		2020

		4.50%

		       132,213 

		        27,361 

		     159,575 



		2025

		4.58%

		       138,274 

		        28,615 

		     166,889 



		2030

		4.41%

		       144,365 

		        29,876 

		     174,241 



		2035

		4.55%

		       150,938 

		        31,236 

		     182,174 



		2040

		4.55%

		       157,810 

		        32,658 

		     190,469 



		2045

		4.55%

		       164,995 

		        34,145 

		     199,140 



		2050

		4.55%

		       172,507 

		        35,700 

		     208,207 



		2055

		4.55%

		       180,361 

		        37,325 

		     217,686 



		2060

		4.55%

		       188,573 

		        39,025 

		     227,597 



		2065

		4.55%

		       197,158 

		        40,801 

		     237,960 



		2070

		4.55%

		       206,135 

		        42,659 

		     248,794 









[bookmark: _Toc456932822][bookmark: _Toc459568575]Monticello Reservoir

Table 22 summarizes the projected recreation use by activity for each 5-year increment out to the year 2050 at the Monticello Reservoir sites. Fishing and boating are anticipated to remain the dominant recreation activities at Monticello Reservoir sites.

[bookmark: _Toc459568576]Parr Reservoir

Table 23 summarizes the projected recreation use by activity for each 5-year increment out to the year 2050 at the Parr Reservoir sites. Boat fishing and bank fishing are anticipated to remain the dominant recreation activities at the Parr Reservoir sites.





[bookmark: _Ref459381028][bookmark: _Toc460320376]Table 22	Projected Future Recreation Day Estimates for Monticello Reservoir by Activity, 2020-2050

		

		Use Estimates (2015)

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Population Growth Rates

		

		4.50%

		4.58%

		4.41%

		4.55%

		4.55%

		4.55%

		4.55%



		Activity

		

		

		

		

		

		

		

		



		Boat Fishing

		52,789

		          55,162 

		         57,690 

		      60,232 

		    62,974 

		    65,841 

		    68,839 

		     71,973 



		Pier/Dock Fishing

		14,245

		          14,885 

		         15,567 

		      16,253 

		    16,993 

		    17,767 

		    18,576 

		     19,421 



		Bank Fishing

		22,624

		          23,641 

		         24,724 

		      25,814 

		    26,989 

		    28,218 

		    29,502 

		     30,846 



		Motor Boating

		2,234

		            2,335 

		           2,442 

		        2,550 

		      2,666 

		      2,787 

		      2,914 

		       3,046 



		Pontoon/Party Boating

		279

		               292 

		              305 

		           319 

		         333 

		         348 

		         364 

		          381 



		Sailing

		559

		               584 

		              610 

		           637 

		         666 

		         697 

		         728 

		          762 



		Canoeing/Kayaking

		2,514

		            2,627 

		           2,747 

		        2,868 

		      2,999 

		      3,135 

		      3,278 

		       3,427 



		Windsurfing

		279

		               292 

		              305 

		           319 

		         333 

		         348 

		         364 

		          381 



		Paddleboarding

		559

		               584 

		              610 

		           637 

		         666 

		         697 

		         728 

		          762 



		Bicycling

		279

		               292 

		              305 

		           319 

		         333 

		         348 

		         364 

		          381 



		Tent/Vehicle Camping

		4,748

		            4,962 

		           5,189 

		        5,418 

		      5,664 

		      5,922 

		      6,192 

		       6,474 



		Walking/Hiking/Backpacking

		1,676

		            1,751 

		           1,831 

		        1,912 

		      1,999 

		      2,090 

		      2,185 

		       2,285 



		Sightseeing

		4,469

		            4,670 

		           4,884 

		        5,099 

		      5,331 

		      5,574 

		      5,828 

		       6,093 



		Hunting

		559

		               584 

		              610 

		           637 

		         666 

		         697 

		         728 

		          762 



		Swimming

		9,776

		          10,215 

		         10,683 

		      11,154 

		    11,662 

		    12,193 

		    12,748 

		     13,328 



		Picnicking

		5,307

		            5,545 

		           5,800 

		        6,055 

		      6,331 

		      6,619 

		      6,920 

		       7,235 



		Sunbathing

		838

		               876 

		              916 

		           956 

		      1,000 

		      1,045 

		      1,093 

		       1,142 



		Other

		2,793

		            2,919 

		           3,052 

		        3,187 

		      3,332 

		      3,484 

		      3,642 

		       3,808 



		Total

		126,525

		        132,213 

		       138,274 

		    144,366 

		    150,938 

		    157,810 

		    164,995 

		     172,507 
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[bookmark: _Ref459381037][bookmark: _Toc460320377]Table 23	Estimated Future Recreation Days for Parr Reservoir by Activity, 2020-2050

		

		Use Estimates (2015)

		2020

		2025

		2030

		2035

		2040

		2045

		2050



		Population Growth Rates

		

		4.50%

		4.58%

		4.41%

		4.55%

		4.55%

		4.55%

		4.55%



		Activity

		

		

		

		

		

		

		

		



		Boat Fishing

		                  19,609 

		   20,491 

		   21,430 

		   22,374 

		   23,393 

		   24,458 

		   25,571 

		   26,736 



		Pier/Dock Fishing

		                       461 

		       482 

		       504 

		       526 

		       550 

		       575 

		       602 

		       629 



		Bank Fishing

		                    3,230 

		     3,375 

		     3,530 

		     3,685 

		     3,853 

		     4,028 

		     4,212 

		     4,404 



		Motor Boating

		                       115 

		       121 

		       126 

		       132 

		       138 

		       144 

		       150 

		       157 



		Pontoon/Party Boating

		                         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   



		Sailing

		                         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   



		Canoeing/Kayaking

		                       231 

		       241 

		       252 

		       263 

		       275 

		       288 

		       301 

		       315 



		Windsurfing

		                         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   



		Paddleboarding

		                         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   



		Bicycling

		                         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   



		Tent/Vehicle Camping

		                    1,269 

		     1,326 

		     1,387 

		     1,448 

		     1,514 

		     1,583 

		     1,655 

		     1,730 



		Walking/Hiking/Backpacking

		                         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   



		Sightseeing

		                       577 

		       603 

		       630 

		       658 

		       688 

		       719 

		       752 

		       786 



		Hunting

		                       115 

		       121 

		       126 

		       132 

		       138 

		       144 

		       150 

		       157 



		Swimming

		                       115 

		       121 

		       126 

		       132 

		       138 

		       144 

		       150 

		       157 



		Picnicking

		                       115 

		       121 

		       126 

		       132 

		       138 

		       144 

		       150 

		       157 



		Sunbathing

		                         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   

		         -   



		Other

		                       346 

		       362 

		       378 

		       395 

		       413 

		       432 

		       451 

		       472 



		Total

		                 26,184 

		    27,361 

		    28,615 

		    29,876 

		    31,236 

		    32,658 

		    34,145 

		    35,700 











[bookmark: _Toc459568577]Recreation Site Use Density

Project recreation sites are well used throughout the recreation season with sites generally being used within their design capacities. For the purposes of this study, sites were considered to be utilized within their design capacities if parking areas are regularly less than 75 percent full. Use is considered to be approaching capacity if parking areas are regularly between 75 and 99 percent full. Use is considered to be exceeding capacity if parking areas are regularly greater than 99 percent full. It is important to note that high levels of use typically experienced on holidays are regarded as special circumstances, as these use levels are experienced only a few times a year. Recreation capacity should be considered for typical weekday and weekend use in management and site design decisions.

[bookmark: _Toc459568578]Monticello Reservoir

Results suggest that 3 sites are being used within their design capacities for the typical weekdays and weekend days selected during the study season and may accommodate additional use: Scenic Overlook; Highway 99 Boat Ramp; Recreation Lake Access Area (Table 24). Estimates for the Highway 99 Informal Fishing Area are shown to be within their design capacities during weekdays, but approaching capacity on weekend days. Estimates for the Highway 215 Boat Ramp potentially exceeded capacities during peak hours on some weekend days throughout the study season.

While data suggest that public access sites on Monticello Reservoir are being very well used during the summer season, at times at rates at or above their intended capacities, additional information can help in interpreting these findings to better understand how sites are used. Traffic counter data often provide an over-estimate of site use, as it includes those individuals that drive through a site, but do not stay to recreate. Drive-through traffic was frequently observed by recreation clerks stationed at the Highway 99 Informal Fishing Area. Spot count data for this site also indicate that 0 to 1 vehicles were observed parked at the site approximately 90 percent of the time.  Additionally, this recreation site has a double entrance/exit and is located directly adjacent to a main road.  This allows for easy turn around/lake viewing access. The Highway 215 Boat Ramp is also located directly off of a main road and has a double entrance/exit. Spot count data alone indicate that this site may be consistently approaching design capacities during the summer season, to meeting design capacities on weekend days. However, when combined with traffic counter data, estimated peak use is frequently above 100 percent on weekend days.
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[bookmark: _Ref459381133][bookmark: _Toc460320378]Table 24	Monticello Reservoir Recreation Site Use Peak Density Estimates

		

		Scenic Overlook 

		Highway 215 Boat Ramp 

		Highway 99 Boat Ramp

		Recreation Lake Access Area

		Highway 99 Informal Fishing Area a

		Monticello Development Total



		April

		

		

		

		

		

		



		Peak Capacity - Weekday

		7%

		92%

		14%

		7%

		55%

		35%



		Peak Capacity - Weekend day

		10%

		145%

		56%

		20%

		75%

		61%



		May

		

		

		

		

		

		



		Peak Capacity - Weekday

		8%

		80%

		33%

		7%

		58%

		37%



		Peak Capacity - Weekend day

		37%

		235%

		28%

		46%

		88%

		87%



		June

		

		

		

		

		

		



		Peak Capacity - Weekday

		13%

		55%

		30%

		45%

		85%

		46%



		Peak Capacity - Weekend day

		24%

		205%

		99%

		95%

		95%

		104%



		July

		

		

		

		

		

		



		Peak Capacity - Weekday

		9%

		32%

		42%

		4%

		58%

		29%



		Peak Capacity - Weekend day

		18%

		87%

		45%

		32%

		70%

		50%



		August

		

		

		

		

		

		



		Peak Capacity - Weekday

		6%

		85%

		16%

		2%

		68%

		35%



		Peak Capacity - Weekend day

		11%

		115%

		35%

		26%

		88%

		55%



		September

		

		

		

		

		

		



		Peak Capacity - Weekday

		5%

		25%

		31%

		8%

		48%

		23%



		Peak Capacity - Weekend day

		6%

		40%

		28%

		8%

		68%

		30%



		Total

		

		

		

		

		

		49%



		Average Peak Capacity - Weekday

		8%

		62%

		28%

		12%

		62%

		



		Average Peak Capacity - Weekend day

		17%

		138%

		49%

		38%

		81%

		







a .Drive-through traffic was frequently observed by recreation clerks stationed at the Highway 99 Informal Fishing Area. Spot count data for this site indicate that 0 to 1 vehicles were observed parked at the site approximately 90 percent of the time.
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Perceptions of crowding can influence a person’s enjoyment of a recreation site and can be a useful tool for managers when making decisions about whether a site can accommodate additional use. Table 25 provides a summary of user perceptions of crowding at Monticello Reservoir by access site. Crowdedness was rated on a scale from 1 (light) to 5 (heavy).

Overall, Monticello Reservoir respondents indicated generally low perceptions of crowdedness during the weekday (1.56 average). Additionally, Monticello Reservoir respondents indicated a generally moderate crowdedness rating for weekends (2.56 average weekend) and with a slightly higher average for holidays (2.93 average). The Highway 99 Boat Ramp received the highest crowdedness rating, overall. However, all of the sites received low to very moderate crowdedness ratings by interview respondents.

Fifty percent of waterfowl hunter survey respondents reported Monticello Reservoir as being moderately crowded, with other responses being distributed evenly among light to heavy.

[bookmark: _Ref457225127]


[bookmark: _Ref459381231][bookmark: _Toc460320379]Table 25	Crowdedness Ratings for 
Monticello Reservoir Recreation Sites a

		

		Crowdedness Rating



		Site

		Average

		Median



		Scenic Overlook Park

		2.08

		2.00



		Highway 215 Boat Ramp

		2.42

		2.50



		Highway 99 Boat Ramp

		2.70

		3.00



		Recreation Lake Access Area

		2.05

		1.00



		Highway 99 Informal Fishing Area

		1.90

		1.00



		Monticello Reservoir Total 

		2.31

		2.00





a Crowding at Project recreation sites was rated on a scale from 1 to 5, where a 1 equals “light” and a 5 equals “heavy”





[bookmark: _Toc459568579]Parr Reservoir

The capacity at which Parr Reservoir public access sites are being used was estimated for Cannon’s Creek and Heller’s Creek public access areas. Highway 34 primitive ramp does not have a substantial parking area and is mainly used by boaters accessing the upper portions of Parr Reservoir.

Results suggest that both Cannon’s Creek and Heller’s Creek Public Access Areas are being consistently used below their design capacities and can accommodate additional use (Table 26). An exception to this was observed for a weekend day in May where Cannon’s Creek peak estimates met design capacity.

[bookmark: _Ref459381328]


[bookmark: _Ref459381434][bookmark: _Toc460320380]Table 26	Parr Reservoir Recreation Site Use Peak Density Estimates 

		 

		Cannon's Creek Public Access 

		Heller's Creek Public Access 

		Parr Development Total 



		April

		 

		 

		 



		Peak Capacity - Weekday

		30%

		18%

		24%



		Peak Capacity - Weekend day

		32%

		16%

		24%



		May

		 

		 

		 



		Peak Capacity - Weekday

		45%

		16%

		31%



		Peak Capacity - Weekend day

		100%

		58%

		79%



		June

		 

		 

		 



		Peak Capacity - Weekday

		35%

		28%

		32%



		Peak Capacity - Weekend day

		48%

		34%

		41%



		July

		 

		 

		 



		Peak Capacity - Weekday

		18%

		14%

		16%



		Peak Capacity - Weekend day

		38%

		32%

		35%



		August

		 

		 

		 



		Peak Capacity - Weekday

		27%

		12%

		20%



		Peak Capacity - Weekend day

		42%

		54%

		48%



		September

		 

		 

		 



		Peak Capacity - Weekday

		10%

		18%

		14%



		Peak Capacity - Weekend day

		45%

		18%

		32%



		TOTAL

		 

		 

		33%



		Average Peak Capacity - Weekday

		28%

		18%

		



		Average Peak Capacity - Weekend day

		51%

		35%

		









Parr Reservoir interview respondents indicated generally low perceptions of crowdedness during the weekday (1.64 average), moderate crowdedness rating for weekends (2.25 average weekend) with slightly lower ratings for holidays (2.11 average). Lower crowdedness ratings for holidays is unusual, and could be due to the high availability of regional recreation opportunities. Table 27 provides a summary of user perceptions of crowding at Parr Reservoir by access site. Both Cannon’s Creek and Heller’s Creek Public Access Areas received moderate crowdedness ratings, overall. Heller’s Creek Public Access Area (2.31 average) was perceived as being slightly more crowded than Cannon’s Creek Public Access Area (1.93 average).

Fifty-three percent of waterfowl survey respondents on Parr Reservoir indicated Parr Reservoir as being moderately crowded (“3” rating) for waterfowl hunting, with 33 percent of respondents indicating a crowdedness rating of moderately heavy (“4” rating). Waterfowl focus group attendees indicated that there was over-crowding at the Enoree Waterfowl Management Area, and collectively rated that area as a “5” for crowdedness. Focus group attendees also indicated that Parr Reservoir, from the Monticello tailrace to the Hwy 34 boat ramp, was also moderately crowded (rated as a "4" on Saturday mornings).

Several options were suggested by Waterfowl Focus Group attendees to alleviate some of the crowding issues currently experienced at the Enoree Waterfowl Area. All of these options would need to be implemented by SCDNR and include: a SCDNR decision to categorize the Enoree Waterfowl Area as "Category 1" (currently "Category 2"); only allow a certain number of individuals to hunt the area at one time; require a hunting pass; only allow hunting on Wednesdays.

[bookmark: _Ref459381453][bookmark: _Toc460320381]Table 27	Crowdedness Ratings for 
Parr Reservoir Recreation Sites a

		

		Crowdedness Rating



		Site

		Average

		Median



		Cannon’s Creek Public Access Area

		1.93

		2.00



		Heller’s Creek Public Access Area

		2.31

		2.50



		Parr Reservoir Total 

		2.07

		2.00





a Crowding at Project recreation sites was rated on a scale from 1 to 5, where a 1 equals “light” and a 5 equals “heavy”





[bookmark: _Toc459568580]User Perceptions of Site Conditions and Needs

This section addresses user perceptions of recreation site conditions, and their recommendations for additional facilities and site improvements.

[bookmark: _Toc459568581]Monticello Reservoir

Site Conditions.  Monticello Reservoir recreation sites were considered to be in very good condition by respondents (Table 28). On a scale of 1 to 5 where a 1 is “poor” and a 5 is “excellent,” all of the recreation sites received a 4, or above. The Highway 215 Boat Ramp and Scenic Overlook Park received the highest condition ratings with scores approaching “excellent.” Overall, the sites received the highest condition ratings during weekdays, with an average of 4.44 for all of the sites. Weekends and holidays rated only slightly lower, with averages of 4.25 and 4.27, respectively.

Waterfowl hunter survey respondents[footnoteRef:6] considered Monticello Reservoir to be in “very good” condition, with an average condition rating of 4.17. [6:  Eighteen total surveys were returned; of those, only six individuals indicated that they were waterfowl hunting.] 


Need for Additional Facilities.  Respondents were asked to indicate what, if any, additional facilities were needed at the site at which they were interviewed (Table 29). Approximately 57 percent of respondents indicated that the Monticello Reservoir recreation site at which they were interviewed was in need of additional facilities. Of those indicating a need for additional facilities, restrooms were identified as the most needed additional facility at Monticello Reservoir recreation sites, comprising approximately 70[footnoteRef:7] percent of the responses. This was particularly true for the Highway 215 Boat Ramp and the Highway 99 Informal Fishing Area, where 93 and 89 percent of respondents, respectively, indicated the need for restroom facilities. Picnic tables and shelters (18 percent of responses), lighting (16 percent of responses), and the addition of a fishing pier or dock (14 percent of responses) were also requested at Monticello Reservoir recreation sites. Individuals interviewed at the Scenic Overlook Park, the Recreation Lake Access Area and at the Highway 99 Boat Ramp had varying suggestions for additional facilities. At the Scenic Overlook Park, the addition of a fishing pier/dock and picnic tables/shelter was frequently requested. An additional parking area and picnic tables/shelter comprised many of the responses at the Recreation Lake Access Area. Additional lighting was frequently requested at the Highway 99 Boat Ramp. However, overall, the majority of respondents at the Highway 99 Boat Ramp and the Recreation Lake Access Area indicated that no additional facilities were needed. Not surprisingly, a variety of additional facilities were recommended at the Highway 99 Informal Fishing Area. [7:  Because many respondents provided more than one recommended facility, total responses add up to greater than 100 percent.] 


Although only 6 surveys were received from individuals who were waterfowl hunting on Monticello Reservoir, 3 of those respondents indicated that no additional facilities or improvements were needed for waterfowl hunting at Monticello Reservoir. Additional lighting, bathrooms, and a deeper boat landing was requested by the remaining three waterfowl survey respondents. No improvements to Monticello Reservoir recreation sites were recommended during the Waterfowl Focus Group meeting.

Need for Improvements.  Thirty-five percent of respondents indicated that additional improvements were needed at Monticello Reservoir. The Scenic Overlook Park received the highest response for additional improvement recommendations, 47 percent of respondents, and responses varied greatly (Table 30). Additional grills/tables and restroom improvements/year-round restroom access were the most frequently requested by respondents interviewed at Scenic Overlook Park. Dock/Pier improvements or repairs was the most frequently requested improvement at the Highway 215 Boat Ramp (23 percent). Respondents requesting facility improvements at the Highway 99 Boat Ramp most often indicated that restroom improvements/year-round access were needed. Benches/seating was requested most often at the Highway 99 Informal Fishing Area. Responses varied greatly for the Recreation Lake Access Area; however, most respondents (74 percent) indicated that no additional improvements were needed at this site.

As noted, 3 of the Monticello Reservoir waterfowl survey respondents indicated that no additional facilities or improvements were needed for waterfowl hunting at Monticello Reservoir. Additional lighting, bathrooms, and a deeper boat landing was requested by the remaining three waterfowl survey respondents. Additionally, no improvements to Monticello Reservoir recreation sites were recommended during the Waterfowl Focus Group meeting.

[bookmark: _Ref459381524][bookmark: _Toc156899975][bookmark: _Toc164489933][bookmark: _Toc460320382]Table 28	Condition Ratings for 
Monticello Reservoir Recreation Sites a

		

		CONDITION RATING



		SITE

		AVERAGE

		MEDIAN



		Scenic Overlook Park

		4.42

		5.00



		Highway 215 Boat Ramp

		4.44

		5.00



		Highway 99 Boat Ramp

		4.17

		4.00



		Recreation Lake Access Area

		4.00

		4.00



		Highway 99 Informal Fishing Area

		4.24

		5.00



		Monticello Reservoir Total 

		4.30

		5.00





a Condition ratings on a scale from 1 “poor” to 5 “excellent”







AUGUST 2016	5-15	

[bookmark: _Ref459381538][bookmark: _Toc156899976][bookmark: _Toc164489934][bookmark: _Toc460320383]Table 29	Additional Facilities Recommended for Monticello Reservoir Recreation Sites

		Site

		Additional Facilities Recommended? - No

		Additional Facilities Recommended? - Yes

		n- Total Respondents

		Bank Fishing Area

		Boat Dock

		Boat Launch

		Camping Area

		Fish Cleaning Station

		Fishing Pier/Dock

		Lighting

		Parking Lot

		Picnic Tables/Shelter

		Restrooms

		Signs and Information

		Swimming Area

		Trails

		Trash Cans

		RV Camping

		Bilingual Signs

		n – Total Respondents a



		Scenic Overlook Park

		38%

		62%

		132

		2%

		0%

		2%

		5%

		7%

		25%

		12%

		5%

		31%

		54%

		2%

		3%

		5%

		8%

		2%

		0%

		59



		Highway 215 Boat Ramp

		31%

		69%

		134

		0%

		0%

		2%

		1%

		1%

		6%

		15%

		3%

		7%

		93%

		0%

		0%

		0%

		1%

		0%

		0%

		88



		Highway 99 Boat Ramp

		58%

		42%

		106

		0%

		15%

		9%

		6%

		9%

		9%

		24%

		0%

		6%

		36%

		0%

		3%

		3%

		6%

		3%

		0%

		33



		Recreation Lake Access Area

		70%

		30%

		61

		8%

		0%

		0%

		16%

		8%

		8%

		8%

		25%

		33%

		42%

		0%

		0%

		8%

		0%

		0%

		8%

		12



		Highway 99 Informal Fishing Area

		10%

		90%

		21

		5%

		0%

		0%

		0%

		16%

		26%

		21%

		0%

		42%

		89%

		5%

		0%

		5%

		32%

		0%

		0%

		19





a Individuals that responded that additional facilities were needed at a particular recreation site may not have provided a recommendation on what type of facilities were needed. As such, fewer facility recommendation responses were gathered. Additionally, many individuals provided more than one recommendation. Therefore, facility recommendation percentages may equal greater than 100%.
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[bookmark: _Ref459381559][bookmark: _Toc156899977][bookmark: _Toc164489935][bookmark: _Toc460320384]Table 30	Improvements Recommended for Monticello Reservoir Sites

		Site

		Improvements Recommended? - No

		Improvements Recommended? - Yes

		n- Total Respondents

		Additional Tables/ Grills

		Repair/Improve Docks/Piers

		Ice/Vending/ Concessions

		Restroom Improvements/Year-round Access

		Benches/Seating

		General Maintenance/Upkeep

		Handicap Access

		Electricity

		Security

		Lighting

		Beach Area

		Parking Area Improvements

		Boat Launch Improvements

		Water Fountains

		Other

		n – Total Respondents a



		Scenic Overlook Park

		53%

		47%

		132

		16%

		6%

		2%

		11%

		6%

		8%

		2%

		2%

		3%

		2%

		5%

		2%

		0%

		3%

		21%

		32



		Highway 215 Boat Ramp

		71%

		29%

		133

		8%

		23%

		8%

		5%

		3%

		3%

		0%

		0%

		3%

		15%

		0%

		3%

		13%

		3%

		13%

		39



		Highway 99 Boat Ramp

		69%

		31%

		106

		3%

		6%

		0%

		52%

		0%

		21%

		0%

		6%

		3%

		0%

		0%

		3%

		0%

		0%

		6%

		33



		Recreation Lake Access Area

		74%

		26%

		61

		6%

		0%

		13%

		19%

		0%

		13%

		0%

		6%

		0%

		0%

		0%

		0%

		0%

		0%

		44%

		16



		Highway 99 Informal Fishing Area

		67%

		33%

		21

		0%

		0%

		0%

		0%

		29%

		0%

		0%

		0%

		0%

		14%

		0%

		0%

		0%

		14%

		43%

		7







a Individuals that responded that improvements were needed at a particular recreation site may not have provided a recommendation on what type of improvements were needed. As such, fewer improvement recommendation responses were gathered. Additionally, many individuals provided more than one recommendation. Therefore, percentages may equal greater than 100%.
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[bookmark: _Toc459568582]Parr Reservoir

Site Conditions.  In general, respondents interviewed at recreation sites on Parr Reservoir considered them to be in “good” to “very good” condition, regardless of day-type. On a scale of 1 to 5 where a 1 is “poor” and a 5 is “excellent”, Cannon’s Creek Public Access Area received a 3.95 and Heller’s Creek Public Access Area received a 3.81 (Table 31). Waterfowl hunter survey respondents[footnoteRef:8] considered Parr Reservoir to be in “average” condition, with an average condition rating of 2.58. [8:  Forty-three total surveys were returned; of those, forty individuals indicated that they were waterfowl hunting on Parr Reservoir.] 


Need for Additional Facilities.  Respondents were asked to indicate what, if any, additional facilities were needed at the site at which they were interviewed (Table 32). Seventy percent[footnoteRef:9] of respondents interviewed at Parr Reservoir recreation sites indicated that additional facilities are needed. Individuals most often requested the addition of a boat launch (37 percent of respondents). This was particularly true for Heller’s Creek Public Access Area, where 44 percent of respondents indicated the need for additional boat launching facilities. Additional restrooms (30 percent of respondents) and the addition of a boat dock (30 percent of respondents) were also commonly requested. The addition of a boat dock was most often requested at Cannon’s Creek Public Access Area. [9:  Because many respondents provided more than one recommended facility, total responses add up to greater than 100 percent.] 


Eighty percent of waterfowl survey respondents indicated that additional facilities or improvements are needed for waterfowl hunting at Parr Reservoir. Additional lighting (30 percent) and food for waterfowl (30 percent) were the most common requests received by waterfowl survey respondents. Other common facility requests included the addition of a dock (13 percent), the addition or repair of a boat ramp (10 percent) and the provision of stable Parr Reservoir levels (10 percent). Only one survey was received from a respondent hunting at the Enoree River Waterfowl Management Area. This respondent recommended additional trash cans at this site.

Waterfowl Focus Group attendees indicated that maintaining a Parr Reservoir level of 260’ or above would be preferable, particularly during December and January. Attendees also indicated that they would like for SCE&G to maintain the Highway 34 Ramp in a “primitive” state. The Waterfowl Focus Group attendees did not recommend any additions or improvements at Cannon’s Creek or Heller’s Creek public access areas. Focus Group attendees generally noted that waterfowl hunting opportunities could possibly be improved in the Project area through the creation of an additional waterfowl habitat/resting area (in particular, an area upstream of the Enoree Waterfowl Area, along the Enoree River).

Need for Improvements.  Thirty-one percent of respondents indicated that improvements are needed at Parr Reservoir recreation sites. Boat ramp upgrades or improvements was most commonly requested by respondents (26 percent), and most often requested by those individuals interviewed at Heller’s Creek Public Access Area (Table 33). Improved or expanded restroom facilities was also commonly requested among respondents interviewed at both Cannon’s Creek and Heller’s Creek public access areas. Respondents commonly requested a courtesy dock or fishing pier at Cannon’s Creek Public Access Area.

The Enoree River Bridge informal access area (non-Project) was noted as being highly utilized by Waterfowl Focus Group attendees. Attendees noted that it is difficult to launch a boat at this site and attendees recommended gravel or other boat launching improvements.

[bookmark: _Ref459381827][bookmark: _Toc460320385]Table 31	Condition Ratings for Parr Reservoir Recreation Sites a

		

		Condition Rating



		Site

		Average

		Median



		Cannon’s Creek Public Access Area

		3.95

		4.00



		Heller’s Creek Public Access Area

		3.81

		4.00



		Total 

		3.90

		4.00





a Condition ratings on a scale from 1 “poor” to 5 “excellent”
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[bookmark: _Ref459381848][bookmark: _Toc460320386]Table 32	Additional Facilities Recommended for Parr Reservoir Access Sites

		Site

		Additional Facilities Recommended? - No

		Additional Facilities Recommended? - Yes

		n- Total Respondents

		Additional Access Road

		Bank Fishing Area

		Boat Dock

		Boat Launch

		Camping Area

		Fishing Pier/Dock

		Lighting

		Parking Lot

		Picnic Tables/Shelter

		Restrooms

		Signs and Information

		Swimming Area

		Trash Cans

		Other

		n – Total Respondents a



		Cannon’s Creek Public Access Area

		32%

		68%

		147

		6%

		8%

		34%

		33%

		2%

		23%

		21%

		0%

		9%

		29%

		2%

		6%

		0%

		3%

		100



		Heller’s Creek Public Access Area

		26%

		74%

		80

		5%

		2%

		24%

		44%

		0%

		20%

		29%

		2%

		8%

		32%

		0%

		3%

		2%

		2%

		59





a Individuals that responded that additional facilities were needed at a particular recreation site may not have provided a recommendation on what type of facilities were needed. As such, fewer facility recommendation responses were gathered.  Additionally, many individuals provided more than one recommendation. Therefore, facility recommendation percentages may equal greater than 100%.



[bookmark: _Ref459381872][bookmark: _Toc460320387]Table 33	Improvements Recommended for Parr Reservoir Access Sites

		Site

		Improvements Recommended? - No

		Improvements Recommended? - Yes

		n- Total Respondents

		Restroom Improvements

		Repair/Improve Boat Ramps

		Dredging/Low Water Level

		Benches/Seating

		Electricity

		Lighting

		Swimming/Beach Area

		Courtesy dock/Fishing Piers

		Grills

		Other

		n – Total Respondents a



		Cannon’s Creek Public Access Area

		68%

		32%

		100

		25%

		25%

		6%

		3%

		3%

		3%

		3%

		16%

		6%

		9%

		32



		Heller’s Creek Public Access Area

		69%

		31%

		59

		28%

		50%

		11%

		0%

		6%

		6%

		0%

		0%

		0%

		0%

		18





a Individuals that responded that improvements were needed at a particular recreation site may not have provided a recommendation on what type of improvements were needed. As such, fewer improvement recommendation responses were gathered.  Additionally, many individuals provided more than one recommendation. Therefore, percentages may equal greater than 100%.

[bookmark: _Toc343591224]
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[bookmark: _Toc459568583]CONCLUSIONS

The objective of this study was to identify current and potential recreational use, opportunities, and needs at the Project.  This was accomplished by identifying and inventorying existing Project recreation facilities, identifying patterns of recreation use and user needs and preferences at each site, and estimating future recreational use and needs at the Project over the anticipated new license term.  In the following sections, study results are summarized in the context of the overall study goals and objectives and are intended to facilitate recreation planning and management discussions.  

[bookmark: _Toc459568584]Characterization of Existing Use

The Project is surrounded by a number of regionally and nationally recognized recreation resources; yet, study results indicate that the Project is well used, providing an estimated 152,709 recreation days during the 2015 recreation season.  This is undoubtedly due to the unique recreation atmosphere created by the Project, which includes riverine and lacustrine environments, waterfowl hunting areas, and areas that support a number of day-use activities such as picnicking, hiking and beach swimming.  The Project supports eight public access sites and two waterfowl hunting areas, which are well distributed around the Project area.  Survey results suggest that the sites are in good to very good condition, overall. Results specific to each development are provided below.

[bookmark: _Toc459568585]Monticello Reservoir

Five public access sites are available on Monticello Reservoir and were included in this study.  Study results indicate that site users are predominately local residents, traveling to the Project from the surrounding four counties (Fairfield, Lexington, Newberry and Richland).  Visitors indicated a variety of reasons why they chose to recreate on Monticello Reservoir, with most noting that they chose it due to its proximity to their home or because it provided good fishing opportunities.  It was shown that visitors tend to recreate at Monticello Reservoir in parties of between 2 and 3 people, with an average length of stay of approximately 3.5 hours.  

Individuals using Monticello Reservoir recreation sites primarily engage in water-based recreation activities.  Boat fishing was the most popular activity observed, followed by bank and pier fishing.  Boat fishing, pier fishing and bank fishing occur fairly consistently across day types, with bank fishing increasing slightly on weekends, and boat fishing decreasing slightly on holidays.  Canoeing and kayaking was shown to increase significantly on holidays.  Respondents indicating that they recreated on Monticello Reservoir islands primarily reported that they did so to bank fish, with camping also being reported as popular island activities.  

All five of the Monticello Reservoir recreation sites provide angler access through boat launches or through bank or pier fishing, supporting the demand for fishing access.  Not surprisingly, boat fishing was the most popular activity reported at Highway 99 and Highway 215 boat ramps, with bank fishing being the most popular activity reported at the Highway 99 Informal Fishing Area.  Bank fishing and pier fishing were equally popular at the Scenic Overlook.  The Highway 215 boat ramp was also shown to support a significant amount of bank fishing, at approximately 17 percent of the reported site use. The Recreation Lake primarily supports day-use activities such as swimming, picnicking, and sightseeing.  However, boat fishing still accounted for approximately 30 percent of the reported use at the Recreation Lake.

Monticello Reservoir was also shown to support significant recreational use during early crappie season in 2016 (February 1 through March 31).  Visitation data indicates that March weekdays comprise the greatest amount of use during this period, with visitors primarily recreating at the bank and pier fishing sites of Highway 99 Informal Fishing Area and the Scenic Overlook.

Study results indicate that recreation sites on Monticello Reservoir receive very similar levels of use, with most of the use occurring on the weekends.  Data indicates that the Scenic Overlook accommodated the greatest numbers of patrons over the course of the 2015 study season, followed by the Highway 99 Informal Fishing Area.  Additional data provided by spot counts and clerk observations indicates that use results for the Highway 99 Informal Fishing Area may be elevated, as this site was observed to receive a significant amount of drive-through traffic.  This is also depicted through site density data which, in itself, indicates that the Highway 99 Informal Fishing Area is approaching site capacity, while this result is not supported by spot count data.  Drive-through traffic also likely contributes to the high site density estimates calculated at the Highway 215 Boat Ramp.  Data alone estimates peak use frequently above 100 percent capacity on weekend days.  However, this site received very moderate crowdedness ratings (2.42), and also has a double entrance/exit which facilities lake viewing and drive-through visits.  The Highway 99 Boat Ramp, which received the highest crowdedness rating out of all the Monticello Reservoir sites (2.93) had low to moderate site density ratings.  However, this site has one entrance/exit road, and is not directly visible from, and adjacent to, the main road, which may otherwise facilitate a large number of drive-through visits.  Site visitation during the 2015 recreation season may also be slightly elevated due to the construction of additional nuclear electric-generating units at the V.C. Summer Nuclear Station, located adjacent to Monticello Reservoir.  Site expansion has resulted in the creation of an additional 3,000 to 3,500 jobs at that site.  

Overall, perceptions of crowding at Monticello Reservoir sites are low to moderate and site conditions were rated very high, with no Monticello Reservoir recreation site receiving below a 4[footnoteRef:10] rating.  Restrooms were indicated as being the most needed additional facility at Monticello Reservoir, which is very typical for recreation use studies.  Other facility and amenity recommendations included picnic tables, shelters, lighting, and fishing piers or docks.   [10:  On a scale of 1 to 5 where a 1 is “poor” and a 5 is “excellent.”] 


[bookmark: _Toc459568586]Parr Reservoir

Two public boat launch sites, one primitive boat launch, and two waterfowl sub-impoundments are available within the Project boundary at the Parr development.  Respondents interviewed at Parr sites were primarily local, with a large representation from Newberry County (over 75 percent).  Over half of the individuals interviewed noted that they chose to recreate at Parr Reservoir due to the good fishing opportunities.  It was shown that visitors tend to recreate at Parr Reservoir with one other person, on average, with an average length of stay of approximately 3.5 hours.

As with Monticello Reservoir, individuals recreating at Parr Reservoir recreation sites during the recreation season, from April to September, primarily engage in water-based recreation activities.  Boat fishing was the most popular activity observed, accounting for 69 percent of the use at Cannon’s Creek Public Access Area and 86 percent of the use at Heller’s Creek Public Access Area.  Bank fishing was the second most popular activity at the Parr development, accounting for 16 percent of the use at Cannon’s Creek Public Access Area.  Boat fishing increased slightly during weekdays as compared to weekends and holidays.  Conversely, bank fishing increased on the weekends and holidays.  For holidays, visitors reported some increased activities for tent/vehicle camping, as compared to the non-holiday periods.  

Study results indicate that Cannon’s Creek Public Access Area receives the greatest amount of use, followed by Heller’s Creek Public Access Area and the Highway 34 primitive ramp.  Data collected at the Enoree Bridge Informal Access Area, located outside of the Project boundary, indicates that it receives approximately 5 percent of the use experienced at the three SCE&G maintained access areas on Parr Reservoir.  

Density estimates calculated for Cannon’s and Heller’s Creek Public Access Areas suggest that these areas are consistently being used below their design capacities and can accommodate additional use, with the exception of peak hours during the occasional weekend day.  This was also reflected in the low to moderate crowdedness ratings for these sites.    

User perceptions of site conditions at Cannon’s and Heller’s Creek Public Access Areas ranged from good to very good.  Additional boat launching or docking facilities were some of the most requested additional facilities, along with lighting and additional restrooms.

[bookmark: _Toc459568587]Waterfowl Management Areas

Goal 2 of this study is to characterize existing use of waterfowl areas and SCE&G recreation lands by hunters during designated hunting seasons.  Data was gathered by employing several different data collection methods: a waterfowl focus group; vehicle counts at recreation sites/waterfowl areas; mail-in questionnaires specific to hunting use at the Project; and, SCDNR waterfowl use data.  Collectively, the data helps to characterize existing use of lands and waters designated for waterfowl hunting within the Project boundary.

Results from surveys distributed on vehicles parked Monticello Reservoir recreation sites during Canada Geese hunting season indicated that the majority of hunters are local residents who prefer to hunt on Saturday mornings.  Several survey respondents noted that they prefer Monticello as it is less crowded than other areas in the vicinity, although they noted that the number of people recreating on Monticello reservoir has increased in recent years. 

Results from surveys distributed at Parr Reservoir indicate that the majority of hunters are residents of the surrounding counties, primarily Richland and Lexington, who hunt on Saturday mornings.  Approximately one-half of the respondents cited crowding as an issue, noting that there were too many hunters on Parr Reservoir.  Similarly, waterfowl focus group attendees noted that they prefer to hunt during weekday mornings, as there are less hunters on the Reservoir.  Waterfowl focus group attendees also emphasized that they would prefer that the Highway 34 Boat Ramp remain a primitive site.  

Data regarding recreation use at the Enoree River and Broad River Waterfowl Management Areas was primarily obtained from SCDNR and waterfowl focus group attendees.  Traffic counter data from the Enoree River Waterfowl Management Area indicates that it is well used.  Crowding at this site was a primary concern among waterfowl focus group attendees.  Several attendees suggested that this site be re-categorized as “Category I”, or that hunting pressure be otherwise limited by SCDNR management actions.  Crowding is not an issue for the Broad River Waterfowl Management Area as this site is a draw-hunt site.

[bookmark: _Toc459568588]Characterization of Future Use

As described by Cordell et al. (2004), population growth in the surrounding counties will likely be the primary contributing factor to future use of Project recreation facilities.  Study data shows that site users are primarily local residents that do not have shoreline access via private residences.  As such, public access areas at the Project generally serve as community parks rather than tourist destinations.  It is possible that the V.C. Summer Nuclear Station expansion and associated job growth is contributing to increased recreation use of Project facilities.  Once the expansion is complete, it is unknown whether any increases in recreation that may be currently taking place will subside.  Waterfowl hunters, both through the focus group sessions and target surveys noted significant increases in waterfowl hunting, and associated crowding, at the Project in recent years.  Interestingly, while the majority of recreators on Parr Reservoir during the 2015 peak recreation season were from Newberry County, the majority of Parr Reservoir waterfowl survey respondents were from Richland and Lexington counties.  As Richland and Lexington counties are anticipated to have the greatest growth rates from 2015 to 2030, one may also surmise that waterfowl hunting in the Project area may also increase.    

It is projected that the population of the surrounding counties will increase by 12.9 percent from 2015 to the year 2030.  Fishing and boating are anticipated to remain the dominant recreation activities at Monticello Reservoir sites, and boat fishing and bank fishing are anticipated to remain the dominant recreation activities at Parr Reservoir sites.  

There are many uncertainties when predicting future recreation use, including new technologies, shifting demographic patterns, and economic growth.  Study data shows that Project facilities are well used, and in good condition.  While data indicates that some sites may be used at rates approaching or at capacity during peak periods, there are alternative sites in the vicinity that provide similar amenities with lower density ratings.  Moreover, crowdedness ratings for all Project facilities were shown to be low to moderate.  Data related to the need for additional facilities and amenities, as summarized in this report, will be assessed in coordination with stakeholders on the Recreation and Lake & Land Management RCG. Project stakeholders will collectively work to develop appropriate measures to enhance Project recreation resources over the anticipated license term.  These measures will be included in a Settlement Agreement and proposed Recreation Management Plan to be filed with the Final License Application.





[bookmark: _Toc343591225]



AUGUST 2016	6-6	

[bookmark: _Toc459568589]REFERENCES

Cordell, H. Ken, et al. 2004. Outdoor Recreation for 21st Century America: A Report to the Nation: The National Survey on Recreation and the Environment. State College, PA: Venture Publishing Inc.

South Carolina Department of Parks, Recreation and Tourism, Recreation, Planning and Engineering Office. 2008. South Carolina Statewide Comprehensive Outdoor Recreation Plan.

StudySC.org. 2014. Piedmont. [Online] Accessed March 18, 2014. URL: http://studysc.org/elementary/piedmont.

South Carolina Revenue and Fiscal Affairs Office (SCRFA). 2016a. South Carolina Fiscal Abstract, Population and Population Estimates. Accessed at http://abstract.sc.gov/chapter14/pop6.html on July 12, 2016.

South Carolina Revenue and Fiscal Affairs Office (SCRFA). 2016b. South Carolina Fiscal Abstract, Population Projections. Accessed at http://abstract.sc.gov/chapter14/pop5.html on July 12, 2016.

University of South Carolina, Institute of Public Service and Policy Research (USC). 2005. South Carolina Recreation Participation & Preference Study. Prepared for the South Carolina Department of Parks, Recreation and Tourism, Recreation, Planning and Engineering Office. Accessed at https://www.scprt.com/files/RPE/2005%20Rec%20Study.pdf on July 12, 2016.

White, Eric M., J. M. Bowker, Ashley E. Askew, Linda L. Langner, J. Ross Arnold, Donald B.K. English. 2014. Federal Outdoor Recreation Trends: Effects on Economic Opportunities National Center for Natural Resources Economic Research (NCNRER) NCNRER Working Paper Number 1, October 2014. Accessed at http://www.fs.fed.us/research/docs/outdoor-recreation/ficor_2014_rec_trends_economic_opportunities.pdf on July 13, 2016.













AUGUST 2016	7-1	

Appendix A



Parr Recreation Use and Needs Study Plan




Appendix B



2014 Waterfowl Focus Group Meeting Summary
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RECREATION USE AND NEEDS STUDY PLAN 


 


PARR HYDROELECTRIC PROJECT 


(FERC NO. 1894) 


 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 


 


 


 


1.0 INTRODUCTION 


South Carolina Electric & Gas Company (SCE&G) is the Licensee of the Parr Hydroelectric 


Project (FERC No. 1894) (Project). The Project consists of the Parr Hydro Development and the 


Fairfield Pumped Storage Development. Both developments are located along the Broad River in 


Fairfield and Newberry Counties, South Carolina.  


The Parr Hydro Development forms Parr Reservoir along the Broad River. The Development 


consists of a 37-foot-high, 200-foot-long concrete gravity spillway dam with a powerhouse 


housing generating units with a combined licensed capacity of 14.9 MW. Parr Hydro operates in 


a modified run-of-river mode and normally operates to continuously pass Broad River flow. The 


13-mile-long Parr Reservoir has a surface area of 4,400 acres at full pool and serves as the lower 


reservoir for pumped-storage operations.  


The Fairfield Pumped Storage Development is located directly off of the Broad River and forms 


the 6,800-acre upper reservoir, Monticello Reservoir, with four earthen dams. As noted, Parr 


Reservoir serves as the lower reservoir for pumped storage operations. The Fairfield 


Development has a licensed capacity of 511.2 MW and is primarily used for peaking operations, 


reserve generation, and power usage.  


2.0 PURPOSE OF THE STUDY 


The Project is currently involved in a relicensing process which involves cooperation and 


collaboration between SCE&G, as licensee, and a variety of stakeholders including state and 


federal resource agencies, state and local government, non-governmental organizations (NGO), 


and interested individuals.  The collaboration and cooperation is essential to the identification of 


and treatment of operational, economic, and environmental issues associated with a new 
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operating license for the Project.  SCE&G has established several Technical Working 


Committees (TWC's) with members from among the interested stakeholders with the objective 


of achieving consensus regarding the identification and proper treatment of these issues in the 


context of a new license. 


 As a part of this process, SCE&G is proposing to perform an assessment of existing and future 


recreational use, opportunities, and needs for the Project. The assessment is designed to provide 


information pertinent to the current and future availability and adequacy of SCE&G owned and 


managed recreation sites and specific informal recreation areas at Monticello Reservoir and the 


Parr Reservoir. The overall study plan objective is to identify current and potential recreational 


use, opportunities, and needs at the Project by addressing the following goals and objectives: 


Goal 1: Characterize the existing recreational use of SCE&G’s recreation sites on Monticello 


Reservoir and Parr Reservoir. This will be accomplished by meeting the following 


objectives: 


 


i. Identify recreation points, inventory the services and facilities offered at each, 


and assess the general condition of each site (including whether the site 


provides barrier free access). 


ii. Identify the patterns of use at each site (type, volume, and daily patterns of 


use). 


 


Goal 2: Characterize existing use of waterfowl areas (Broad River Waterfowl Area, Enoree 


River Waterfowl area) and SCE&G recreation lands by hunters during designated 


hunting seasons. This will be accomplished by meeting the following objectives: 


  


  i. Identify the patterns of use within the Project boundary (type, volume, and 


  daily/seasonal patterns of use).  


 


Goal 3: Identify future recreational needs relating to public recreation sites on Monticello 


Reservoir and Parr Reservoir. This will be accomplished by meeting the following 


objectives: 


 


i. Identify existing user needs and preferences, including perceptions of 


crowding at recreation sites. 


ii. Estimate future recreational use of existing recreation sites. 


iii. Identify future needs for new recreation sites and facilities. 
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3.0 STUDY AREA 


SCE&G designated recreation sites and informal recreation areas on Monticello Reservoir 


(Figure 1 ) and Parr Reservoir (Figure 2 ) that will be included in this assessment 


include the following: 


TABLE 1 RECREATION SITES TO BE ASSESSED 


MONTICELLO RESERVOIR 


RECREATION SITES & INFORMAL AREAS 


PARR RESERVOIR 


RECREATION SITES & INFORMAL AREAS 


1. Scenic Overlook (SCE&G-maintained 


portion) 


1. Cannon's Creek Boat Ramp 


2. Hwy 215 Boat Ramp 2. Heller's Creek Boat Ramp 


3. Hwy 99 Boat Ramp 3. Broad River Waterfowl Area (vehicle 


counter only) 


4. Recreation Lake Access Area 4. Hwy 34 Boat Ramp (vehicle counter only) 


5. Informal fishing area, east side of Hwy 99 5.     Enoree River Waterfowl Area (vehicle 


counter only) 


 6. Enoree River Bridge Informal Access 


Area (vehicle counter only) 
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FIGURE 1 MONTICELLO RESERVOIR RECREATION STUDY SITES 
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FIGURE 2 PARR RESERVOIR RECREATION STUDY SITES 


 


4.0 STUDY SEASON 


Study seasons will vary by study area based upon current knowledge of use patterns. Study 


seasons should capture specific seasonal activities, including hunting during legal seasons and 


on-water recreational use during the peak season (typically defined as Memorial Day to Labor 


Day). As hunting season dates vary annually based upon SCDNR board decisions, only 


approximate date ranges for specific targeted mail-in survey activities are provided within this 


study plan.  Exact dates for waterfowl survey activities will be determined when study season 


dates are published, anticipated being mid-summer 2014.  Study season specifics are further 


described below. 
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4.1 MONTICELLO RESERVOIR 


Primary interview activities will occur from April 1 through Labor Day, 2015.  Additional 


interviews will be conducted from February 1 through March 31, 2016 in order to capture 


recreational activity on the Reservoir during early crappie season. Specific targeted survey 


activities with mail-in surveys, as described in Section 5.5, will occur during the Canada Geese 


hunting season (approximately September 1 through September 30, depending on yearly SCDNR 


approved seasons). 


4.2 PARR RESERVOIR 


Primary interview activities, as described in Section 5.0, will occur from April 1 through Labor 


Day, 2015, to encompass turkey hunting season, as well as the peak recreation season. Specific 


targeted survey activities with mail-in surveys, as described in Section 5.5, will occur during 


Migratory Waterfowl Seasons, including Canada Geese hunting season (approximately 


September 2015 through January 2016, depending on yearly SCDNR approved seasons).   


5.0 DATA COLLECTION METHODS 


A variety of data collection techniques will be used to obtain the information necessary to meet 


the study objectives. Table 2 identifies the information needed to address each objective and the 


data collection methods to be used. Both primary and secondary data will be utilized. Primary 


data will entail site inventories, user counts, and use surveys (exit interviews). Secondary data 


will include U.S. Bureau of Census data, the South Carolina Statewide Comprehensive Outdoor 


Recreation Plan (SCORP), SC Recreation Participation & Preference Study, and other relevant, 


readily available literature. Additional input will be solicited from the Lake & Land Management 


and Recreation Resource Conservation Group (RCG), Recreation TWC, and target "focus 


groups" of especially knowledgeable individuals, offering knowledge of the recreation resources 


and needs of the lake and river. 
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TABLE 2 RECREATION USE AND NEEDS STUDY PLAN OBJECTIVES AND EFFORTS 


OBJECTIVES INFORMATION NEEDED SOURCE 


Goal 1: Characterize existing recreational use of recreation sites on Monticello Reservoir and the Parr Reservoir 


Identify formal recreation sites, inventory the services and 


facilities offered at each, and assess the general condition 


and ADA compliance of each site 


 Physical inventory of all boat ramps, grills, 


shelters, restrooms, parking capacity, etc., at 


each site 


 General assessment of site condition to 


include maintenance, basic rehabilitation 


needs, etc. 


 Visitors’ assessment of site conditions 


 Identification of activities that occur at each 


site 


 ADA compliance assessment 


 Recreation Site Inventory 


 Survey of Recreation Site Users 


Identify the patterns of use at each site (type, volume, and 


daily patterns of use) 
 Utilize vehicle counts as an estimation of 


people 


 Estimate of # people/vehicle 


 Estimate of # vehicles/site 


 Parking capacity 


 Traffic Counter Data 


 Surveyor Counts of Vehicles at 


Recreation Sites 


 Survey of Recreation Site Users - # 


of people per vehicle and length of 


visit 


 Recreation Site Inventory - # of 


parking spaces 


 County data from Scenic Overlook 


 


 


 


OBJECTIVES INFORMATION NEEDED SOURCE 


Goal 2: Characterize existing use of waterfowl areas (Broad River Waterfowl Area, Enoree River Waterfowl area) and SCE&G recreation lands by hunters 


during designated hunting seasons. 


Identify the patterns of use within the Project boundary 


(type, volume, and daily/seasonal patterns of use). 
 Estimation of # hunters/site or waterfowl area  Counts of Vehicles at Recreation 


Sites/waterfowl areas 


 Mail-in questionnaire specific to 


hunting use at the Project 


 SCDNR waterfowl use data 


 SCDNR hunting permit data 
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OBJECTIVES INFORMATION NEEDED SOURCE 


Goal 3:  Identify future recreational needs relating to public recreation sites on Monticello Reservoir and Parr Reservoir 


Identify existing user needs and preferences, including 


perceptions of crowding at recreation sites 


 


 User preferences and opinions of needs and 


crowding at sites 


 Condition assessment 


 Survey of Recreation Site Users 


 Recreation Site Inventory 


Estimate future recreational use of existing recreation sites  Current inventory and use data from Goals 1 


and 2 


 Population projections for the project area 


 Recreational use trends 


 Results of Goals 1 and 2 


 U.S. Bureau of Census Data 


 SC Division of Research & Statistics 


(Budget and Control Board) 


 SCORP, SC Recreation Participation 


& Preference Study, or other readily 


available literature 


Identify future needs for new recreation sites and facilities  Population projections 


 Recreation use trends 


 "focus group" (stakeholders) knowledge of 


recreation resources and needs 


 SC Div. of Research & Statistics 


 SCORP, SC Recreation Participation 


& Preference Study, Palmetto 


Conservation Foundation trail use 


data, or other literature  


 Recreation TWC and Lake and Land 


Management & Recreation RCG 
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The capacity, availability, and overall condition of existing recreation sites will be assessed 


through review of existing information and an on-site inventory (Section 5.1). Recreational use 


of SCE&G’s public recreation sites (Table 2) during the appropriate recreation season (as 


described in 4.0) will be estimated using a combination of data including traffic count, survey 


data, spot counts, and additional collection methods as described in Section 5.2, 5.3, 5.4, and 5.5. 


Methods for estimating recreational use are described in Section 6.0. 


5.1 RECREATION SITE INVENTORY 


Data on the types of amenities, activities supported, and the parking capacity of recreation sites 


at the Project, and the land area each site encompasses will be obtained from two sources. First, 


existing information regarding recreation sites such as FERC Form 80's and existing GIS data 


layers will be referenced. Second, a site visit will be made to collect data on the type, number, 


and size of facilities (restrooms, parking areas, boat ramps, picnic shelters and tables, etc.) 


located at each site. The general condition of recreation facilities will be recorded along with a 


qualitative assessment of whether the site is considered "barrier free". A copy of the inventory 


form is provided in Appendix A. 


Upon completion of the inventory, all data will be uploaded into a database; anticipated to be a 


GIS database. The database will be structured so that it can be used in a variety of formats 


(brochure, maps, web pages, etc.) and can be updated as recreation sites are modified, added, or 


changed in any way. 


5.2 TRAFFIC COUNTS 


Traffic counters will be installed to record the number of vehicles that enter and exit the public 


recreation areas. Traffic count data will be collected for an entire year in order to capture the 


various hunting seasons. On Monticello Reservoir, traffic counters will be installed at the lake 


access point of the Scenic Overlook, the Hwy 215 Boat Ramp, the Hwy 99 Boat Ramp, 


Recreation Lake Access Area, and the Hwy 99 informal fishing area. At Parr Reservoir, traffic 


counters will be installed at Cannon's Creek Boat Ramp, Heller's Creek Boat Ramp, Broad River 


Waterfowl Area, Hwy 34 Boat Ramp, Enoree River Waterfowl Area, and the Enoree River 


Bridge informal area. 
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5.3 PUBLIC RECREATION AREA VISITOR EXIT INTERVIEWS 


The preferences and perceptions of people using SCE&G’s recreation sites and informal areas 


are important inputs in management decisions regarding the adequacy and availability of existing 


recreation sites. Information from recreation site users will be obtained via an onsite survey from 


April 1 through Labor Day, 2015, and from February 1 through March 31, 2016, on Monticello 


Reservoir and from April 1 through Labor Day, 2015, for Parr Reservoir.  


Exit surveys will be administered to collect user characteristics (origin, gender, age, group size, 


etc.), the type of land-based and water-based recreation activities individuals are participating in, 


length of stay, perceptions of crowdedness, and conditions of recreation sites at the Project. 


Visitor demographic information will also be collected. Surveys will be conducted at the 


following locations: 


Monticello Reservoir 


 Scenic Overlook  


 Hwy 215 Boat Ramp 


 Hwy 99 Boat Ramp 


 Recreation Lake Access Area 


 Hwy 99 informal Fishing Area 


 


Parr Reservoir 


 Cannon's Creek Boat Ramp 


 Heller's Creek Boat Ramp 


 


The data collected will be used to provide a general pattern of recreation use and assist in the 


development of recreation use estimates at access sites. The data will also provide recreation user 


inputs on "crowdedness" and potential facility needs. The survey will be pre-tested in the field 


prior to implementation and revisions will be incorporated, as necessary. If any significant 


revisions to the survey or study protocol are deemed necessary subsequent to field pre-testing, 


the TWC will be notified.  


Two survey versions will be implemented – one for Monticello Reservoir and one for Parr 


Reservoir. The two survey versions will be very similar to each other and will contain similar 


questions. Draft questionnaires are provided in Appendix B. 
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A draft sampling plan (Appendix C) has been prepared in consultation with the TWC utilizing 


stratified random sampling in order to complete at least 30 days of interviewing at each 


recreation site. Sampling days are made up of weekends, weekdays and holidays.  Weekends will 


be sampled at a greater rate than weekdays, to account for the heavier use that typically occurs 


during those periods. Moreover, all major national holidays that fall within the recreation season 


have been included in the sampling plan (i.e., Memorial Day weekend, July 4th weekend, and 


Labor Day weekend)(Table 3).  Furthermore, as the sampling season approaches, the TWC will 


be consulted on the potential for including special event days with the holidays.    


TABLE 3 LIST OF HOLIDAYS TO BE INCLUDED IN THE 2015 RUNS EXIT INTERVIEW 


SAMPLING PLAN 


DATE HOLIDAY 


May 23, 2015 Saturday before Memorial Day 


May 24, 2015 Sunday before Memorial Day 


May 25, 2015 Memorial Day 


July 3, 2015 Friday before Independence Day 


July 4, 2015 Independence Day 


July 5, 2015 Sunday after Independence Day 


September 5, 2015 Saturday before Labor Day 


September 6, 2015 Sunday before Labor Day 


September 7, 2015 Labor Day 


 


All survey clerks will be trained thoroughly as a means of quality control. Survey clerks will be 


provided with detailed information on the study schedule, appropriate materials to aid in data 


collection, and direction on appropriate interviewing techniques and attire. Interviewers will also 


be provided with an incentive for survey respondents to complete the survey.  


5.4 SPOT COUNTS 


Spot counts will be conducted at the public recreation sites identified in Section 5.3 once per 


interview period, concurrent with exit interviews. Specifically, spot counts will document the 


number of visitors and/or vehicles present at that visit and help to characterize site use. 


Information recorded during spot counts will include: date, time, and weather; amount of vehicle 


and vehicle/trailer parking capacity in use; number and type of activities observed at the site; and 


state license plate data. Spot count data will be used in parallel with traffic counter data.  
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5.5 ADDITIONAL USER DATA COLLECTION EFFORTS 


Waterfowl hunting typically occurs during the fall and winter months. Waterfowl hunters 


represent a unique group of users whose preferences and perceptions may differ from those using 


recreation sites during the summer months. The preferences and perceptions of waterfowl 


hunters will be identified through use of a panel of waterfowl hunters.  


Kleinschmidt will work with the Recreation TWC to identify waterfowl organizations whose 


hunters use the Project. A panel will be assembled from willing participants of the respective 


organizations. Should not enough participants be available from the organizations, additional 


individual hunters may be sought out to serve on the panel. A small group of hunters will be 


invited to participate in a group meeting, similar to a focus group, to identify the opportunities 


and needs of waterfowl hunters using Project access areas. The information collected will be 


similar to that of the access site survey. Kleinschmidt will recruit the hunters, develop a meeting 


format and materials, and will conduct the meeting. It is anticipated that the meeting will occur 


during the waterfowl hunting season. 


Additionally, mail-in surveys similar to the access site survey will be distributed at the Broad 


River1 and Enoree River Waterfowl Areas, on Parr Reservoir during waterfowl hunting season.  


On Monticello Reservoir, mail-in surveys will be distributed on vehicles parked at the Hwy 215 


boat ramp and the Hwy 99 boat ramp during Canada Geese season. The study seasons for 


Monticello Reservoir and Parr Reservoir, as discussed in Section 4.0, will capture the turkey 


hunting season through exit interview activities.  


Representation of those utilizing the Project during local fishing tournaments are anticipated to 


be represented during access site exit interviews, as registration, check-in and weigh-in typically 


occurs at access areas.  


 


 


                                                 
1
 In lieu of distributing mail-in surveys on parked vehicles at the Broad River Waterfowl Area, mail-in surveys may 


be provided to SCDNR to distribute to hunters winning the opportunity to hunt at this site through the SCDNR 


Public Lottery Hunt program. 
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6.0 ANALYSIS 


The following sections provide a description of the approach for estimating existing and future 


recreational use, recreation site capacity and use density percentages, and recreation needs. 


6.1 CURRENT RECREATION USE ESTIMATES 


The reported estimates of recreation will be presented in "recreation days". The FERC defines a 


recreation day as one visit by a person to a development for purposes of recreation during any 


24-hour period. The weekday, weekend, and holiday average recreation days will be calculated 


for each Monticello Reservoir and Parr Reservoir recreation site utilizing the traffic counters and 


recreation site survey data. The average number of people at each site within the morning and 


afternoon periods will be estimated within each day type and converted to a daily estimate. Daily 


estimates for each day type will be expanded to represent the study period and summed for a 


total estimate for each recreation site.  


6.2 FUTURE RECREATION USE ESTIMATES 


Estimated projections of future recreation use at Monticello Reservoir and Parr Reservoir will be 


developed using the average annual increase in population growth over the past 10 years, as 


reported by the Census Bureau or the State Division of Research and Statistics, for Newberry, 


Fairfield and Richland counties2. The estimates will be augmented with discussion of trends 


reported in the SCORP (2014) and the SC Recreation Participation & Preference Study (2005). 


Estimated projections will be provided in 5 year intervals for the anticipated term of the license 


up to 50 years into the future (through year 2070). 


While it is acknowledged that future changes in the supply of recreation resources, either in their 


quantity, accessibility, and/or quality may influence future demand and use, the demand analysis 


undertaken for this study does not attempt to predict what these future changes might consist of 


or how they might specifically affect levels of use at Project facilities. Therefore, the demand 


analysis results should be viewed as a general guide of potential future recreation pressure 


developed for planning purposes only. 


                                                 
2
  Although Richland County is not within the FERC Project boundary, it is believed that a significant number of 


those who recreate at the Project reside within Richland County. 
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6.3 RECREATION SITE CAPACITY 


For purposes of this study, the carrying capacity for a recreation site is defined as the number of 


vehicles and boat trailers that can be parked at a recreation site at one time, based on the number 


of available parking spaces associated with each site. For paved parking areas, this will be 


achieved by counting the number of designated parking spaces available at the recreation site. 


For gravel parking areas, the number of available parking spaces for each recreation site will be 


estimated by measuring the area (sq ft) available for parking and estimating the number of 


vehicles that could be parked at the location, if optimal space were utilized. These estimates will 


be based on parking capacity standards for vehicle length, width, and available turn around 


space. 


6.4 RECREATION SITE USE DENSITY 


The use density of recreation sites will be estimated by comparing the average observed number 


of vehicles at the sites on sampled weekday, weekend, and holiday days with the available 


parking capacity for each recreation site. The average observed number of vehicles divided by 


the parking capacity will provide an estimated use density for each site.  


6.5 RECREATION NEEDS ASSESSMENT 


The need for recreation and site development or modification of existing recreation resources 


will be assessed based on the inventory, condition, capacity, and exit interview survey results. 


The needs assessment will focus on the existing condition and user opinions of recreation sites, 


whether a particular site provides "barrier free" access, and the ability of sites to meet current and 


anticipated future recreation demand pressures. Consideration will also be given to site 


opportunities and constraints, as well as support facilities such as signage and maintenance. The 


need for new recreational sites, facilities, and shoreline will be determined through assessment of 


the information collected and the input of stakeholders on the Recreation TWC and Lake & Land 


Management RCG. 
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7.0 SCHEDULE 


The proposed schedule for completion of the Recreation Use and Needs Study is as follows: 


TASK DATE 


Mobilization for field work (includes field clerk 


hiring, training, etc.) 
March 2015 


Survey development and pre-testing March 2015 


Installation of Traffic Counters March 31, 2015 


Interview survey collection (Monticello Reservoir) 


April 1-September 7 (Labor Day, 


2015); and February 1 - March 31, 


20163 


Interview survey collection (Parr Reservoir) 
April 1 -September 7 (Labor Day, 


2015) 


Waterfowl survey activities 
Throughout 2015 and early 2016 


during appropriate seasons. 


Early data entry, cleaning, and processing Early October 2015 


Determine if additional data collection is needed December 20154 


Conduct analyses April - July 2016 


Submit draft report July 2016 


Finalize report July/August 2016 
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Engineering Office. 2008. South Carolina Statewide Comprehensive Outdoor Recreation 


Plan. 


University of South Carolina. 2005. South Carolina Recreation Participation & Preference Study. 


Prepared for the South Carolina Department of Parks, Recreation and Tourism. (Online) 


[URL]: http://www.scprt.com/files/RPE/2005%20Rec%20Study.pdf 


 


 


                                                 
3
  The recreation season has been extended into 2016 on Monticello Reservoir in order to capture use data during  


the early crappie season, from February 1 through March 31, 2016. 
4
  If additional data collection is required, data collection methods, results and analyses, developed and assessed in 


cooperation with the Recreation RCG, will be provided in an addendum to the report. 







 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


APPENDIX A 


 


SITE INVENTORY FORM







 


 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 


 


RECREATION ASSESSMENT STUDY PLAN 


 


PARR HYDROELECTRIC PROJECT 


(FERC NO. 1894) 


 


SCE&G Public Site Inventory Form 


 


Inspected by: ________ Date: _______ 


 


Site Name: ___________________________  


 


Site Address: __________________________________________________________________ 


 


City: _____________________ State: _SC_ Zip Code: ___________ 


 


Facility Type: 


 


_____ Primitive Camp _____ Picnic Area ____ Day Use 


_____ Overlook Site _____ Informal Site ____ Launch Ramp 


 


Road Access: 


 


_____ Paved access........................................______ # of lanes 


_____ Unpaved access ...................................______ # of lanes – (Circular entrance/exit) 


 


Operations: 


 


_____ Manned _____ Seasonal (From_____To_____) 


_____ Unmanned _____ Year Round 


_____ Fee ($) ........... (Site_____; Parking;_____) 


  







 


 


Site Amenities: 


 


 # Type # Type  


_____ Picnic Tables _____ Potable Water 


_____ Grills _____ Boat Fuel 


_____ Firepit/ring _____ Trash Cans 


_____ Boat Pump Out _____ Docks 


_____ Trails (specify use_____________: Miles_____) _____ Playground 


_____ Shelter _____ Showers 


_____ Designated Swim Area _____ Concession 


_____ Store _____Marina (# of slips_____) 


_____ Dumping Station 


 


Parking Lots: 


 


 Estimated Estimated 


Type # Paved # Gravel  


ADA Spaces _____ _____ _____ Spaces delineated? 


Regular Spaces _____ _____ _____ Curbs? 


Vehicle & trailer spaces _____ _____ 


 


Sanitation Facilities: 


 


 Flush (BF*?) Portable (BF?) Showers (BF?) 


Unisex _____ (_____) _____ (_____) _____ (_____) 


Women _____ (_____) _____ (_____) _____ (_____) 


Men _____ (_____) _____ (_____) _____ (_____) 


*BF - Barrier Free 


Campground/Campsite: 


 


 RV sites Cabins Tent sites Primitive sites 


# of sites ______ ______ ______ ______ 


On site parking ______ ______ ______ ______ 


Water front ______ ______ ______ ______ 


Barrier Free ______ ______ ______ ______ 


 







 


 


 


Boat Launch Facilities: 


 


_____ Hard surface _____ Unimproved (informal) _____ # of Lanes 


_____ Gravel _____ Carry In _____ Boat Prep Area? 


 


Courtesy/Fishing Docks: 


 


Courtesy/Fishing Dimensions Barrier Free 


______________ ______________________ ______________________________ 


______________ ______________________ ______________________________ 


______________ ______________________ ______________________________ 


______________ ______________________ ______________________________ 


______________ ______________________ ______________________________ 


 


Notes:   


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


______________________________________________________________________________ 


 


Picture Number From _____ To ____ 


 
  







 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


APPENDIX B 


 


RECREATION SITE QUESTIONNAIRES 
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Monticello Reservoir Public Access Site Questionnaire 


Clerk: _______________  Site:  _______________  Date: ______________ Time: __________ am/pm 


Weather:  Sunny  Partly Cloudy  Cloudy  Light Rain  Heavy Rain 


RESPONDENT GENDER:    Male      Female RESPONDENT REFUSED INTERVIEW:  
NUMBER OF PEOPLE IN VEHICLE:   RESPONDENT DOES NOT SPEAK ENGLISH:  
VEHICLE HAS A BOAT TRAILER:     RESPONDENT IS NOT 18 YEARS OR OLDER:  
RESPONDENT HAS BEEN INTERVIEWED AT THIS SITE PREVIOUSLY:  


 
THE FIRST FEW QUESTIONS ASK ABOUT YOUR EXPERIENCE HERE TODAY 


 
1. Including yourself, how many people are in your party today? (Fill in blank.) 


 _____ people in party 
 
2. What time did you arrive at Monticello Reservoir today? (Fill in blank.) 


 __________ am / pm 
 
3. What is the primary recreation activity that you participated in today at Monticello 


Reservoir? (Please read the list to respondents.  Check only one main activity in the 
first column.)   


 What other activities did you participate in today at Monticello Reservoir?  (Check all 
that apply in the second column.) 


Check only 
one main 
activity 


Check all 
other 


activities 


 
 
Types of Activities 


  FISHING: 


  boat fishing 


  pier/dock fishing 


  bank fishing 


  BOATING: 


  motor boating 


  pontoon/party boating 


  sailing 


  canoeing/kayaking 


  windsurfing 


  paddleboarding 


  OTHER: 


  bicycling 


  tent or vehicle camping 


  horseback riding 


  walking/hiking/backpacking 


  sightseeing 


  hunting 


  nature study/wildlife viewing/photography 


  swimming 


  picnicking 


  sunbathing 


  other:_________________________________ 
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Check only 
one main 
activity 


Check all 
other 


activities 


 
 
Types of Activities 


  None 


 
 
4. Did you spend any time on the water on Monticello Reservoir today? (Check one 


box.) 


  YES 
  NO (If no, skip to Question 6.) 
 
5A. Did you recreate on any of the islands on Monticello Reservoir today? 
 
  YES 
  NO (If no, skip to Question 6.) 
 
 
5B. What activities did you participate in while on the island(s)?  (Do not read this list.  
Allow respondent to answer and check all that apply and/or fill in the blanks.) 
  


     sunbathing       bank fishing       hunting 


     camping       walking/hiking       sightseeing 


     nature study/wildlife 
viewing/photography      swimming      picnicking 


      other (please specify: ______________________________________________) 
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6. On a scale from 1 to 5, with 1 being light, 3 being moderate, and 5 being heavy, how 
would you rate the crowdedness at this recreation site today? (Circle one number.) 


Light Moderate Heavy 


 
 


 
 


 
 


 
  1 2 3 4 5 


 
7A. On a scale from 1 to 5, with 1 being poor and 5 being excellent, how would you rate the 


overall condition of this recreation site today? (Circle one number.) 


Poor Excellent 


 
 


 
 


 
 


 
  1 2 3 4 5 


 


7B. Why did you choose to come to this recreation site today? (Fill in the blank.) 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 


 
7C. Are there any additional facilities needed at this recreation site? (Check one box.) 


  YES 
  NO (If no, skip to Question 8.) 
 
7D. What do you recommend? (Do not read this list.  Allow respondent to answer and check 


all that apply and/or fill in the blanks.) 


  


      access road       bank fishing area       boat dock 


      boat launch       camping area       fish cleaning station 


      fishing pier/dock       lighting       parking lot 


      picnic tables/shelter       restrooms       signs & information 


      swimming area       trails       trash cans 


      RV camping       tent camping 
      bilingual signs & 
information 


      other (please specify: ______________________________________________) 


 


7E. Are there any other improvements that you would recommend for this site? 


  YES 
  NO (If no, skip to Question 8.) 
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7F. What improvements do you recommend?  (Fill in the blank.) 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 
 


8. What was your primary reason for choosing to recreate at Monticello Reservoir today 
verses another lake or area? (Fill in blank.) 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 
 


9. What other lakes do you recreate at? (Fill in blank.) 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 
 


I HAVE JUST A FEW MORE QUESTIONS 
 
10. Do you own a permanent or seasonal lakefront residence on Monticello Reservoir?  


What is your zip code? (Check one box and fill in the blank for zip code.) 


  YES – Permanent Home  ZIP CODE:     


  YES – Seasonal Home   ZIP CODE:     


  NO - Non-lakefront resident   ZIP CODE:     
 
11. In what year were you born? (Fill in blank.) 


 ___________ YEAR 
 
12. Do you have any additional comments about the recreation facilities at Monticello 


Reservoir?  (Please fill in blank and be as specific as possible.) 


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 


THANK YOU FOR YOUR HELP!  WE APPRECIATE YOUR TIME TODAY!
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Parr Reservoir/Broad River Public Access Site Questionnaire 


Clerk: _______________  Site:  _______________  Date: ______________ Time: __________ am/pm 


Weather:  Sunny  Partly Cloudy  Cloudy  Light Rain  Heavy Rain 


RESPONDENT GENDER:    Male      Female RESPONDENT REFUSED INTERVIEW:  
NUMBER OF PEOPLE IN VEHICLE:   RESPONDENT DOES NOT SPEAK ENGLISH:  
VEHICLE HAS A BOAT TRAILER:     RESPONDENT IS NOT 18 YEARS OR OLDER:  
RESPONDENT HAS BEEN INTERVIEWED AT THIS SITE PREVIOUSLY:  


 
THE FIRST FEW QUESTIONS ASK ABOUT YOUR EXPERIENCE HERE TODAY 


 
1. Including yourself, how many people are in your party today? (Fill in blank.) 


 _____ people in party 
 
2. What time did you arrive at Parr Reservoir today? (Fill in blank.) 


 __________ am / pm 
 
3. What is the primary recreation activity that you participated in today at Parr Reservoir? 


(Please read the list to respondents.  Check only one main activity in the first column.)   


 What other activities did you participate in today at Parr Reservoir?  (Check all that 
apply in the second column.) 


Check only 
one main 
activity 


Check all 
other 


activities 


 
 
Types of Activities 


  FISHING: 


  boat fishing 


  pier/dock fishing 


  bank fishing 


  BOATING: 


  motor boating 


  canoeing/kayaking 


  OTHER: 


  tent or vehicle camping 


  horseback riding 


  walking/hiking/backpacking 


  Sightseeing 


  Hunting 


  nature study/wildlife viewing/photography 


  Swimming 


  Picnicking 


  Sunbathing 


  
other:_________________________________


_ 


  None 
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4. On a scale from 1 to 5, with 1 being light, 3 being moderate, and 5 being heavy, how 
would you rate the crowdedness at this recreation site today? (Circle one number.) 


Light Moderate Heavy 


 
 


 
 


 
 


 
  1 2 3 4 5 


 
5A. On a scale from 1 to 5, with 1 being poor and 5 being excellent, how would you rate the 


overall condition of this recreation site today? (Circle one number.) 


Poor Excellent 


 
 


 
 


 
 


 
  1 2 3 4 5 


 


5B. Why did you choose to come to this recreation site today? (Fill in the blank.) 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 


 
5C. Are there any additional facilities needed at this recreation site? (Check one box.) 


  YES 
  NO (If no, skip to Question 6.) 
 
5D. What do you recommend? (Do not read this list.  Allow respondent to answer and check 


all that apply and/or fill in the blanks.) 


  


      access road       bank fishing area       boat dock 


      boat launch       camping area       fish cleaning station 


      fishing pier/dock       lighting       parking lot 


      picnic tables/shelter       restrooms       signs & information 


      swimming area       trails       trash cans 


      RV camping       tent camping 
      bilingual signs & 
information 


      other (please specify: ______________________________________________) 


 


5E. Are there any other improvements that you would recommend for this site? 


  YES 
  NO (If no, skip to Question 6.) 
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5F. What improvements do you recommend?  (Fill in the blank.) 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 


______________________________________________________________________ 
 


I HAVE JUST A FEW MORE QUESTIONS 
 
6. Do you own a permanent or seasonal residence on the Broad River?  What is your zip 


code? (Check one box and fill in the blank for zip code.) 


  YES – Permanent Home  ZIP CODE:     


  YES – Seasonal Home   ZIP CODE:     


  NO - Non-lakefront resident   ZIP CODE:     
 
7. In what year were you born? (Fill in blank.) 


 ___________ YEAR 
 
8. Do you have any additional comments about the recreation facilities on Parr 


Reservoir?  (Please fill in blank and be as specific as possible.) 


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 __________________________________________________________________________  


 


THANK YOU FOR YOUR HELP!  WE APPRECIATE YOUR TIME TODAY! 


 








Parr Shoals Hydroelectric Project Relicense – FERC No. 1894 
 


Waterfowl Hunters Focus Group Meeting Summary 


December 9, 2014 


  Kleinschmidt Offices – Lexington, SC    


 


Waterfowl Focus Group - Purpose Statement 
 
Waterfowl hunting is a recreation activity that occurs within the Parr Hydroelectric Project 


boundary.  As part of the relicensing of the Parr Hydroelectric Project, stakeholders identified 


the need to gather information from waterfowl hunters that use the Parr Project Area for hunting 


in order to learn about their use and perceptions regarding the adequacy of existing resources 


and opportunities within the Project boundary.  SCE&G, in consultation with stakeholders, has 


formed a Waterfowl Focus Group to aid in gathering this information. The resulting Focus 


Group information will be used to help SCE&G identify ways to support waterfowl hunting and 


balance waterfowl hunters' needs with other demands at the Project.  


 


Session Details 


Facilitators: Alison Jakupca, Henry Mealing, Kelly Miller - Kleinschmidt Associates 


Date of Session: December 9, 2014 


Participant Information:  


  Organization/Affiliation   Number Attending 


• Individual Waterfowl Hunters    3 


• SCDNR       3 


• Tyger Enoree River Alliance (TERA) Members  3 


• SCE&G Personnel      3 


• Kleinschmidt Personnel     3 


 


Results:  


SCE&G conducted a focus group of waterfowl hunters in December of 2014.  Information was 


gathered in 3 primary areas: personal hunting preferences, seasonal trends and distribution of 


activities, Project Area preferences and needs.  Individual waterfowl hunters and TERA 


members are collectively referred to as "attendees" in the following notes. 







Personal Hunting Preferences: 


• Most of the focus group attendees indicated that they hunted in the Project Area on a 


weekly basis during the hunting season, noting that they would hunt whenever time and 


personal commitments allow.   


• Attendees generally indicated that waterfowl hunting is more enjoyable as a group 


activity and that they prefer to hunt with 1 to 4 other people.  


• Attendees noted that hunting was usually preferable in the morning; however the 


preferable time of day to hunt was highly weather dependant.   


• Weekdays are preferred over Saturdays (no hunting allowable in the Project Area on 


Sundays) due to less crowding during the weekdays. 


• In general, all species of waterfowl are hunted, no particular species of interest is 


specifically sought.   


• Attendees indicated that they hunt by both boat and by wading.  Hunters generally boat in 


from a public launch facility and then wade to a particular hunting location. 


• The Project area launch facilities most often utilized by waterfowl hunters are as follows: 


Hwy 99 and the site at Hwy 215 on Monticello; Hwy 34 primitive site, the Dawkins 


access (primitive boat ramp and cross over RR tracks); and the Maybinton (Keitts 


Bridge1) landing on Parr. 


 


Seasonal Trends: 


• Attendees noted that they generally begin hunting on or around Thanksgiving Day and 


hunt through the end of January (concurrent with the state and federal seasons).  


However, many indicated that they also hunt during the September teal and goose 


seasons and the February goose season.   


• Holidays were indicated as being some of the best hunting days due to a lack of other 


hunters. 


• Attendees noted an observed decrease in wood duck populations in the Project Area in 


the last 3 to 4 years.  It was noted that snow geese are beginning to be observed in the 


Project Area. 


1 Please see clarification submitted subsequent to the meeting located at the end of this document. 
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Project Area Preferences and Needs: 


• Parr Reservoir and associated waterfowl areas seems to be preferred to Monticello 


Reservoir.  This may be due to the fact that Monticello Reservoir is only open to 


waterfowl hunting on Wednesday and Saturday, while Parr is open 6 days a week. 


• Attendees indicated that there was over-crowding at the Enoree Waterfowl Area.   


• It was noted that people drive from long distances to hunt at the Enoree Waterfowl Area 


due to the fact that it is a Category 22 waterfowl area (appears "attractive" on paper). 


• Attendees also indicated that they have been stranded a few times on the reservoir, as 


lake levels drop.  Additionally, attendees indicated that maintaining a Parr Reservoir level 


of 260' or above would be preferable, particularly during December and January. 


• A bridge may be needed in the Enoree River Waterfowl Area to allow people to hunt at 


the far side of the area.  This would, however, allow more public into this area, which 


may be a negative impact to serious hunters who wade to that area3.   


• Attendees indicated that they would like for SCE&G to maintain Hwy 34 in a primitive 


state.   


• The Maybinton site is difficult to get in and out of and could use some gravel or other 


boat launching improvements. 


• No improvements were recommended at Monticello recreation sites or at Heller's or 


Cannon's creek sites. 


• Enoree Waterfowl Area was indicated as being the most used site, being rated by 


attendees as a "5" (with "1" being light and "5" being heavy).   


• Focus group attendees indicated that the mainstem of the Broad River, from the 


Monticello tailrace to the Hwy 34 boat ramp, was also fairly crowded (rated as a "4" on 


Saturday mornings).   


• Attendees noted that hunting opportunities could possibly be improved in the Project 


Area through the creation of an additional waterfowl habitat/resting area (in particular, an 


area upstream of the Enoree Waterfowl Area, along the Enoree River)4.   


2 SCDNR defines a "Category 1" Waterfowl Area as one where hunting is permitted only by means of a special 
permit obtained from SCDNR through an annual drawing.  Hunting is permitted on an "Category 2" Waterfowl Area 
only during SCDNR specified days and times during state waterfowl seasons. 
3 Please see clarification submitted subsequent to the meeting located at the end of this document. 
4 Please see clarification submitted subsequent to the meeting located at the end of this document. 
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Parr Shoals Hydroelectric Project Relicense – FERC No. 1894 
 


Waterfowl Hunters Focus Group Meeting Summary 


December 9, 2014 


  Kleinschmidt Offices – Lexington, SC    


Other points and issues raised by focus group attendees: 


• Attendees indicated that there are general issues regarding disrespectful and 


inexperienced hunters in the Project Area; however, they also noted that this seems to be 


an issue present at any public hunting area and has been compounded by the new-found 


popularity of waterfowl hunting due to a popular TV show.  


•  An increase in the number of private impoundments was indicated as potentially 


attracting ducks away from Project Area waters.   


• The VC Summer nuclear station service water pond also provides a good sanctuary for 


waterfowl. 


• Attendees indicated that they general do not experience conflicts with other types of 


hunting in the Project Area (small game, large game, etc.).  They indicated that they 


occasionally experience conflicts with fisherman in the Project Area.   


• Several options were suggested by attendees to alleviate some of the crowding issues 


currently experienced at the Enoree Waterfowl Area.  All of these options would need to 


be implemented by S.C. Department of Natural Resources (SCDNR) and include:  


o  A SCDNR decision to categorize the Enoree Waterfowl Area as "Category 1" 


(currently "Category 2"). 


o Only allow a certain number of individuals to hunt the area at one time. 


o Require a hunting pass. 


o Only allow hunting on Wednesdays. 


• SCDNR indicated the desire to work with SCE&G on an annual basis to facilitate 


SCDNR management of waterfowl areas during planting and hunting seasons. In 


particular, was the discussion of SCE&G maintaining Parr Reservoir at levels that would 


assist with either flooding or draining of waterfowl areas. 


 


Conclusions: 


There were many common themes expressed during the focus group meeting.  Over-crowding at 


the Enoree Waterfowl Area was a main concern.  Some improvements were suggested at the 


Hwy 34 boat ramp and the Maybinton Landing.  However, it was emphasized that 


improvements/maintenance should continue to focus on keeping these areas primitive.  Focus 







group attendees expressed satisfaction with the Monticello Reservoir access areas as well as the 


developed access areas at Parr (Cannons and Hellers Creek).  Attendees noted that desire to work 


with SCDNR to alleviate some of the crowding issues in the Project Area.  Potential 


opportunities for SCE&G and SCDNR to work together in the future for the management of 


waterfowl areas were also identified. 


 


Comments and Clarifications Submitted Subsequent to the Meeting  


 


The following comments were provided subsequent to the focus group meeting to clarify the 


preceding meeting summary:  


 
• In the "Personal Preferences" bullet points,  Keitts Bridge appears to be referenced as 


being on Parr Reservoir.  That landing is on the Enoree, upriver of the Enoree Waterfowl 
Area. 


 
• In the "Project Area Preference and Needs" bullet points,  there is a reference to the foot 


bridge in the Enoree Waterfowl Area.  That bridge already exists.  The conversation was 
about the fact that the bridge may be contributing to the over - crowding issue in the 
area.  It does provide easier access to the far side of the area.  Previously,  that area was a 
long walk around the impoundment.  Now wading to that area is possible because the foot 
bridge gets you over the creek channel out in the middle of the water. 


 
• In the "Project Area Preference and Needs" bullet points,  there is mention of "improving 


hunting opportunities" regarding the SCE&G property upstream of the Enoree Waterfowl 
Area.  To be clear,  the intent of the suggested enhancements to the area is to restore 
wetland habitat for waterfowl and other wetland dependant organisms.... critters.  With its 
proximity to the Enoree Waterfowl Area,  it is possible that the improved area would be a 
sanctuary.  While this would contribute to overall habitat,  I am not sure it directly 
contributes to "hunting opportunities".  Waterfowl hunters have long correlated habitat 
conservation and restoration with sustaining populations conducive to hunting,  but the 
two efforts are distinct.   
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Appendix: Focus Group Discussion Questions 


 


1. When was the last time you hunted waterfowl in the Project Area (refer to map)? 


 


2. When you hunt waterfowl in the Project Area, how many people do you usually hunt with? 


 


3. What time of day do you usually hunt in the Project Area? 


 


4. Is there a specific month that you tend to hunt most frequently?  Why?  Are there any months 


during the season that you generally avoid?  Why? 


 


5. What species or group (geese, wood ducks, puddle ducks, diving ducks) of waterfowl do you 


typically hunt for in these areas? 


 


6. How many times a season do you typically hunt in these areas? 


 


7. Do you typically hunt on weekends, weekdays or both? 


 


8. Have you seen any changes in the species of ducks harvested over the last 5 years? 


 


9.  Looking at this map, I’d like you to show me areas where you typically hunt waterfowl in 


the Project Area.  Why do you choose to hunt waterfowl here? 


 


10. Do you typically hunt waterfowl by wading, from a boat, or both? 


 


11. For those of you who typically hunt from a boat, do you usually launch from private property 


or a public launch facility?  If either of the latter responses, which ones?  (looking for 


specific names here) 


 


12. I’d like to focus on the public access sites you use for launching on the lake for waterfowl 


hunting.  Are there any additional facilities needed at these sites?  [By “facilities” I mean 
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parking spaces, restrooms, launch lanes, lighting, etc.]  Are there any improvements that you 


would recommend for this site? 


 


13. On a scale from 1 to 5, with 1 being light, 3 being moderate, and 5 being heavy, how would 


you rate the crowdedness overall in the Project Area when you go waterfowl hunting? 


 


14. Do you experience conflicts with other types of hunting (small game, large game, etc.)  or 


recreation activities (fishermen) in the Project Area? 


 


15. How do you think waterfowl hunting in the Project Area could be improved? 
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From: Henry Mealing
To: Alison Jakupca; Alex Pellett (PellettC@dnr.sc.gov); ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); Caleb Gaston (caleb.gaston@scana.com);
Chad Altman (altmankc@dhec.sc.gov); Charlene Coleman (cheetahtrk@yahoo.com); Chris Johnston
(JohnstonWC@gmail.com); Chuck Hightower (hightocw@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov);
Dick Christie (christied@dnr.sc.gov); Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); J. Hagood
Hamilton Jr. (jhamilton@scana.com); Jim Glover (gloverjb@dhec.sc.gov); Jon Durham
(jondurham@bellsouth.net); Kelly Kirven; Lorianne Riggin (RigginL@dnr.sc.gov); Malcolm Leaphart
(mwleapjr@att.net); Mel Jenkins (greenpalmetto@yahoo.com); Pace Wilber (Pace.Wilber@noaa.gov);
rammarell@scana.com; randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov);
Sam Stokes (stokess@dnr.sc.gov); Scott Castleberry (castlews@dhec.sc.gov); Scott Harder; Shane Boring; Steve
Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov); Wayne and Ginny Boland
(wayneboland@bellsouth.net)

Cc: Jordan Johnson
Subject: Downstream Flow Fluctuation Meeting notes 08-17-2016
Date: Wednesday, August 31, 2016 3:50:32 PM
Attachments: 2016-08-17 Downstream Flow Meeting notes - draft for RCG Review.doc
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Good Afternoon All,
 
Attached you will find the Downstream Flow Fluctuation Meeting notes from 08-17-2016 for
your review.  Please look over them and provide your comments to me by September 14,
2016.
 
Thanks for your continued participation in the Parr Relicense.
 
Henry
 
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC  29072
706-339-3209
www.KleinschmidtGroup.com
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MEETING NOTES


SOUTH CAROLINA ELECTRIC & GAS COMPANY


Water Quality, Fish and Wildlife RCG Meeting


August 17, 2016

Draft JJJ 08-23-16



ATTENDEES:







Bill Argentieri (SCE&G)



Rusty Wenerick (SCDHEC)





Ray Ammarell (SCE&G)



Bill Stangler (Congaree Riverkeeper)

Randy Mahan (SCE&G)



Fritz Rohde (NOAA) via phone

Caleb Gaston (SCANA)



Gerrit Jobsis (American Rivers)

Brandon Stutts (SCANA)



Henry Mealing (Kleinschmidt)


Tom McCoy (USFWS)



Bret Hoffman (Kleinschmidt)


Bill Marshall (SCDNR)



Jordan Johnson (Kleinschmidt)

Dick Christie (SCDNR)

Alex Pellett (SCDNR)
 via phone



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.

Henry opened the meeting with introductions and explained that the purpose of the meeting was to discuss the revised Downstream Flow Evaluation Memo.  At the WQFW RCG meeting on January 21, 2016, the RCG discussed the initial Downstream Flow Fluctuations Memo.  An action item stemming from that meeting was that Kleinschmidt and SCE&G would develop a better routing model for inflows to the Parr Reservoir; compare those inflows to actual project releases as measured by the Alston gage; and use the downstream hydraulic model to examine the differences between a “run-of-river” scenario versus the actual project operational flows, and include the river downstream of the project to the Congaree River gage near the Congaree National Park.  The model was reviewed for its ability to produce accurate representations of the flows moving downstream from the Carlisle, Enoree and Tyger gage locations to the Congaree gage location and from the Alston gaged flows down to the Congaree gage.  The results were summarized in the revised Downstream Flow Evaluation Memo, which was distributed to the RCG for review on June 9, 2016.

Bret began the discussion by briefly recapping the original analysis and the action items from the prior RCG meeting. He moved into the methodologies used for the flow routing analysis.  The methodologies included four tasks broken down as follows.

1. Develop flow data sets for the routing simulations being compared at the USGS gage on the Congaree River at Columbia:


· Develop a run-of-river inflow data set for the Parr Reservoir node, using a hydrologic routing model (HEC-HMS) based on the three upstream gages.

· Develop a model input flow data set for the actual Parr flow releases, which are assumed to be identical to the USGS flow data from the Alston gage #02161000.


· Develop a model input flow data set for the ungaged flows between the Alston gage site and the Congaree gage site. This was added independently to the run-of-river inflow and actual Parr flow release data sets.


· Develop a model input flow data set for the Saluda River flows, which are assumed to be identical to the USGS gage #02169000.


2. Extend the river routing (HEC-RAS) model from the previous terminus at the Columbia dam, down to the USGS Congaree gage at Columbia.


3. Perform model (HEC-RAS) validation for the existing conditions, by simulating a period and comparing peak values and the timing of flow peaks and comparing with the Congaree gage data.


4. Performing simulations with the Parr run-of-river data, and comparing with existing conditions.


After reviewing the methodologies used, the group reviewed figures illustrating the modeled Parr inflow and observed flows in the Tyger, Enoree, and Broad River upstream of Parr Reservoir. The figures illustrated that the models respond correctly to different inflow events. The group then reviewed a figure illustrating the models ability to route flows correctly as compared to the observed conditions at the Alston gage and the Congaree gage. Bret noted the difference in flow estimated by the model and the observed Congaree flow. He explained that this is related to contributions from the ungaged tributaries present below the Alston gage. These ungaged inflows were accounted for in the modeling as a pro-rated amount. The ungaged inflow was incorporated into both the run-of-river model simulation and the existing model simulation as to not introduce any bias during comparisons.

The group reviewed comparisons of the run-of-river and existing conditions model simulations. The first showed a situation where a high inflow event occurred at Parr Reservoir and how that affected the conditions in the Congaree. Ray noted that the “pulses” observed on the hydrograph when compared to run-of-river conditions are related to Fairfield operations. He explained that Parr can pass roughly 4,800 cfs through the powerhouse and that flows greater than that result in gate operations. He also noted that Fairfield doesn’t operate when inflows are greater than 40,000 cfs. The group also discussed an event influenced by Saluda operations. Bret pointed out that the comparison in this figure is between simulated run-of-river conditions at the Congaree gage and simulated existing conditions at the Congaree gage to account for the ungaged inflows entering below the Alston gage. This allows for a comparison of the two without introducing any bias created by the ungaged inflows.

Bret continued the presentation of various flow fluctuation events to include an event with influence from both Saluda and Parr. Ray pointed out that the “sawtooth” affect noted in the Congaree existing conditions simulation that wasn’t present in the Congaree run-of-river simulation was related to Fairfield operations. Parr mimics inflows until they are greater than plant capacity (4,800 cfs) or Fairfield operates. These events trigger gate operations at Parr. Bret noted that operations at Parr are very complex. Ray added that SCE&G would like stakeholder input on the importance of limiting fluctuations during high inflow events versus during more normal or stable inflows. Gerrit commented that they would like to see less fluctuations at the end of high inflow events as they could affect sturgeon in the Congaree. Gerrit cited a study that showed sturgeon spawn on the tail end of a high flow event during the spring. Henry asked if Gerrit could provide that report so we could bring that information into the analysis.  Bret also reminded that Parr has to lower gates because it is not a storage project and they have “backwatering” restrictions due to an article in their license.

The group discussions an event related to a Parr release. Ray explained that the spike shown at Alston, and as a result the Congaree, was related to what the operators refer to as an “inventory” spill. Inflows at Parr were slightly higher than plant capacity, so storage in the reservoir was gradually increasing. Eventually, the reservoir was completely filled and the operators had to lower the gates which resulted in the spike in flows downstream. Gerrit pointed out that events like these could have effects on downstream striped bass during their spawning period. The group also reviewed simulations during a prolonged high inflow event. They noted the sawtooth created by Parr gate operations as compared to run-of-river conditions.

Bret concluded the presentation by explaining to the stakeholders that SCE&G wanted the group to be comfortable with the simulations produced by the model which compare run-of-river conditions at Parr with existing conditions at Parr and the differences in flows observed at the Congaree gage site. He added that the model will be made available to the group.


The group shifted discussions to another action item from the prior meeting. SCE&G presented their findings from their discussions with operators about what operational changes could be made to mitigate downstream flow fluctuations. Ray noted that their first finding was that operators are constrained by two parts of their license. Article 39 limits downstream flows to less than 40,000 cfs unless they are exceeded naturally. Section 13 limits the amount they can allow the reservoir to backwater, as this will result in flooding of a railroad line near the project. Ray continued on to note that the crest gate operation is also limited by when plant operators are on site. Gates are generally only operated during the normal business hours on weekdays. There are brief checks on the weekend, but the plant is unmanned. Safety concerns do not allow for remote gate operations. Ray’s final comment was that the addition of the crest gates increased the project head. This resulted in the plant no longer being equipped to run at full hydraulic capacity. Plant hydraulic capacity was effectively lowered from 6,000 cfs to 4,800 cfs. Ray also added that this is also impacted by the number of units available for operation – not under repair. Fewer operational units results in even less ability for the powerhouse to pass flow downstream and results in increased gate operations.

Ray moved the discussion to potential operational modifications. He noted that operators could try to release their inventory spills over a longer period of time by using multiple gate sets. This would reduce the amplitude and increase the wavelength illustrated on the hydrograph. He added that they could install cameras that observe gates 1 and 2 in addition to providing the System Controllers with control of these two gates operations. This would allow for the operation of those two gates remotely when the plant is unmanned. This would allow for the gates to be operated at night and over weekends, reducing spikes downstream created by Fairfield operations. Ray then showed the group a hydrograph illustrating a period where inflows were within the plant capacity. He noted that the hydrograph lacks the “sawtooth”. Gerrit asked if this example accounts for flow attenuation. Ray says that it does not, however inflows from the Tyger and Enoree are minimal in the time period illustrated. 

Ray also described potential upgrades to the powerhouse that would increase the plant capacity closer to its original 6,000 cfs. This would increase the amount of time where flows could be routed through the powerhouse, reducing occurrences of the sawtooth created by gate operations. These upgrades are still being evaluated for feasibility.

Ray added that while these proposed changes sound easy, changes to gate operation procedures are very difficult due to the complexity of the system. Gerrit asked what the timeline would be for these improvements post license issuance. Henry commented that the cameras and any changes to gate operations would be started quickly after issuance of the license. Plant upgrades would be more long term covering multiple years into the license. Ray reiterated that they will continue to work with operators on their methods of gate operations. Bill Marshall asked if the model could simulate conditions post-upgrades and what are they exactly. Henry noted that you would no longer have inventory spills when inflows are below 6,000 cfs. Ray added that the group could look at the flow duration curves and quantify how often conditions would be improved. Gerrit added that the group has emphasized improvements during the spawning period, but noted that the benefits could be year around. Ray commented that the upgrades are only being considered because of the increased control over environmental impacts. He added that the pay-back on plant upgrades is long-term and that the upgrades would be a no-go otherwise.

The group decided to pull up flow duration curves for the project. They noted that the proposed powerhouse upgrades would decrease the amount of time where inflows are greater than plant capacity by about 10% annually. They also noted that the most improvement would be during earlier months of the year. The group decided that SCE&G and Kleinschmidt will produce a table with percentages from the flow duration curves at potential plant capacities. Alex added that flow duration curves from the modeled Parr inflow dataset should be used in the analysis. Henry reiterated that the proposed gate operation changes will also reduce the amplitude of spikes in the hydrograph. Bill Stangler asked if the changes in gate operations will affect proposed gate operations to improve water quality in the west channel below Parr Dam. Ray commented that it will not and that they will prioritize the use of gates 1 and 2 when spills are necessary.

After Ray’s discussion of SCE&G’s findings, Henry asked the group for any questions. Alex P. asked how cross sections and channel slope were calculated in the model for the stretch of river added below Columbia Dam. Bret stated that he will provide Alex with the methods. Gerrit asked if it would be possible to estimate how much the proposed changes will affect spikes at higher flow ranges. Ray commented that the powerhouse upgrades will provide the largest effect, however it’s difficult to quantify. He added that the upgrades could be introduced to the model. Bret noted that with more water routed through the powerhouse, there will be steadier releases downstream. Gerrit adds that Figure 9 from Bret’s presentation illustrates the event he is most concerned with. Would it be possible to quantify the frequency of these events and how much they could be reduced? How much would the spikes in flow be attenuated? Ray noted that powerhouse upgrades will result in slower inventory accumulation in the reservoir which will result in few spill events. He added that they will decrease amplitude of these spills with the proposed gate operations changes. Gerrit added that he would like to see the benefits quantified with examples of reductions. Rusty asked if the model could be used to add a line to existing graphs showing conditions post upgrades and management operations changes. Bret commented that this request would likely be a very large effort. Gerrit added that he would like to see benefits during spawning periods via lower flow fluctuations in flows during high inflow events. Henry commented that SCE&G does not want to change Fairfield operations to help with fluctuations. He noted that SCE&G and Kleinschmidt will continue to research ways to quantify and report anticipated improvements. 

Meeting adjourned.  Action items from this meeting are listed below.






ACTION ITEMS:

· Kleinschmidt will provide meeting notes to the group.


· Kleinschmidt will provide methodologies for the additional reach added to HEC-RAS model.

· Kleinschmidt will produce a table of flow duration curve percentages for upgraded capacities using curves produced from the modeled Parr inflow data set.


· Kleinschmidt will provide the model data to Alex P. of SCDNR.


· Kleinschmidt and SCE&G will explore ways to quantify and estimate improvements to downstream fluctuations through the proposed plant upgrades and gate operational changes.


· Gerrit will provide study that shows sturgeon spawning on the tail end of a high flow event during the spring.
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From: Bill Marshall
To: Shane Boring; Alex Pellett; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Stangler

(CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Caleb Gaston (caleb.gaston@scana.com);
Chad Altman (altmankc@dhec.sc.gov); Dick Christie (dchristie@comporium.net); Frank_Henning@nps.gov; Fritz
Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon; Henry Mealing; Karla
Reece (Karla.Reece@noaa.gov); Kelly Kirven; Kerry Castle; Ley, Amanda; Lorianne Riggin; Pace Wilber
(Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Harder; Steve Summer;
STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: RE: Parr-FF Draft Instream Flow Report
Date: Friday, September 16, 2016 3:22:13 PM
Attachments: comments on draft IFIM Report August 2016.wpd.doc

Shane and all,
Please find attached comments on the draft IFIM report provided by Ron Ahle of DNR’s Region 3
freshwater fisheries group. We anticipate that these and other comments from TWC members will
be addressed as part of the discussions planned for upcoming TWC meeting set for Sept 27.   In the
meantime please do let us know if you have questions about these comments.
 
Bill Marshall
SCDNR
803-734-9096
 

From: Shane Boring [mailto:Shane.Boring@KleinschmidtGroup.com] 
Sent: Monday, August 08, 2016 4:46 PM
To: Alex Pellett <PellettC@dnr.sc.gov>; Alison Jakupca <Alison.Jakupca@KleinschmidtGroup.com>;
ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>; Bill Marshall <MarshallB@dnr.sc.gov>; Bill
Stangler (CRK@congareeriverkeeper.org) <CRK@congareeriverkeeper.org>; Brandon Kulik
<Brandon.Kulik@KleinschmidtGroup.com>; BRESNAHAN, AMY <Amy.Bresnahan@scana.com>; Caleb
Gaston (caleb.gaston@scana.com) <caleb.gaston@scana.com>; Chad Altman
(altmankc@dhec.sc.gov) <altmankc@dhec.sc.gov>; Dick Christie (dchristie@comporium.net)
<dchristie@comporium.net>; Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov)
<Fritz.Rohde@noaa.gov>; Gerrit Jobsis (gjobsis@americanrivers.org) <gjobsis@americanrivers.org>;
Greg Mixon <MixonG@dnr.sc.gov>; Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>;
Karla Reece (Karla.Reece@noaa.gov) <Karla.Reece@noaa.gov>; Kelly Kirven
<Kelly.Kirven@KleinschmidtGroup.com>; Kerry Castle <CastleK@dnr.sc.gov>; Ley, Amanda
<leyah@dhec.sc.gov>; Lorianne Riggin <RigginL@dnr.sc.gov>; Pace Wilber (Pace.Wilber@noaa.gov)
<Pace.Wilber@noaa.gov>; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com)
<randolph.mahan@scana.com>; randy mahan (rmahan@sc.rr.com) <rmahan@sc.rr.com>; Ron Ahle
<AhleR@dnr.sc.gov>; Rusty Wenerick (weneriwr@dhec.sc.gov) <weneriwr@dhec.sc.gov>; Scott
Harder <HarderS@dnr.sc.gov>; Shane Boring <Shane.Boring@KleinschmidtGroup.com>; Steve
Summer <ssummer@scana.com>; STUTTS, BRANDON G <BSTUTTS@scana.com>; Tom McCoy
(thomas_mccoy@fws.gov) <thomas_mccoy@fws.gov>
Subject: Parr-FF Draft Instream Flow Report
 
Dear Instream Flow TWC:
 
Attached for your review is the draft Instream Flow Report for Parr Hydro Project.  Please note that
this report is intended to be a data report describing the flow/habitat relationships and is not
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South Carolina Department Of Natural Resources

Division of Wildlife and Freshwater Fisheries 

Freshwater Fisheries: Region Three

Memorandum

To:  Bill Marshall

From:  Ron Ahle


Date:  9/16/2016

Subject:  Comments on the draft IFIM study results for Parr Relicensing

____________________________________________________________________


The following comments are made for the August 2016 draft Instream Flow Study Report for the Parr Hydroelectric Porject (FERC No. 1894)


Comments on table 3-2


Brassy jumprock juvenile should be in the shallow fast guild and not shallow slow guild.  The juveniles of this species use riffle habitats and would not likely be found in shallow pools unless trapped there by falling water.  Adults also do not prefer slow water.


In the Piedmont, Robust redhorse, along with other redhorse species are not typically found in slow current areas but rather prefer areas with higher flows.  They generally occupy the same habitats as brassy jumprock.  In our studies of the Broad River and the Lower Saluda Rivers, both species are usually found in the deeper runs of rocky shoals (deep fast).  This is were abundant food resources are available for these bottom feeders.  On the Broad River, the place with the most abundant brassy jumprocks and robust redhorses is a shallow gravel shoal just downstream of the power house.  So abundant are sucker species in this location that we named the shoal “sucker fish city”.  On the Lower Saluda River, the area with the most abundant brassy jumprocks is the deep fast area just above Shandon Rapids which just happens to be the only known location for robust redhorse in the Lower Saluda River.


Because of these points, we recommend that brassy jumprock adult and robust redhorse adult be changed to deep fast; shallow fast.  We do not have data on the juvenile robust redhorse but would probably claim it to be similar to brassy jumprocks in the shallow fast guild.  Since we don’t have data, it might be prudent to leave robust redhorse juvenile off the guild listing.


Comments on Table 4-2


This data table appears to be incomplete in terms of discharge scenarios.  With most of the maximum WUA being in the 500 to 2000 range, it is clear that additional flow scenarios need to be added to the table.  We recommend that discharges of 600, 700, 800, 900, 1100, 1200, 1300, 1400, 1600, 2200, 2400, 2600 be added to the table to better define the range around the maximum WUA and to enable consideration of a 30 percentile range for each of the target species and guilds.


Comments on Table 4-3


Similar to Table 4-2, this table could use additional flow scenarios.  We recommend that discharges of 600, 900, 1100, 1200, 1300, 1400, 1600, 2400, 2600, 3500, & 4500 be added to the table to better define the range around the maximum WUA and to enable consideration of a 30 percentile range for each of the target species and guilds.


Comments on Table 4-4


Similar to Table 4-2, this table could use additional flow scenarios.  We recommend that discharges of 600, 900, 1150, 1350, 1650, & 1850 be added to the table to better define the range around the maximum WUA and to enable consideration of a 30 percentile range for each of the target species and guilds.  It is hard to understand how six of the categories have maximum WUA at a discharge of 200 cfs. or lower.  That is a very low flow for the Broad River and would probably be very damaging to most of the resident fish species.


Comments on Table 4-7 and 4-8


Similar to Table 4-2, these tables could use additional flow scenarios.  We recommend that discharges of 1750, 2500, 3500, & 4500 be added to the tables to better define the range around the maximum WUA and to enable consideration of a 30 percentile range for each of the target species and guilds.


____________________________________________________________________


2726 Fish Hatchery Road, West Columbia, South Carolina 29172


Telephone: (803) 755-9345 * Facsimile: (803) 755-1355



intended to provide a flow recommendation.  You will be receiving a doodle poll shortly for a
meeting in mid- to late-September to go through the study results as a group and discuss next steps. 
Finally, please note that the report appendices will be provided in a separate email due to file size.
Thanks to all who participated in development of this study and please don’t hesitate to call if we
can answer any questions. 
 
C. Shane Boring
Environmental Scientist

Office: 803.462.5625
www.KleinschmidtGroup.com
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From: Alison Jakupca
To: Shane Boring; Alex Pellett (PellettC@dnr.sc.gov); ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie
(dchristie@comporium.net); Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry Mealing; Karla Reece
(Karla.Reece@noaa.gov); Kelly Kirven; Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin
(RigginL@dnr.sc.gov); Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Harder; STUTTS, BRANDON G; MMosley@scana.com; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Parr Instream Flow TWC Meeting
Date: Thursday, September 22, 2016 4:14:06 PM

Hey Folks,
 
Just a reminder about our Parr IFIM Meeting on September 27, 2016 starting at 9:30 am at the
Lake Murray Training Center.  We are planning an all-day meeting (lunch provided) so please
let us know if you can/cannot come to the meeting by tomorrow.  If you cannot attend in
person but would like to call in, Bill will have a call in number and WebEx Login available.
 
Our general agenda is to:

Review the IFIM Report
Discuss comments received prior to or during meeting
Work through the results and start moving towards acceptable flow ranges
Consider seasonal flow scenarios
Begin discussion of PM&E framework and next steps

 
Thank you for your cooperation,
 
Alison Jakupca
Project Regulatory Coordinator

Office:  803 462 5628
Mobile: 864 906 4119
www.KleinschmidtGroup.com
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