
WSRC-TR-98-00321[

Instream Biological Assessment of NPDES Point Source

Discharges at the Savannah River Site, 1997-1998

by

W. L. Specht

Westinghouse Savannah River Company
Savannah River Site
Aiken, South Carolina 29808

M. H. Paller

DOE Contract No. DE-AC09-96SR18500

This paper was prepared in connection with work done under the above contract number with the U. S.
Department of Energy. By acceptance of this paper, the publisher and/or recipient acknowledges the U. S.
Government’s right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, along
with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper.



DISCLAIMER ~

. Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.

.

.



.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government Neither the United States Government nor any agency thereof, nor any
of their employees, makes any warranty, express or irnpli@ or assumes any Iegal Iiability
or r+ponsibility for the accuracy, completeness, or usefuhwss of any information,
apparatus, product or process discIosedj or represents that its use would not infringi
privately owned rights. Reference herein”to any specfic commercial produc~ process or
&xvice by trade namq trademark, manufacturer, or otherwise does not necessarily
constitute or impIy its endorsement recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government or any agency
thereof.

. .

‘Th!s repotih,m b~n reproduc~ directIy fkom the b@ ’avaiIabIecopy: .

Available for wile to the publicj in paper, from: U.S~ Department of Commercq “National
Technical Information Service, 5285 Port Royal Road, Springfiel~ VA 22161
phone (800) 553-6847
fax: (703) 605-6900
emaih orders@ @s.fedworId.gov . .

online ordering: http://www.ntis.gov/ordering.htm

AvailabIe electronically at httptihvww.doe.govhidge “
AvailabIe for a processing f= to US. Department of Energy and its contracto~y in paper,
from: U.S. Department of Energy, Office of Scientific and Technical Information,
P.O. BOX 62, Oak llidg~ TN 37831-0062 “
phone: (865)576-8401
fax (865)576-5728
emaih reports@ adonis.osti.gov

..

., I



WSRC-TR-98-O0321

iNSTREAM B1OLOGICAL ASSESSMENT OF NPDES
POINT SOURCE DISCHARGES AT

THE SAVANNAH RIVER SITE, 1997-1998

by
WINONA L. SPECHT and

MICHAEL H. PALLER
SAVANNAH RIVER TECHNOLOGY CENTER 4

Approved by:
Joh’n B. Gladden, Sectidn Manager
Environmental Analysis Section
Savannah River Technology Center

Publication Date: October 1998

UNCLASSF:ED
00I?S NOT CONTAIN

uNcLAsslflSl commJ-ED
NUCLEARINFORMATION

mDo&

&g$’?? ~
(NSft’WfWW3

Dam y /5b

WESTINGHOUSE SAVANNAH RIVER COMPANY
SAVANNAH RIVER SITE
AlKEN, SC 29808

THIS DOCUMENT WAS PREPARED IN CONNECTION WITH WORK UNDER U.S. DEPARTMENT OF
ENERGY CONTRACT DE-AC09-88SRI 8035. By acceptance of this paper, the publisher and/or recipient
acknowledges the U.S. Government’s right to retain a nonexclusive, royalty-free license in and to any
copyright covering this paper, along with the right to reproduce and to authorize others to reproduce all or
any part of the copyrighted paper.

I

. --- —.-. . . . . . ... . .7 ,2 -,...

. . . . . .
—.—- .

. . .
— -, --- -. -,-.C- .7-.’. .,. - — .-, .,. - ., ...,- 1



WSRC-TR-98-O0321

TABLEOFCONTENTS

Executive Summary

1.0

2.0
2.1
2.2
2.3
2.4
2.5

3.0
3.1
3.2
3.2.1
3.2.2
3.3
3.3.1
3.3.2

4.0
4.1
4.1.1
4.1 ;2
4.2
4.2.1
4.2.2
4.3
4.3.1
4.3.2
4.4
4.4.1
4.4.2
4.5

5.0

6.0

Introduction ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .

Description of Streams, Effluents, and Sampling Locations ...... ... ..
Upper Three Runs and Its Tributaries ... ... ... ... ... ... ... ... ... ... ... ... ...
Fourmile Branch ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Pen Branch/Indian Grave Branch ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Steel Creek/Meyers Branch ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Other Water Bodies/NPDES Discharges ... ... ... ... ... ... ... ... ... ... ... .

Methods ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Habitat AssessmenUWater Chemistry ... ... ... ... ... ... ... ... ... ... ... ... ..
Macroinvertebrates ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Sampling Methods ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Data Analysis ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .
Fish ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Sampling Methods ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Data Analysis ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .

Results ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Upper Three Runs Watershed ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Macroinvertebrates ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Fish ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Fourmile Branch Watershed ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Macroinvertebrates ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Fish ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Pen Branch Watershed ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Macroinvertebrates ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Fish ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Steel Creek Watershed ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Macroinvertebrates ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Fish ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
Savannah River ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .

Conclusions

References

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . .. .

Page

1

1

1.
1
6
6
7
7

8
8
9
9
9

11
11
12

12
12
12
18
21
21
25
26
26
28
28
28
29
30

30

30



WSRC-TR-98-O0321

AppendixTables

AppendixA
AppendixB
AppendixB-l
Appendix B-2
Appendix B-3
Appendix B-4
Appendix B-5
Appendix B-6
Appendix B-7
Appendix C

Statistical Results for Macroinvertebrate Data
Macroinvertebrate Data
Species List, Hester-Dendy Multiplate Samplers
Species List, Qualitative Sampling of Natural Substrates
Macroinvertebrate Data, by Replicate
Percent Composition by Major Taxonomic Group
Functional Feeding Group Analysis
Summary of Biological Indices for Macroinvertebrate Data
Biological Parameter Results and Water Quality Ratings
Fish Assemblage Data

ii



.-,--- ----WSRC-TK-Y6-UUXZ1

.

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Table 11

Figure 1

Figure 2

Figure 3

List of Tables

Sampling Locations for NPDES Biological Monitoring ... ... ... ... ...

SRS NPDES Outfalls, Receiving Streams and Contributing
Waste Streams ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

Metrics for Macroinvertebrate Multiplate and Qualitative Data ... ..

Metrics and scoring criteria used in the Index of Biotic Integrity (IBI;
modified by Paller et al (1995). The modified IBI is calculated by
summing the scores for the individual metrics. ... ... ... ... ... ... ... ... ..

Summary of Macroinvertebrate Data, Upper Three Runs and
Tributaries, November 1997 ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

Dominant Taxa Collected from Hester-Dendy Multiplate
Samplers, November 1997 ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

IBI values from stream sites receiving NPDES discharges (Y) and
stream sites unaffected by NPDES discharges (N) ... ... ... ... ... ... .

Means for habitat variables. Variables were measured at nine
transects at each sample station except for Four Mile Creek Rd.
C, Upper Three Runs Tyler Bridge, and Upper Three Runs Rd.
A.2 where variables were measured at six transects ... ... ... ... ... ..

Summary of Macroinvertebrate Data, Fourrnile Branch,
November 1997 ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .

Physical/Chemical Data for SRS Stream Sampling Locations,
December 8, 1997 ... ... ... ... ... ... ... . .. ... ... ... ... ....... ... ... ... ... ... ... .

Summary of Macroinvertebrate Data, Pen Branch and Steel
Creek, November 1997 ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

List of Figures

Map of the Savannah River Site showing sampling stations for
fish and macroinvertebrates ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

Hester-Dendy Multiplate Sampler ... ... ... ... ... ... ... ... ... ... ... ... ... ..

IBI values at 29 undisturbed stream sites located on and near the
SRS. Samples are described more fully in Paller and Dyer 1997

...
Ill

Page

2

4

11

13 “

14

15

19

22

23

24

.27

Page

3

10

20



WSRC-TR-98-00321

Executive Summary

Fish and macroinvertebrates were collected at unimpacted reference locations and
downstream of NPDES discharges in Upper Three Runs and its tributaries, Fourmile
Branch, Pen Branch/Indian Grave Branch, and Steel Creek to determine if the receiving
streams have been impacted by the NPDES discharges. The results of the
macroinvertebrate and fish surveys conducted during this study were generally in close
agreement.. Both indicated that most SRS streams were characterized by high biotic
integrity and unaffected by SRS NPDES discharges. A prominent exception was
Crouch Branch which, as indicated by both the macroinvertebrate and fish data, was
significantly degraded. Further research will be required to determine whether this
degradation was related to NPDES discharges, habitat, or other factors. Degradation
was also observed in upper Fourmile Branch and upper Steel Creek, but in these cases
was probably related to factors other than NPDES discharges. Factors that may have
depressed biotic integrity in these streams reaches included previous thermal impacts,
reservoir impoundment related effects, possible construction impacts, and naturally
occurring habitat factors.

1.0 Introduction

The Savannah River Site (SRS) currently has 33 permitted NPDES outfalls that that
have been permitted by the South Carolina Department of Health and Environmental
Control (SCDHEC) to discharge to SRS streams and the Savannah River. In order to
determine the cumulative impacts of these discharges to the receiving streams, a study
plan was developed to perform in-stream assessments of the fish assemblages,
macroinvertebrate assemblages, and habitats of the receiving streams. These studies
were designed to detect biological impacts due to point source discharges. Sampling
was conducted between November 1997 and July 1998. Sampling will be repeated in
2000. A total of 18 locations were sampled (Table 1, Figure 1). Sampling locations for
fish and macroinvertebrates were generally the same. However, different locations
were sampled for fish (Road A-2) and macroinvertebrates (Road C) in the lower portion
of Upper Three Runs, to avoid interference with ongoing fisheries studies at Road C.
Also, fish were sampled in Fourmile Branch at Road 4 rather than at Road F because
the stream at Road F was too narrow and shallow to support many fish. Sampling
locations and parameters are detailed in Sections 2 and 3 of this report. In general,
sampling locations were selected that would permit comparisons upstream and
downstream of NPDES outfalls. In instances where this approach was not feasible
because effluents discharge into the headwaters of a stream, appropriate unimpacted
reference were used for comparison purposes.

2.0 Descriptions of Streams, Effluents, and Sampling Locations.

2.1 Upper Three Runs and Its Tributaries

Upper Three Runs is a fifth order stream that originates approximately 12 km north of
the northern boundary of SRS and flows generally south, entering the Savannah River
at River Mile (RM) 157.2 (Figure 1). Tributaries of Upper Three Runs that enter the
stream along its flow path from north to south through the Savannah River Site include
Tinker Creek, with its major tributaries of Mill Creek, Reedy Branch and McQueen

1
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.

Tablel. Sampling Locations for NPDES Biological Monitoring

LOCATION SITE # STATUS
b

Upper Three Runs Watershed
Upper Three Runs, Road 8-1
(macroinvertebrates only)
Upper Three Runs, Tyler Bridge (fish
only)
Upper Three Runs, Road C

(macroinvertebrates only)
Upper Three Runs, near Road A-2
(fish only)
Tires Branch near Road 2
Mill Creek, Monroe Owens Road “
McQueen Branch near Z-Area
Crouch Branch, Road 4

Fourmile Branch Watershed
Fourmile Branch, Road F
(macroinvertebrates only)
Fourmile Branch Road 4 (fish only)
Fourmile Branch, Road C
Fourmile Branch, Road A-7

Fourmile Branch, Road A .

Pen Branch Watershed
Pen Branch, Road C
“Pen Branch, Road B
Indian Grave Br. near cooling tower
Pen Branch, Road A

Steel Creek Watershed
Steel Creek, near Road C

Meyers Branch, Old Dunbarton Rd.

3

17

2

18

1
4

‘5
6

7

19
8
9

16

10
11
12
13

14

15

Reference

Reference

Downstream from all discharges

Downstream from all discharges

Downstream from all discharges
Reference
Downstream from all discharges
Downstream from all discharges

Reference

Downstream from H-Area
Downstream from F/H Areas
Downstream from all discharges but
C-Area
Downstream from all discharges “

Reference
Reference
Downstream from all discharges
Downstream from all discharges

Downstream from P-Area; upstream
from L Lake
Reference

Branch; Crouch Branch; and Tires Branch. With the exception of McQueen Bm-nch,
which enters Tinker Creek just before its confluence with Upper Three Runs, Tinker
Creek and its tributaries have been largely uninfluenced by SRS activities, and these
streams receive no NPDES discharges.

McQueen Branch originates just east of H-Area and flows generally northwest for about
4 km to its confluence with Tinker Creek. AS shown in Table 2, McQueen Branch
receives the discharge from the H-07 and S-04 NPDES discharges. These discharges

2
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■ Macroinvertebrates
A Fish “W(
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@ Fish and Macroinvertebrates
. NPDES Outfails

W. Swamp

E
Streams 3

AW Lakes2
m Industrial Areas

10123 Miles

Figure 1. Map of the Savannah River site showing sampling stations for fish and
macroinvertebrates
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Table2. SRSNPDES Outialls, Receiving Streams and Contributing Waste
Streams

Outfall Receivina Stream inrmts
Upuer Three Runs Watershed
A-(3I Tires Branch

A-OIA Tires Branch via A-01
A-1 1 Tires Branch

M-(I4
M-(I5
F-(M
F-02
F-03
F-(I5
H-(I2
H-04
H-07
S-04
H-16

Tires Branch via A-1 1
Tires Branch via A-1 1
UTR tributary
UTR tributary
UTR tributary
UTR tributary
Crouch Branch
Crouch Branch
McQueen Branch
McQueen Br. tributafy
UTR

Beaver Dam Creek Watershed
D-OIA BDC via D-01

Fourmiie Branch Watershed

F-08 FMB tributary

G-10 FMB
H-08 FMB tributary

H-12 FMB tributary

Pen Branch Watershed
K-06 iGB tributary
K-1O iBG
K-12 iGB via K-18
K-18 iGB

Steei Creek Watershed
L-07 L-Lake
L-67A L-Lake via L-07
L-08 L-Lake

Lower Three Runs Watershed
PP-01 Par Pond

Savannah River
X-04 SR swamp
X-08 SR

X-08A SR via X-08
X-08B SR via X-08
X-08C SR via X-08
X-19 SR

cooling water, iab drains, air stripper effluent from A-OIA,
steam &A/C condensates
air stripper
floor drains, condensate. Weii flush water, cooiing water,
treated wastewater from M-04 and M-05
LETF process wastewater
air stripper effluent
cooiing water, biowdown, storm water .
cooiing water, biowdown, storm water
cooiing water, steam condensate, biowdown, process water
cooiing water, steam condensate, storm water
cooling water, storm water
cooiing water, storm water, CiF wastewater, steam condensate
cooiing water, biowdown, storm water
neutraiiiation waste water, cooiing water, storm water
F/i-i ETF

sanitary effluent

cooiing water, steam condensate, process wastewater,
iaundry effluentj water tank overiiow, storm water
sanitaty
cooiing water, steam condensate, ash basin, iab drains,
storm water
cooling water, iTP neutralized flush water, storm water

cooling water, biowdown, powerhouse waste, storm water
infrequent diversion from K-18
sanitary
186 basins, cooiing water, sanitary from K-12

sanitary from L-07~ 186 basins, floor drains, storm water
sanitary
cooiing water, storm water

rinse water and backwash from dfinking water fiiter system

weiding quench sink water, steam condensate, storm water
cooiing water, sanitary from X-08Aj process water, TNX ETF
effluent from X-08B, air stripper effluent from X-08C
sanitary
TNX ETF effluent
air stripper effluent
treated groundwater

UTR-UpperThreeRuns BDC-BeaverDamCreekFMB-FounnileBranchIGB-IndianGraveBranch;SR-SavannahRwer

4
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consist primarily of neutralized wastewater, cooling water andstorrnwater. McQueen
Branch was also impacted by scouring and siltation during construction of the DWPF
during the 1980’s and early 1990’s. Crouch Branch is a small tributaiy of Upper Three
Runs that originates just northwest of H-Area and flows northwest for about 2 km to
Upper Three Runs.

Crouch Branch receives NPDES discharges from the H-02 and H-04 outfalls, which
primarily contain cooling water, steam condensate, Consolidated Incinerator Facility
(CIF) treated wastewater, and stormwater. Crouch Branch was also impacted by
scouring and siltation during construction of the DWPF.

Tires Branch originates near A Area and flows southeast for about 8 km, entering
Upper Three Runs just upstream from the Road C bridge. Tires Branch is the receiving
stream for 5 NPDES outfalls (A-01, A-OIA, A-11, M-04, and M-05), and a large portion
of the flow in Tires Branch is comprised of NPDES effluents. These effluents include
cooling water condensates, and water from lab drains, floor drains, two air strippers, an
effluent treatment facility, and various other sources (see Table 2). Tires Branch also
received inputs of metals from M Area during its early years of operation, and some of
the metals (primarily aluminum, nickel, and uranium) are present in elevated
concentrations in the depositional areas of Tires Branch.

Four NPDES discharges from F-Area (F-01, F-02, F-03 and F-05), consisting mainly of
noncontact cooling water, blowdown, and steam condensate are discharged to flow
paths that lead to Upper Three Runs. The H-16 outfall, which is the effluent from the
F/H Effluent Treatment Facility (ETF) is the only NPDES outfall that discharges directly
into Upper Three Runs. H-16 enters the stream just downstream from the Road C
bridge. All NPDES effluents enter the portion of Upper Three Runs between its
confluence w“th Tinker Creek and just downstream from the Road C bridge. In all, 14
NPDES outfalls enter the Upper Three Runs watershed (see Table 2).

Upstream reference locations in the Upper Three Runs were the Road 8-1 bridge
(macroinvertebrates only) and Tyler Bridge (fish only). Fish were sampled at Tyler
Bridge instead of Road 8-1 because fish are routinely collected at Road 8-1 by the
.Environmental Monitoring Section (EMS) of WSRC, which may alter the community
structure of the fish community at this location. Sampling locations located downstream
from SRS discharges include the Road C bridge (macroinvertebrates only), which is just
downstream from the most-downstream NPDES discharge (H-16) as well as just
downstream from Tires Branch, the most downstream tributary that contains NPDES
discharges (Figure 1, Table 2) and near Road A-2 (fish only). Fish were sampled near
Road A-2 instead of Road C because EMS also collects fish at Road C. Also sampled
were McQueen Branch behind Z-Area, Crouch Branch at Road 4, and Tires Branch
near Road 2. Upstream reference locations for these streams were not available, since
effluents discharge into the headwaters of all three of these tributaries. However, Mill
Creek, an unimpacted tributary of Upper Three Runs, was sampled as a reference
location for the tributaries of Upper Three Runs.

5
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2.2 Fourmile Branch

Fourmile Branch is a third order stream that originates southeast of H-Area and flows
generally west and southwest for about 25 km, entering the Savannah River at RM
150.6, just across the river from the Vogtle Nuclear Power Plant. The first five km of
the stream receive no NPDES discharges. Four NPDES outfalls (F-08, G-10, H-08 and
H-12) discharge to Fourmile Branch and all of the discharges are to the portion of the
stream located between just upstream from Road 4 to approximately 1 km upstream
from Road A-7. NPDES discharges to the stream include cooling water, ash basin
overflows, treated sanita~ waste from the new central sanita~ treatment plant, storm
water and other miscellaneous sources (see Table 2). Fourmile Branch also receives
inputs from the F/H seepline, which is pflmarily encompassed by the area between
Roads 4 and C-4. Shallow groundwater from the old F/H seepage basins and the old
Burial Ground outcrops near this section of Fourmile Branch. This water contains
elevated levels of tritium, as well as above-background concentrations of some metals
and other contaminants. The portion of Fourmile Branch from approximately 0.5 km’
downstream from Road 3 to the Savannah River was subject to very high temperatures
and flows until 1984, when the operation of C Reactor was discontinued. The habitat
of the post-thermal streams still differs substantially from the habitat in streams that
were not exposed to high temperatures and flows, primarily with respect to canopy
cover, the composition of stream substrate, in-stream structure (size and amount of
woody debris, etc.), and riparian vegetation. These habitat differences have had
lasting influence on the biotic communities of the post-thermal streams.

Sampling locations in Fourmile Branch included Road F, which is upstream from all
SRS discharges; Road C, which is downstream from the H-Area discharges; Road A-7”
which is downstream from the F-Area outfall and sanitary treatment plant, but upstream
of where the C-Area outfalls previously entered Fourmile Branch, and Road A, which is
downstream from all SRS discharges, and is a post-thermal location.

2.3 Pen Branch/Indian Grave Branch

Pen Branch is a third order stream that originates near the intersection of Roads F and
6 and flows generally southwest for approximately 17 km to the Savannah River
swamp, exiting the swamp to the Savannah River via Steel Creek. Indian Grave
Branch is a small tributa~ of Pen Branch that is located just west of K Area. [t is about
4 km long and flows generally south, merging with Pen Branch approximately one km
upstream of Road A. Four NP.DES discharges (K-06, K-10, K-12, and K-18) enter
Indian Grave Branch from K Area (Table 2); no effluents discharge directly to Pen
Branch. The discharges to Indian Grave Branch consist primarily of cooling water,
powerhouse waste, storm water, and a small quantity of treated sanita~ effluent.
Indian Grave Branch was also the receiving stream for the thermal discharge from K
Reactor, which operated until 1988. Like Fourrnile Branch, Indian Grave Branch and
the portion of Pen Branch that was i,mpacted by thermal discharge have very different
habitat than the non-thermal streams. These habitat differences need to be considered
when interpreting biological data from the post-thermal streams.

Sampling locations in Pen Branch and Indian Grave Branch included Pen Branch at
Roads C and B, which are both upstream from all SRS discharges, Pen Branch at
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Road A, which is downstream from Indian Grave Branch and all SRS discharges, and
Indian Grave Branch near the cooling tower, which is downstream of all existing K-Area
NPDES discharges to this tributaty. Because effluents discharge into the headwaters of
the stream, no upstream reference location could be sampled in Indian Grave Branch.

2.4 Steel Creek/Meyers Branch

Steel Creek is a third order stream that originates west of P Reactor and flows south for
about 18 km, entering the Savannah River at RM 141.6. A portion of Steel Creek was
impounded in 1985 to form L Lake, a 1000 acre cooling reservoir. The lake has not
received thermal discharges since 1988. Meyers Branch is a major tributary of Steel
Creek that originates east of P Reactor and flows generally southwest for about 12 km,
merging with Steel Creek approximately one km downstream from the L-Lake dam.
Steel Creek is the receiving stream for three NPDES outfalls (L-07, L-07A, and L-08; “
Table 2). The discharges consist primarily of cooling water, building drains, stormwater,
and a small volume of treated sanitary effluent. Meyers Branch has been largely
unimpacted by SRS activities. In the past, small quantities of effluent were discharged
into the swamp near the headwaters of Meyers Branch, but the stream presently
receives no NPDES discharges.

Sampling locations in Steel Creek and Meyers Branch included Steel Creek near Road
C, which is downstream from the P-Area discharges into Steel Creek and Meyers
Branch at old Dunbarton Road. Two NPDES outfalls from L Area discharge to L Lake,
which is located downstream from the sampling location in Steel Creek. However, the
volume of the discharges is small and would be diluted by the entire volume of L Lake
prior to discharging into lower Steel Creek. Lower Steel Creek was not sampled
because previous studies indicated that the stream community was influenced by the
Ientic community of L Lake, and it would be impossible to distinguish between possible
outfall impacts and the greater influence of L Lake discharges into the stream. Meyers
Branch at old Dunbarton Road was sampled as a reference location for Steel Creek
and some of the other sampling locations.

2.5 Other Water Bodies/NPDES Discharges

A number of NPDES outfalls discharge to other locations on the SRS (Table 2). Outfall
D-OIA consists of treated sanita~ discharge that is discharged to the D-01 outfall.
Outfall PP-01 consists of a very small amount of backwash water from a drinking water
filter system at the Par Pond laboratory that discharges to Par Pond. However, neither
Beaver Dam Creek nor Par Pond/Lower Three Runs were included in the permit
condition that requires biological sampling. Six outfalls from TNX discharge indirectly to
the Savannah River. Due to the small volume of effluent in relation to the large dilution
factor provided by the river, and because previous studies have not detected any
impact from SRS operations to the Savannah River, studies in the Savannah River
were not included in this study, but a discussion of previous biological studies
conducted on the Savannah River is presented in Section 4.5.

7
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3.0

3.1

Methods

Habitat Evaluation/Water Chemistry

Physical habitat data were collected from each fish assemblage sample site to assist in
the interpretation of the biological data. These data were collected from transects
running across the stream perpendicular to the direction of water flow. Except at the4
sample sites in Upper Three Runs, there were three transects evenly spaced within
each 50 m section for a total of nine habitat transects per site. Because of the difficulty
in obtaining habitat data from Upper Three Runs, which was comparatively deep and
wide, there were only two evenly spaced habitat transects per site in this stream. The
following habitat data were collected at each transect

1) Stream width (distance from waters edge to waters edge).
2) Depth of the stream (nearest 0.01 m) at a minimum of approximately 20?10,40Y0,
60?J0,and 809f0of the distance from the left bank to the right bank.
3) Current velocity (cm/s) at each point where depth was measured. Where depth
equaled or exceeded 0.6 m, two current velocity measurements were taken, one at 0.2
times the depth and one at,O.8 times the depth. Where the depth was less than 0.6 m,
only one measurement was taken at 0.6 times the distance from the surface.
4) Predominant substrate types (mud, sand, gravel, rocks) in the vicinity of the transect
(i.e., 3 m upstream from the transect and 3 m downstream from the transect). Visual
estimate.
5) Bottom area (nearest 5’Yo)covered by debris (detritus and leaves). Visual estimate.
6) Number of logs (i.e., recumbent wood in excess of 6 cm in diameter) in the vicinity of
the transect.
7) Number of stumps in the vicinity of the transect.
8) Number of cypress knees in the vicini~ of the transect.
9) Bottom area (nearest 5%) covered by fibrous root systems. Visual estimate.
10) Bottom area (nearest 5Yo)covered by brush piles/logjams. Visual estimate.
11) Aquatic macrophyte cover (nearest 5?o) and the predominant types (submerged,
emergent, floating) in the vicinity of the transect. Visual estimate.
12) Amount of stream surface (nearest 5Yo)overhung by low growing riparian
vegetation (e.g. shrubs, grasses, and small trees) in the vicinity of the transect. Visual
estimate.
13) Canopy cover (nearest 5Yo)and the predominant canopy types (cypress/tupelo
forest, hardwood forest, pine forest) in the vicinity of the transect. Visual estimate.
14) Bank erosion on a scale of zero (none) to severe (three). Visual Estimate.

To maintain consistency and facilitate comparisons among sample reaches, all habitat
variables requiring visual estimation (i.e., 4, 5, 8, 9, 10, 11, and 12) were recorded by
the same person.

Physical and chemical data collected in conjunction with the biological data included
water temperature, dissolved oxygen, pH and specific conductance. These data were
collected by En Environmental, Greenville, SC (SCDHEC Certification # 231 04) at the
time that the multiplate samples were retrieved. Temperature was measured to the
nearest degree using a mercury thermometer, dissolved oxygen was measured using a
YSI Model 51 B dissolved oxygen meter, PH was measured using a Fisher Model 1001
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pH meter, and specific conductance was measured using a VWR Model 604
conductivity meter.

3.2 Macroinvertebrates

3.2.1 Sampling Methods

Sampling and identification of macroinvertebrates for this sampling program were
performed by EIT Environmental (SCDHEC Codification # 23104). At each sampling
location, five replicate Hester-Dendy multip!ate samplers (Figure 2), each having a
surface area of 0.179 m2were deployed and allowed to colonize for 28 days. The
samplers were retrieved and returned to the laboratory for processing. In the
Iaboratoiy, the samplers were disassembled and organisms gently removed from the
plates using a soft brush or a stream of water from a wash boffle. Organisms were ~
presewed in 70% ethanol until identified to the lowest practical taxon (usually genus).

Although multiplate samplers provide a uniform substrate for macroinvertebrate
sampling, the species composition and relative abundance of macroinvertebrate
assemblages collected from multiplate samplers differ from natural substrates. Some
taxa are over-represented on multiplate samplers, while other taxa are under-
represented or completely absent. In order to perform a thorough assessment of the
macroinvertebrate community at each sampling site, qualitative sampling of natural
substrates was also performed. At the time that the multiplates were retrieved,
sampling of natural substrates (leaf packs, snags, root mats, woody debris, etc.)
present at the sampling site was performed for one man hour per sampling station, and
macroinvertebrates present on the substrates were collected, preserved, and returned
to the laborato~ for identification.

3.2.2 Data Analysis

Descriptive Parameters - The multiplate data was analyzed for the parameters listed in
Table 3. In addition, the total number of taxa collected from each location was tallied
for the quantitative and qualitative data combined.

Statistical Analyses - Although data were collected from six locations that are upstream
from all SRS discharges, data from two of the locations were not included in the
statistical analyses. Upper Three Runs at Road 8-1 was excluded because Upper
Three Runs is a much larger stream (fifth order) than the other streams that were
sampled (mostly second and third order). However, this location was used as a
comparison for the downstream location on Upper Three Runs (Road C). Data from
Fourmile Branch at Road F were excluded because data from this location indicated
obvious perturbation, probably due to low dissolved oxygen concentrations. Multiplate
data from the four remaining reference stations were compared to stations that are
downstream from SRS NPDES outfalls. Because the data were not normally
distributed and/or did not have homogeneousvariances, nonparametnc tests were
performed, using the Kruskal-Wallis one way ANOVA on ranks. Parameters that were
compared included total number of taxa, total number of EPT taxa, density of
organisms, and NCBI. Details of the statistical analyses are presented in Appendix A.

9
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Table 3. Metrics for Macroinvertebrate

Quantitative (Multiplate) Data

Total number of taxa
Mean Number of taxakampler
Mean density of organisms (number/m*)
Biomass (g ash-free dry weight/m2)

.
WSRC~TR-98-00321

Multiplate and Qualitative Data

Total number of EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa
Relative abundance (Yo)of major taxonomic groups
Relative abundance (Yo)of functional feeding groups
Relative abundance (9fo)of functional feeding group biomass
Listing of dominant taxa (>5Y0abundance)
North Carolina Biotic Index (NCBI; Lenat, 1993)

Qualitative Data

Total number of taxa
Total number of EPT taxa
North Carolina Biotic Index (NCBI)

3.3 Fish

3.3.1 Sampling Methods

Fish assemblages were sampled at fi6 sites. Five of these (one in Mill Creek, one in
Meyers Branch, iwo in Pen Branch, and one in Upper Three Runs) were located
upstream from SRS NPDES outfalls (Figure 1). The other sites were located in areas
potentially impacted by SRS NPDES discharges. With the exception of the uppermost
portion of Four Mile Creek, all stream reaches sampled for macroinvertebrates were
also sampled for fish; although, in some cases, the exact locations sampled differed
somewhat (Figure 1). Reasons for differences between fish and macroinvertebrate
sampling locations will be discussed in greater detail later in this report.

Three 50 m stream segments were electrofished at each sample site. All sites except
for those in Upper Three Runs were sampled with a Coffelt backpack electrofisher
powered by a generator, a Smith-Root backpack electrofisher powered by a battery, or
a Smith-Root backpack electrofisher powered by a generator. A single pass was made
through each 50 m segment at each site while moving upstream. All microhabitats
were carefully sampled in an effort to obtain as many species and individuals as
possible by collecting them with dip nets after they had been stunned by DC current.
At relatively narrow sites (under 4-5 m) we used one backpack electrofisher and a two
or three person crew. At wider sites, two back pack electrofishers and two crews were
used, with a crew covering each bank as both moved upstream simultaneously. To
sample Upper Three Runs, the widest (up to 20 m in the sample areas) and deepest
stream (up to 2.1 m), a 4.5 m boat with a boat mounted generator and a Smith-Root

11
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electrofisher was used. Each bankwas sampled separately in Upper Three Runs using
the previously described protocol. All fish were identified to species and released.

3.3.2 Data Analysis

Fish assemblage data were analyzed using the Index of Biotic Integrity (IBI). The IBI is
a bioassessment method used to assess the biotic integrity of streams. Biotic integrity
is the ability of a stream to support a self sustaining biological community and
ecological processes typical of undisturbed, natural conditions (Angermeier and Karr
1994). The IBI uses fish assemblage data to assess biotic integrity. It is composed of
a number of community, population, and organism level variables that are ecologically
important and sensitive to environmental disturbances of various types. These
variables are measured at assessment sites, compared to those in a range of similar
but undisturbed benchmark streams, and the results summarized in a single number
that reflects the extent to which the assessment site resembles the benchmark. The IBI
has been endorsed by the USEPA (Plafkin et al. 1989) and has been adapted for use
throughout the United States and in a number of foreign countries. It has been -
modified for use in SRS streams where it accurately discriminated undisturbed sites
from sites affected by physical habitat alterations and chemical pollution (Paller et al.
1996).

The IBI was calculated using methods presented in Paller et al. 1996 and Paller and
Dyer 1997. IBI metrics and scoring criteria for the metrics are listed in Table 4.
This methodology adjusts for differences in stream size and sample area making it possible
to directly compare IBI values from streams and sample areas of different size. The highest
IBI value that can be obtained using the methods of Paller et al. (1996) is 50. The IBI was
calculated for each 50 m segment at each location. The statistical significance of differences
between the average IBI at the undisturbed sample sites and the average IBI at the sample
receiving NPDES discharges was assessed with the Kruskal-Wallis test (PsO.05). In
addition, the average IBI at each sample site was compared to IBI values at 29
undisturbed locations sampled during previous sampling programs. This data
(hereafter referred to as historical data) is described more fully in Paller and Dyer
(1997).

4.0 Results

4.1 Upper Three Runs Watershed

4.1.1 Macroinvertebrates

As discussed in Sec%on 2.1, sampling was performed at two locations in Upper Three
Runs: Road 8-1, which is upstream from all NPDES discharges to the stream and just
downstream from Road C, which is downstream from all NPDES discharges and
tributaries that receive discharges. With respect to most of the parameters that were
measured, the Road C site appears to support a more diverse and higher quality
macroinvertebrate community than the Road 8-1 site. The total number of taxa
collected, for qualitative and quantitative sampling combined was 81 at Road C and 51
at Road 8-1 (Table 5). A total of 16 EPT taxa were collected from multiplate samplers
at Road C, as compared to 15 at Road 8-1. However, the NC biotic index for

12
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Table4. Mettics andscoting cntetia used inthelndex of Biotic lntegtiw(lBl)as
modified by Paller et al (1995). The modified IBi is calculated by summing the scores
for the individual metrics.

Scoring criteria
Metrics 1 3 5

Species richness
Adjusted number speciesa
Adjusted number cyprinid
speciesa
Adjusted number piscivorous
speciesa
Number darter species
Number madtom species
Number intolerant species

Species composition
Percent tolerant species
Percent sunfish species

Trophic composition
Percent insectivorous cyprinids
Percent generalized
insectivores

Fish abundance (Number/100 m2)
Stream orders 1-3, Z4 passes
Stream orders 1-3, 1 pass
Stream order 4,24 passes
Stream order 4, 1 pass

Fish condition
Percent with disease or
anomalies

<70
<55

<65

0
0
0

>15
>45

<2(3
>75

c25
<10
<5

>5

70-90
55-80

65-85

1-2
1
1

5-15
25-45

20-35
50-75

<2

>2-5

>90

>80

>85

<5
<25

>35
<50

0-2

a Species number expressed as a percentage of the number of species expected in an
unimpacted stream after adjusting for the effects of sample area, stream order, and
sampling effort (Paller et al. 1995). Maximum percentage equals 100.

the multiplate data was lower (better) at Road 8-1 (3.70) than at Road C (4.84).
Dominant groups of taxa at both locations included dipteran midges, Trichoptera,
Plecoptera, and Ephemeroptera (Table 6). The mean densi of macroinvertebrates on

1’mu[tiplate samplers was higher at Road C (232 organisms/m ) than at Road 8-1 (93.3
organisms/m2), but biomass (ash-free dry weight) was similar at both sites, equaling
0.2590 g/m2 at Road 8-1 and 0.2582 g/m2 at Road C. With respect to functional
feeding groups, shredders were abundant at both locations (32.3Y0 at Road C; 35.7%
at Road 8-l), but collector-gatherers were more abundant at Road C (40Yo)than at
Road 8-1, while collector-filterers were more abundant at Road 8-1 (32.79fo)than at
Road C(11 Yo). An abundance of collector-filterers is often an indication of organic

13
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MULTIPLATE (QUANTITATIVE DATA)

Total #species 27 37 20 17 11 5

Mean # species/repIicate 5.4 7.4 4.0 3.4 2.2 1.0

EPT Index 15 16 9 3 5 0
Density (organisms/mZ) 93.3 232.0 112.0 73.3 53.3 8.9

Total biomass (g/mz) 0.2590 0.2582 0.0518 1.0685 0.0317 0.0006

NC Biotic Index 3.70 4.84 4.87 6.72 5.18 8.88

Relative Abundance of Major
Taxonomic Groups

Annelida (worms) 0.0 0.5 0.0 25.8 0.0 .0.0
Mollusca (clams, snails) 0.0 0.0 ‘ 0.0 0.0 0.0 0.0
Crwstacea 0.0 0.0 0.0 0.0 0.0 0.0

Ephemeroptera - 10.7 11.0 55.4 1.5 64.6

Plecoptera

0.0

34.5 18.2 21.8 0.0 8.3 0.0

Trichoptera 23.8 9.6 5.0 9.1 10.4 0.0

Odonata 1.2 0.0 1.0 0.0 0.0 25.0

Hemiptera 0.0 0.0 0.0 0.0 0.0

Coleoptera 2.4 1.9 1.0 0.0 0.0 0.0

Diptera (excluding midges) 8.3 1.0 0.0 22.7 0.0 0.0

Diptera (midges) 16.7 57.9 12.9 39.4 12.5 . 75.0

Chironomini 3.6 6.2 8.9 1.5 0.0 62.5

Orthocladiinae 3.6 45.9 2.0 12.1 12.5 0.0

Tanypodinae 1.2 0.0 2.0 10.6 0.0 12.5

Tanytarsini 8.3 ‘5.7 0.0 15.2 0.0 0.0

Other ‘ 2.4 0.0 2.9 1.5 4.2 0.0

Relative Abundance of
Functional Feeding Groups
Collector-gatherers -1o.7 40.0 “ 36.6 37.1 52.1 25.0

Collector-filterers 32.7 11.0 0.0 45.5 . 2.1 0.0

Predators 15.5 11.5 12.9 12.1 6.3 37.5

Scrapers 5.4’ 6.0 . 28.2 0.8 32.3 0.0

Shredders 35.7 32.3 24.3 4.5 7.3 37.5
Re[atwe Abunciance of
Functional Feeding Group
Biomass
Collector-gatherers o.3 7.8 22.6 0.3 26.4 <0.q

Collector-filterers 3.3 4.9 <().1 0.8 2.0 <().1

Predators 94.5 54.3 50.8 98.9 42.3 100.0

Scrapers 1.6 6.8 22.6 <().1 26.4 <0.q

Shredders o.3 26.2 4.1 <0.1. 2.9 <0. I

~ QUALITATIVE DATA

total #species 41 61 39 33 33 3

EPT index 18 20 9 3 12 o
NC Biotic Index , 4.76 4.45 5.62 6.37 5.39 7.6

QUALITATIVE AND QUANTITATIVE DATA COMBINED
total #species 51 t 81 I 501 “ 411 381 8
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Table 6. DominantTaxa Collectedfrom Hester-DendyMultiplateSamplers,SavannahRiverSite,November1997

~

g
-N

E2
Site1

Tublficidae x
Lumbrlculidae
Gastropod
Ferdssla

lEphemeroptera
Beatis hrtetcalaris
Sterronamamodestudsmlfhea I

Plecoptera
Acroneuria tywrias
Aliccapnla
Taanlopteryxmataqul

Trichoptera
Brach~ntrus chelatus
BrachycenlrusnumemsusA

tn Ctwumatops@ra
Non<hlronomld DIpterans
I Chrysops I

Simuliumnr. w-acundum x
Simuliumtuberosum complex

Chlronomldae I
Chlronomini
Mlcrotendipesnr. padallus
Phaarropsec&a flatipas
Iwyped Iium akiceps
Ttfbekjucundum

Orthocladiinae

Twetanladiscebtfpes gp.
TanypodInae I

Gnrchapebpia I x
TanytarsInl
Pamienyimus
Rhaotanyiacsusdistinctisslmusgp. x
Tanytarsus 1-
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enrichment or of pooled water, both of which can result in higher concentrations of
phytoplankton, which along with other fine particulate organic matter, are used as food
by collector-filterers. Upper Three Runs does not receive any inputs of treated sanitary

discharges north of the SRS, but increased development in the off-site headwaters of
the stream may be resulting in increased nutrient loading. It is also possible that there
are beaver dams upstream of Road 8-1 that are forming small impoundments on the
stream. The qualitative data from natural substrates also indicated that both species
richness and EPT richness were higher at Road C (61 and 20, respectively) than at
Road 8-1 (41 and 18, respectively;’ Table 5). Unlike the multiplate data, the qualitative
data also indicated that Road C had a lower biotic index value (4.45) than Road 8-1
(4.76), which further substantiates that the macroinvertebrate community at Road C is
somewhat more diverse than the community at Road 8-1.

Tributaries of Upper Three Runs that were sampled include McQueen Branch, Crouch “
Branch, Tires Branch, and Mill Creek. Of these only Mill Creek receives no NPDES
discharges. Mill Creek is a high quality stream, and has a drainage area that is fairly
similar to the size of the Tires Branch watershed, but is considerably larger than the
watersheds of McQueen Branch and Crouch Branch. Since taxonomic richness
generally increases with stream size, McQueen Branch and Crouch Branch would not
be expected to have macroinvertebrate communities that are quite as diverse as Mill
Creek. The macroinvertebrate data for these tributaries of Upper Three Runs are
summarized in Table 5. The data from most of the parameters that were measured
indicate that Mill Creek supports a richer macroinvertebrate community than the
tributaries than receive NPDES discharges; however two of the three tributaries support
relatively diverse communities. A total of 20 taxa were collected from the multiplate
samplers in Mill Creek, as compared to 17 in Tires Branch, 11 in McQueen Branch and
5 in Crouch Branch. For qualitative and quantitative combined, 50 taxa were collected
from Mill Creek, 41 from Tires Branch, 38 from McQueen Branch, and 8 from Crouch
Branch. More EPT taxa were also collected from multiplates in Mill Creek (9) than the
other tributaries (Oto 5). The density of organisms on the multiplates averaged 112
organisms/m2 in Mill Creek, as compared to 73.3 in Tires Branch, 53.3 in McQueen
Branch and just 8.9 organisms/m2 in Crouch Branch. The community of Mill Creek was
dominated by Ephemeroptera (55.4VO;primarily Stenonema; Table 6), Plecoptera
(21.8%; primarily A/locapnia)and midges (12.9%). McQueen Branch was also
dominated by these same groups, and also by Trichoptera, while dominant groups in
Tires Branch were Annelida, midges, other dipterans, and Tnchoptera (hydropsychids).
[n Crouch Branch, only midges (75%) and odonates (25Yo)were collected from the
multiplates. With respect to funti-onal feeding groups, Mill Creek was somewhat
unusual in that no collector-filterers were collected from the multiplates. Feeding
groups were fairly evenly divided between collector-gatherers 36.6%, scrapers (28.2%
and shredders (24.3?40),with predators comprising 12.9% of the organisms collected.
Tires Branch was dominated by collector-filterers (45.5%) and collector-gatherers
(37.1%), while McQueen Branch was dominated by collector-gatherers (52.1%) and
scrapers (32.3’ZO). In Crouch Branch, both predators and shredders accounted for
37.5% of the organisms collected, while 25?0 of the organisms were collector-
gatherers.

For the qualitative data, 39 species were collected from Mill Creek, 33 were collected
from both Tires Branch and McQueen Branch, and just 3 were collected in Crouch
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Branch. More EPTtaxa were collected inthequalitative samples from McQueen
Branch (12) than Mill Creek (9). Tires Branch had 3 EPT taxa in the qualitative sample
and none were found in Crouch Branch.

The data for the Upper Three Runs tributaries indicates that none of the tributaries that
receive NPDES discharges support macroinvertebrate immunities that are of the
quality of that found in Mill Creek. However, the differences maybe due, at least in
part, to influences other than the NPDES discharges. The location that was sampled in
Tires Branch is located just downstream from the old Steed’s Pond dam. Although the
dam no longer impounds what was Steed’s Pond, the portion of the stream that flows
through the old pond bed of Steed’s Pond is braided and has little canopy. The high
percentage of collector-filterers that was found in Tires Branch is probably directly
related to algal production in the braided channels upstream from the sampling
location. In addition, eartier investigations indicated that, at times, dissolved oxygen
concentrations are very low in potions of Tires Branch upstream from the Steed’s
Pond. Intermittently low dissolved oxygen levels could explain the high percentage of
annelids that were collected at this location.

Eartier macroinvertebrate surveys that were conducted in McQueen Branch in 1993 and
1994 (Specht, 1995a; Specht and Paller, 1995) both indicated that the macroinvertebrate
community of the stream was more perturbed than was found in this study. As described in
Section 2.1, both McQueen Branch and Crouch Branch were subject to intense scouring and
siltation during instruction of the DWPF. It appears that although McQueen Branch has
largely recovered, some residual effects of the earlier perturbation may remain at this time.

Crouch Branch appears to be severely perturbed, as evidenced by the low number of
taxa, total absence of EPT taxa, and very low numbers of organisms that were
collected. Although Crouch Branch was also perturbed during construti”on of the
DWPF, and it was sampled much closer to its headwaters than was McQueen Branch,
a much more diverse community should be present if the stream is not subject to
ongoing perturbations. Further studies may be necessaty to identify the source of the
perturbation, but possible effects from the NPDES discharges to the stream cannot be
ruled out at this time.

The results of statistical analyses (Appendix A) indicate that Crouch Branch was
significantly different than the reference locations with respect to the four parameters
that were compared (total number of taxa, number of EPT taxa, density of organisms,
and biotic index). Tires Branch had significantly fewer EPT taxa and a higher biotic
index value than the reference stations. McQueen Branch was not significantly
different that the reference locations with respect to any of the four parameters that
were compared. In all, the macroinvetiebrate data for Upper Three Runs indicated that
Upper Three Runs contained a diverse macroinvertebrate community at both of the
locations that were sampled, and there is no indication that SRS operations have
impacted the macroinvertebrate community at Road C. In fact, the community at Road
C was found to be more diverse than Road 8-1. Two of the three tributaries of Upper
Three Runs that receive NPDES discharges contain relatively diverse
macroinvertebrate communities, whereas one (Crouch Branch) does not. Further
investigations will be initiated to determine the source of the perturbation in this stream.
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4.1.2 Fish
I

Fish assemblage samples in the Upper Three Runs Creek drainage were collected
from Upper Three Runs near Tyler Bridge Road, Upper Three Runs near Road A.2,
Crouch Branch, McQueen Branch, ~ms Branch, and Mill Creek (Appendix C). These
sample locations generally corresponded to the macroinvertebrate sampling locations
except that the macroinvertebrate samples from lower Upper Three Runs (i.e., the
portion of Upper Three Runs potentially affected by NPDES discharges) were collected
from near Road C rather than from near Road A.2. Fish assemblages were not
sampled near Road C to avoid interfering “withother fish sampling programs being
conducted in that area. The sample stations at Upper Three Runs near Road C,
Crouch Branch, Tires Branch and McQueen Branch were located downstream from
NPDES outfalls (Figure 1). Because Mill Creek does not receive NPDES discharges
and is largely undisturbed, it was considered a control site and was pooled with the
other control sites for statistical comparisons. The sample station at Upper Three Runs
near Tyler Bridge Road was located upstream from the NPDES outfalls associated w“th
the SRS. However, Upper Three Runs near Tyler Bridge maybe influenced by offsite
point or nonpoint pollution. For this and other reasons (discussed below), it was not
considered a control site.

The average IBl at Upper Three Runs near Road A2 was 37.3 (Table 7). This value
was not significantly different from control site values and was within the range of IBIs
for unimpacted sites in the historical data set. In contrast, the IBI at Upper Three Runs
near Tyler Bridge (average of 27.3), located upstream of all SRS NPDES outfalls and
industrial areas, was significantly lower than at the control sites (average of 46.0 for
Pen Branch Rd B, Pen Branch Rd. C, Meyers Branch, and Mill Creek) and below the
values for undisturbed streams calculated for the historical data set (Figure 3). These
results parallel those of the macroinvettebrate survey.

There are several possible reasons for depressed or apparently depressed biotic
integrity at Upper Three Runs near Tyler Bridge. Offsite point or nonpoint discharges
are a possibility, especially considering the fact that both fish and macroinvertebrate
assemblages were depressed at Tyler Bridge. Further study would be necessaty to
confirm this hypothesis. Another factor that may have influenced the IBI results is the
unusual habitat at Upper Three Runs near Tyler Bridge. This portion of the stream was
characterized by extensive overhanging brush (an average of 43% of the stream
surface area) which made electrofishing difficult and may have reduced sampling
efficiency. Reduced sampling efficiency could result in an apparent rather than real,
reduction in biotic integrity. Whether apparent or real, relatively low biotic integrity near
Tyler Bridge was not the result of SRS NPDES discharges since all SRS NPDES
outfalls were located downstream from Tyler Bridge.

The IBl for Mill Creek was 40, slightly below the IBI at the other three control sites
(’Table 7) but well within the upper half of the IBl values in the historical data set, as”
expected for this undisturbed stream. The average IBIs at McQueen Branch and Tires
Branch (38.7 and 38.7, respectively), both of which receives NPDES discharges were
not significantly different from the IBIs at the control sites and within the range of IBIs
for undisturbed streams in the historical data set. However, the IBI at Crouch Branch
(29.3) was significantly lower than the IBI at the control sites and lower than any of the



Table 7, IBI values from stream sites receiving NPDES discharges (Y) and sites unaffected by NPDES discharges (N).
There were three replicates at each sample site except for Four Mile Branch near Rd. C where there was insufficient
space for three replicates. .

Sample site NPDES Rep. 1 Rep. 2 Rep. 3 Average St. dev. St. error Median Max Min

Four Mile Branch Rd. 4 Y 18 26 22 22.0 4.0 2.3 22 26 18

Four Mile Branch Rd. C Y 36 46 41.0 7.1 5.0 41 46 36

Four Mile Branch Rd. A6 Y 42 48 38 42.7 5.0 2.9 42 48 38

Four Mile Branch Rd. A Y 42 40 50. 44.0 5.3 3.1 42 50 40

Steel Creek Y 38 30 30 32.7 4.6 2.7 30 38 30

Pen Branch Rd. B N 46 48 48 47.3 1.2 0.7 48 48 46

Pen Branch Rd. C N 50 50 46 48,7 2.3 1.3 50 50 46

McQueens Branch Y 44 42 30 38,7 7.6 4.4 42 44 30

Tires Branch Y 40 38 38 38.7 1.2 0.7 38 40 38

Pen Branch Rd. A Y 44 46 46 45.3 1.2 0.7 46 46 44

Indian Grave Branch Y 44 46 44 44.7 1.2 0.7 44 46 44

Meyers Branch N 44 46 46 45.3 1.2 0.7 46 46 44

Crouch Branch Y 28 36 24 29,3 6.1 3.5 28 36 24

Upper Three Runs Rd. A2 Y 40 42 30 37.3 6.4 3.7 40 42 30

Upper Three Runs Tyler Br. N 22 30 30 27.3 4.6 2,7 30 30 22

Mill Creek Y 44 44 40 42.7 2.3 1.3 44 44 40
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Figure 3. IBI values at 29 undisturbed stream sites located on and near the SRS.
Samples are described more fully in Paller and Dyer (1997).
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IBIs for undisturbed streams in the historical data set (Figure 3). This low IBI value was
matched by the macroinvertebrate data, which also indicated that numerous metrics
were significantly depressed in Crouch Branch.

As indicated in the discussion of the macroinvertebrate data, there are several possible
reasons for depressed biotic integrity in Crouch Branch including construction related
impacts and NPDES discharges. It is also important to recognize that the habitat in
Crouch Branch differed fro”mthat in the other streams included in this study. Crouch
Branch was the shallowest and narrowest stream and characterized by considerable
erosion (Table 8). The latter factor may be related to the comparatively steep gradient
in Crouch Branch but might also be at least partly the result of stormwater runoff from

H area located in the Crouch Branch headwaters. Further investigation maybe
necessary to definitively identify the factor or factors responsible for low biotic integrity
in Crouch Branch.

4.2 Fourmile Branch Watershed

4.2.1 Macroinvertebrates

As described in Section 2.2, macroinvertebrates were collected from four locations in
Fourrnile Branch. Road F is located upstream from all SRS discharges, Road A is
located downstream from all NPDES outfalls, and Roads C and A-7 are located
intermediately (Figure 1). All of the parameters that were measured indicate that the
quality of Fourmile Branch’s macroinvertebrate community improves in a downstream
direction, and that the location that is upstream from all NPDES discharges is the most
perturbed location that was sampled in Fourmile Branch (Table 9). For the multiplate
data, a total of five taxa were collected at Road F, 11 were collected at Road C, 26
were collected at Road A-7 and 29 were collected at Road A. No EPT were collected
at Road F, 1 was found at Road C, 9 at Road A-7 and 7 at Road A. The density of
organisms on the multiplate samplers was also very low at Road F (5.6 organisms/m2,
increasing to 17.8 at Road C, 341 at Road A-7, and “229 at Road A. The biotic index
was highest at Road F (8.15) and lowest at Road A (5.95). The qualitative data
showed similar patterns, with 15 species collected at Road F, 11 at Road C, 20 at Road
A-7, and 27 at Road A. No EPT were found at Road F, 1 at Road C, and 6 at both
Road A-7 and Road A. The biotic index values for the qualitative data showed a similar
trend declining from 7.47 at Road F to 5.95 at Road A. For both the qualitative and
quantitative sampling combined, a total of 18 taxa were collected at Road F, 19 at
Road C, 36 at Road A-7, and 41 at Road A.. Dipterans, annelids, and mollusks were
the only taxa collected at Road F. The community at Road C was dominated by
midges (62.5%), Coleoptera (12.5%), and annelids (12.5’Yo). Caddisflies (primarily
Cheumdopsyche) were the most abundant order collected at Road A-7, accounting for
69.1 ?40 of the organisms collected from the multiplate samplers (Tables 6 and 9).
Mayflies (11.1Yo; mostly Sfer?or?erna),and dipterans were also common. At Road A,
the community was dominated by midges (59.7Yo; primarily Pamkieffetie//a,
Rheotanytarws, and Corynoneura)and mayflies (32.5%; primarily Sfenonerna).
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Table 8. Means for habitat variables. Variables were measured at nine transects at each sample station except at Four Mile Creek Rd. C, Upper Three

Runs Tyler Bridge, and Upper Three Runs Road A.2 where variables were measured at six transects.

Variable
Width (m)

c.) IL IL L IL n.

Depth ~crn)
Current velocity (m/s)
Wood debris and leaves (%)*
Number logs and stumps**
Brush piles (%)*
Root masses (%)*
Macrophytes (%Y
Overhanging bank vegetation (%)
Bank overhang (%)*
Canopy cover (%)*
Bank erosion***

16.0 44,1 111.3
0.18 0.21 0.38

8 12 10
2.3 1.2 3,7
22 23 14
12 5 1
1 19 0
8 43 3
700

85 20 72
0.8 0,0 0.0

21.4
0.19

14
3.4
17
7
2

12
6

89
0.0

13.7 6.7 35.1 33.7 35.6 64.1 10.8 9.5 35.3 37.4 12.8 12.4

0.27 0.24 0.08 0.22 0.18 0.12 0.03 0.16 0.12 0.11 0.14 0.36

4 ‘3 4 13 9 17 27 5 3 3 13 13
1.4 1.8 3.0 6.5 2.6 4.0 1.2 2.2 2,9 2.8 1.2 1.6

9 6 14 ;3 13 12 16 9 8 6 12 22
7447948 632610
3 0 12 17 10 3 0 0 9 59 4 0

32 3 14 28 26 22 5 11 19 22 10 5
82106211 321 4>9;

82 87 73 76 82 31 100 . 85 51 38 72
0.3 3.0 0.1 0.0 0.6 0.0 0.2 0.1 0.8 0.0 2.0 0.4

*

**

***

Percent variables refer to percent of stream bottom area covered by or overhung by the indicated variable

Number of logs and stumps within a 3m band on either side of the transect (6 m in total).

Estimated on a scale of O-3with 3 most severe
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MULTIPLATE [QUAN

Total #species 5
Mean # specieslreplicate 1.0
EPT Index o
Dens-ty (organisms/m2) 5.6

Total biomass (g/m*) 0.0061
NC Biotic index 8.15

“ITATIVE DATA)

17.8 341.0 229.0
0.0054 0.1226 0.0315

7.15 6.40 5.95
Relative Abundance of Major
Taxonomic Groutx

Annelida (worms) . 20.0 .12.5 0.0 0.0
Mollusca(dams, snails) 20.0 0.0 1.0 1.9
Crustacea 0.0 0.0 0.0 1.5
Ephemeroptera 0.0 0.0 11.1 32.5
Plecoptera 0.0 6.3 2.9 0.5
Trichoptera 0.0 0.0 69.1 2.4
Odonata 0.0 6.3 0.0 0.5
Hemiptera 0.0 0.0 0.0 0.0
Coleoptera 0.0 12.5 . 2.3 oo~

Diptera (excluding midges) 20.0 0.0 7.2 0.0
Diptera (midges) 40.0 62.5 6.2 59.7
Chironomini 0.0 12.5 2.9 2.4
ORhodadiinae 20.0 6.3 3.3 37.~
Tanypodinae 0.0 6.3 0.0 1.C
Tanytarsini 20.0 37.5 0.0 18.4

Other 0.0 0.0 0.0 0.:

Relative Abundance of Functional
Feeding Groups

Collector-gatherers 40.0 28.1 11.1 58.C
Collector-filterers 20.0 37.5 74.9 20.4
Predators 20.0
=
Shredders i 0.0I 12.51

18.81 1.01 2.4

I I I I

Relative Abundance of Functional
Feeding Group Biomass

Collectorgatherera <0.1 9.3 7.4 42.5

Collector-filterers -=0.1 <0.1 63.1 5.4
Predatora 100.0 81.5 15.9 7.C
Scrapers <0.1 9.3 11.7 45.1
Shredders <(l 1 <r-) 1 lCI <n 1

QUALITATIVE DATA
Total #species 15 11 20 27
EPT Index o 1 6 t
NC Bioticindex 7.47 6.63 6.56 5.9:

QUAUTATIVE AND QUANTITATIVE DATA COMBINED

Total #species 181 191 36 I 41
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These data clearly indicate that Fourmile Branch is perturbed upstream from all NPDES
discharges and that the quality of the stream increases in a downstream direction. The
portion of Fourmile Branch just upstream from Road FJs a shallow marshy area that
generally has low water velocity. Although dissolved oxygen in the stream at Road F
was 8.9 mg/1at the time of sampling (Table 10), it is likely that oxygen levels are low
during the summer months. Data collected from Fourmile Branch at Road C during the
summer of 1993 (Specht, 1995a) indicated that this portion of the stream had a
dissolved oxygen concentration of 0.8 mg/1at the time of sampling. Numerous portions
of Fourmile Branch have been impounded by beaver dams, and it is likely that these
dams result in low dissolved oxygen concentrations downstream from the impounded
areas during the summer months. If the macroinvertebrate community is subjected to
low dissolved oxygen concentrations periodically, it is likely that the community does
not have time to recover completely during the cooler months.

Table 10. Physical/Chemical Data for SRS Stream Sampling Locations,
December 8, 1997

Specific
Dissolved Conductance

Location Oxygen (mg/1) pH (pmhos/cm) Temperature (“C)

Upper Three Runs
Tires Branch
Mill Creek
McQueen Br.
Crouch Br.
UTR Rd. 8-1
UTR Rd. C

Fourmile Branch
Rd. F
Rd. C
Rd. A-7
Rd. A

Pen Branch
Rd. C
Rd. B
Indian Grave Br.
Rd. A

Steel Creek
Steel Cr. Near Rd. C
Meyers Br.

11.8
11.4
10.1
9.9
10.8
11.9

8.9
10.0
11.0
10.1

10.6
9.8
9.6
10.2

9.7
9.2

6.79
6.80
6.47
6.81

.5.74
5.85

5.16
6.33
6.49
6.61

6.39
6.80
5.83
6.72

6.47
6.39

63
61
50
72
21
27

30 “
52
67
70

42
55
119
63

42
53

4.0
7.0
7.5
13.5
9.8
8.2

4.5
8.7
6.1
7.8

6.2
9.0
10.0
8.9

11.0
8.5

Other studies conducted in Fourmile Branch at Road F indicate that Ceriodaphnia
dubia does poorly when cultured in water from Fourmile Branch (Specht 1995b). During
an investigation conducted for 12 months during 1994, water collected from this
location was always either acutely or chronically toxic to Ceriodaphnia. In 1995, a
Toxicity Identification Evaluation was performed to determine the cause of the toxicity
(ETT Environmental, 1995a, 1995b). The results of the TIE indicated that naturally
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occurring iron wasresponsible forthe observed toxicity. Theiron is believed to leach
from wetland soils, as a result of the low pH of the water.

As discussed in Section 3.2.2, data from Fourrnile Branch at Road F was not included
as data from reference locations for statistical comparisons, since this location was
obviously perturbed. A statistical analysis of the data indicated that Fourrnile Branch at
Road C was significantly different from the reference locations with respect to three of
the four parameters that were measured. This location had fewer macroinvertebrates,
fewer EPT taxa, and a higher biotic index value than the reference locations. The other
Iwo locations in Fourmile Branch (Road A-7 and Road A were not significantly different
that the reference locations with respect to any of the four parameters that were
compared. In conclusion, the macroinvertebrate data from Fourmile Branch indicated
that the upstream portions of Fourmile Branch are perturbed, but the perturbation does
not appear to be related to SRS discharges, since the most upstream station, which is .
above all discharges to the stream, is the most perturbed. The impacts are most likely
due to periodically low levels of dissolved oxygen, and possibly elevated concentrations
of naturally occurring iron.

4.2.2 Fish

Fish sampling station locations differed slightly from macroinvertebrate sampling
locations in Four Mile Creek. Both fish and macroinvertebrate surveys were conducted
near Road C, Road A-7, and Road A (Figure 1) (Appendix C). Macroinvertebrate
surveys were also conducted near Road ~ however, fish were not sampled at this
location because the stream was too shallow and narrow (except in beaver ponds) to
support many fish. Instead, an additional fish survey was conducted near Road 4
(Figure 1). There were no fish sampling stations on Four Mile Creek located upstream
from all NPDES discharges. ”The control sites used for statistical analysis of the Four
Mile Creek sampling stations were the four in Pen Branch, Meyers Branch, and Mill
Creek.

Average IBI values at the Four Mile Creek sampling stations were 44.0 at Road A, 42.7
at Road A-6, 41.0 at Road C, and 22.0 at Road 4 (Table 7). Only the IBI from Four Mile
Creek near Road 4 was significantly lower than the mean IBI for the control sites.
Comparison of this value (22.0) with the historical data indicated that it was
substantially below any IBI remrded in an undisturbed stream (Figure 3). These
findings paralleled those of the macroinvertebrate survey which also indicated a
progressive decrease in biotic integrity in an upstream direction with an unusually low
biotic integrity occurring at the most upstream site (Road F).

The results of the macroinvertebrate survey indicated depressed biotic integrity at Road
F, which was upstream of all of the NPDES outfalls, possibly as a result of low
dissolved oxygen levels in water discharged from beaver dams during the summer or
naturally occurring high iron levels. These factors may have also acted to depress the
fish based IBI at Road 4, which is approximately 4.5 km downstream from Road F
(Figure 1). A beaver pond was located approximately 50 m upstream from the
uppermost fish sampling segment at Road 4, and a reddish flock that may have
precipitated ferric iron was observed in some of the fish sampling areas near Road C.
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Definitive identification of factors responsible for decreased biotic integrity in Four Mile
Creek near Roads 4 and C will require water quality and/or bioassay studies.

4.3 Pen Branch Watershed

4.3.1 Macroinvertebrates

Macroinvertebrates were collected at four locations in the Pen Branch watershed: Pen
Branch at Road C and Road B, both of which are upstream from all SRS discharges;
Indian Grave Branch just downstream from the new cooling tower, which is downstream
from all NPDES discharges from K Area, and Pen Branch at Road A, which is
downstream from the confluence of Indian Grave Branch with pen Branch, and
therefore downstream from all NPDES discharges to Pen Branch. No upstream
reference location could be sampled on Indian Grave Branch, since the discharges -
from K Area enter the headwaters of the stream.

The macroinvertebrate data collected from the three locations in Pen Branch and from
one location in Indian Grave Branch indicate that the locations were fairly similar with
respect to many of the meti”cs that were measured (Table 11). Fewer taxa were
collected from the headwater station in Pen Branch (Road C) than at the other
locations, but this location was tied with Road B for the most taxa collected during
qualitative sampling (34). For qualitative and quantitative sampling combined, the total
number of taxa collected ranged from 38 to 45. Fewer EPT taxa were collected with
multip!ate samplers from Indian Grave Branch (4) and Road A (3) than at the upstream
stations, but the number of EPT collected in the qualitative sampling was similar.
Seven EPT taxa were collected at Road A, Road B, and in Indian Grave Bmnch, while
9 were collected at Road C. The density of organisms collected from the multiplates
was somewhat lower at the two locations that are post-thermal (Indian Grave Bmnch
and Pen Branch at Road A) than at the two unimpacted locations. The biotic index
values for the post-thermal stations (6.54 to 6.58) were also higher than for the stations
that had never received thermal discharges (5.16 and 5.51). Species composition was
the most obvious difference among the four locations. The most upstream location
(Road C) was dominated by mayflies (62.5%; primarily Stenonen?a;Table 6). The
relative abundance of mayflies declined in a downstream direction, to 46.9’% at Road B -
and 9.3% at A, while the relative abundance of dipterans increased from 20.5’3f0at
Road C to 76.7% at Road A. Plecoptera (primarily A//ocapniaand Taeniopfe~), which
accounted for 20.5?40and 15% of the macroinvertebrates collected from Roads C and
B, respectively, were conspicuously absent from the post-thermal stations. Trichoptera
(primarily Chewnafopsyche) were relatively common at Road B (12.2%) but relatively
uncommon at the other three sites (Oto 3.5Yo). Collector-gatherers and shredders were
the most abundant feeding groups at all four sites.

A statistical analysis of the data (Appendix A) indicated that Pen Branch at Road A had
significantly fewer EPT taxa and a higher biotic index value that the reference locations
and Indian Grave Branch had a higher biotic index value than the reference locations.
These data indicated that the macroinvertebrate communities of Indian Grave Branch
and Pen Branch at Road A differed somewhat from the communities at Roads C and B.
Both Indian Grave Branch and Pen Branch are downstream from NPDES discharges
from K Area, but both of these locations were also exposed to a severe thermal regime
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Table Il. Summa~of Macroinvetiebrate. Data, Pen Brantiand Steel Creek, November l997

I ! Pen Branch System ! Steel Creek System I
o m < c

a ~o
m“ >

~g

6? of.
%!

z
a~

Sz

k“ t% &
:: !2;

c c .Fj F? z+.
-0.

%.

($’ 2 5s
s
n

22
U)a w?

Site 10 Site 11 Site 12 Site 13 Site 14 Site 15
DATA)

23 I 221 171 18lTotal # sDecies I 10 I 21 I

1-

Mean # specieslreplicate 2.0 4.2 4.6 4.4 3.4 3.6
EPT Index 7 7 4 3 4 6
Density (o~anisms/m’) 124.0 163.0 101.0 95.6 71.1 180.0
Total biomass (g/m’) 0.0513 0.0654 0.0702 0.1356 0.0428 0.13221
NC Biotic index 5.51 5.16 6.58 6.54 5.81 4.81

1
Relative Abundance of Major
Taxonomic Groups
Annelida (worms) 0.0 0.0
Mollusca (clams, snails) 0.0 0.7
Crustacea 0.0 0.7
Ephemeroptera 62.5 46.9
Plecoptera 15.2 19.7
Trichoptera 0.0 12.2
Odonata 1.8 0.0
Hemiptera 0.0 0.0
Coleoptera 0.0 4.8
DiDtera (excludina midaes) 0.0 0.0

lges) 20.5 15.0
Ii 19.6 2.0

I
UILlluUI=ullnae 0.0 10.2
TanvDodinae 0.0 7.0
Tanytarsini I 0.91 2.0 I

n+hnr nnl n Al

1.1 0.0 0.0 0.6
1.1 2.3 3.1 0.0
1.1 0.0 0.0 0.0

28.6 9.3 35.9 14.2
0.0 0.0 23.4 9.3
2.2 3.5 0.0 “ 2.5
2.2 3.5 1.6 0.0
0.0 0.0 0.0 0.0
3.3 2.3 0.0 0.0
0.0 0.0 1.6 0.6

60.4 76.7 32.8 72.0
42.9 32.6 17.2 29.6

7.7 .24.4 9.4 26.5
7.7 2.3 3.1 3.1
2.2 17.4 3.1 13.6

ULIlG1 u. u U.u 0.0 2.4 1.6 0.0
Relative Abundance of Functional
Feedina Grams
t
---- --.=_. __r _

Collector-gatherers 42.4 .36.4 46.2 40.7 34.4 49.4
Collector-filterers 0.9 15.0 3.3 20.9 4.7 15.4
Predatom 3.6 5.4 12.1 8.1 9.4 6.2
Scrapers 29.9 23.1 16.5 8.1 21.1 6.8
Shredders 23.2 20.1 22.5 22.1 30.5 22.2

lRelative Abundance of Functional
, , I I I !

I I

-1au. {
6.8

L.u U.J.U W&a 10.4
uwapGla I 0[ .0! C)Y. I I 9.3 2.3 23.6 29.4
Shredders 7.0I 9.51 <().1 0.5 6.5 2.7

I

I QUALITATIVE DATA I
rTotal

I
# species 34 34 25 30

EPT Index 9 7 7 7
NC Biotic Index 6.1 6.07 7.05 6.82

QUALITATIVE AND QUANTITATIVE DATA COMBINED
# sr)ecies 38 I 44 I 38 I 451

a33 -40
6 17

6.77 5.68

41 I 47i
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andhigh flows untii KReactorwas shutdown in 1988. Spechtand Paller(1995) found
that macroinvertebrate communities of SRSS post-thermal streams differed
substantially from the streams that had never received thermal discharges, primarily
due to differences in stream habitat. Therefore, it is likely that the differences were due
to habitat differences resulting from the thermal history of the streams rather than to the
effects of NPDES discharges.

4.3.2 Fish

NPDES outfalls within the Pen Branch watershed discharge into Indian Grave Branch,
a tributary of Pen Branch (Figure 1). One fish sampling station was located within
Indian Grave Branch downstream of the outfalls and one was located in Pen Branch
downstream from the confluence of Pen Branch and Indian Grave (Appendix C). Both
were potentially subject to impacts from the NPDES outfalls, particularly the Indian .
Grave Branch station which was closest to the outfalls. There were two additional fish
sampling stations in the Pen Branch drainage located above the confluence of Indian
Grave Branch and Pen Branch (Pen Branch Rd. B and Pen Branch Rd. C) Because
they were located in undisturbed areas and did not receive NPDES discharges, these
sampling stations were considered control sites and grouped with the other two control
sites for statistical testing.

Mean IBI values at the Indian Grave Branch-and Pen Branch sample stations that
received NPDES discharges averaged 44.7 and 45.3, respectively. These values were
not significantly different from the mean IBI for the four control sites (i.e., 46.0, Table 7).
[n addition, the mean IBI values at these two stafions were well within the range of lBl
values characteristic of undisturbed streams as indicated by the historical data (Figure
3). These results indicate that the NPDES outfalls on Indian Grave Branch have not
deleteriously affected biotic integrity in Pen Branch or Indian Grave Branch.

4.4 Steel Creek Watershed

4.4.1 Macroinvertebrates

●

Macroinvertebfates were collected from two locations in the Steel Creek watershed: -
Steel Creek near Road C, which is downstream from all P-Area discharges to the ~“
stream and approximately one km upstream from the upper end of L Lake; and Meyers
Branch at Old Dunbarton Road, which is essentially unimpacted by SRS activities. As
discussed in Section 2.4, sampling was not performed farther downstream in Steel
Creek, because NPDES discharges enter directly into L Lake, the discharges are
minimal, and it would not be possible to distinguish between ecosystem changes
resulting from the impoundment of Steel Creek and effluent effects. In Steel Creek, 17
taxa were collected from the multiplate samplers, 33 were collected from qualitative
sampling, and 41 were collected in all (Table 11). In Meyers Branch, 18 taxa were
collected from the multiplates, 40 were collected during qualitative sampling, and 47
taxa were collected in all. More EPT taxa were collected from Meyers Branch than in
Steel Creek from both the multiplate sampling (6 taxa vs. 4) and the qualitative
sampling (17 taxa vs. 6). The density of organisms on the multiplates was higher in
Meyers Branch (180 organisms/m2) than in Steel Creek (71.1 organisms/m2). The biotic
index values were lower in Meyers Branch than Steel Creek for both the multiplate data
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(4.81 vs. 5.81) and the qualitative sampling (5.68 vs. 6.77). The macroinvertebrate
community on the multiplate samplers in Steel Creek was dominated by mayflies
(35.9%; primarily Sfenonerna), midges (32.8Yo; primarily Po/ypedi/wn), and stoneflies
(23.4%; primarily Taeniopferyx). In Meyers Branch, 72.8% of the organisms collected
were midges (primarily Polypedihm? and Pamneftiocf?ems), with mayflies and
stoneflies accounting for 14.2 and 9.3V0of the organisms collected, respectively.

The results of statistical analyses of the data indicate that Steel Creek did not differ
significantly from the reference stations for any of the four parameters that were
measured (density, number of taxa, number of EPT taxa, and NCBI). The
macroinvertebrate data for Steel Creek indicated that the stream supports a reasonably
diverse macroinvertebrate community that is not dominated by pollution tolerant taxa.
However, the community is not of the quality supported by Meyers Branch. Steel Creek
received thermal discharges from P Reactor prior to the construction of Par Pond, and “
it is possible that there are still differences in habitat between the two streams.

4.4.2 Fish

Fish were collected from sample stations in the portion of Steel Creek upstream from L
Lake and Meyers Branch. The sample station in Steel Creek was located
approximately 1.75 km downstream from several NPDES outfalls. The Meyers Branch
station, in contrast, does not receive NPDES discharges and is largely undisturbed. It
was considered a control site and grouped with the other three control sites for
statistical analysis.

The mean IBl value for the portion of Steel Creek upstream from L Lake was 32.7. This
value was significantly lower than the mean IBI for the four control sites (46.0, Table 7).
Furthermore, it was at the lower end of the range of IBI values calculated for
undisturbed streams in the historical data base (Figure 3). These results indicate that
biotic integrity in upper Steel Creek is below that expected in most, but not all,
undisturbed streams.

It is possible that the relatively low biotic integrity observed in Steel Creek was habitat
related. The banks of Steel Creek were severely eroded (Table 8). The stream
channel was cut more deeply than is typical of most SRS streams and bank collapse
was evident in a number of areas raising the possibility of intermittent siltation and
general habitat instability. Also, the upper portion of Steel Creek is isolated from the
rest of the stream by L Lake, which serves as a source pool for emigrating lake fishes.
The only shiner found in upper Steel Creek was the coastal shiner (Appendix C). This
species is typically uncommon in small streams but common in L Lake (Paller 1996).

Lastly, it is possible that the somewhat degraded fish community in Steel Creek was
the result of previous discharges from the P-014 sanita~ outfall, which constitutes the
headwaters of Steel Creek. Discharge from this outfall was chlorinated until 1995 when
effluent chlorination was halted at all SRS outfalls (Rhonda Huffines, personal
communication). Residual chlorine concentrations were never measured at the P-014
outfall, but often reached very high concentrations (in excess of 10 mg/1)in other SRS
sanitaty discharges. Such concentrations are highly toxic and may eliminate fish from
long segments of the receiving stream (Paller et al. 1987). Therefore, it is possible that
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many fish species were eliminated byprevious (butnot cument) effluent toxiti&. When
effluent chlorination was discontinued, recolonization of upper Steel Creek by a full
range of typical stream fishes was prevented by L Lake wtich blocked the immigration
of fishes from lower Steel Creek. In contrast, colonization by insects, many of which
are capable of flight, would have been easier, perhaps accounting for the somewhat
higher biotic integrity indicated by the macroinvertebrate data.

4.5 Savannah River

All discharges from SRS NPDES outfalls ultimately flow into the Savannah River ‘
because all SRS streams are tributaries of the Savannah River. However, NPDES
outfalls on SRS streams discharge into the upper or midreaches of these streams
(Table 2), resulting in a long flow path to the Savannah River and considerable dilution
of the effluents before they reach the river. Biological sampling has demonstrated that -
most of these outfalls have not affected their receiving streams. In the few cases
where possible effects were observed (e.g., Crouch Branch), they were confined to
headwat.ers and did not persist downstream. Therefore, it is reasonable to conclude
that NPDES outfalls located on SRS streams have hot affected the Savannah River.

Unlikethe majorityof the SRS NPDES outfalls, which discharge into tributary streams,
there are six NPDES outialls (Table 2) that are located near the Savannah River.
Effluents from these outfalls are ~scharged into”~e Savannah ~ver SwamP or flow.
directly into the Savannah River through a relatively short ditch. Upon entering the
river, all effluents are highly diluted by mixingwith Savannah River water. Previous
biological surveys (1983 to 1985) indicated the presence of diverse and healthy fish
and macroinvertebrate communities in the Savannah River with no evidence of impacts
related to SRS NPDES discharges (Specht 1987)..,

5.0 Conclusions

The results of the macroinvertebrate and fish surveys conducted during this study were
generally in close agreement. Both indicated that most SRS stieams were .
characterized by high biotic integrity and unaffected by SRS NPDES discharges. A
prominent exception was Crouch Branch which, as indicated by both the
macroinvertebrate and fish data, was significantly degraded. Further research will be

‘ required to determine whether this degradation was related to NPDES discharges,
habitat, or other factors. Degradation’was also obsetved in upper Fourmile Branch and
upper Steel Creek, but in these cases was ‘probably related to factors other than
NPDES discharges. Factors that may have depressed biotic integrity in these streams
reaches included previous thermal impacts, resenfoir impoundment related effects,
possible construction impacts, and naturally occurring habitat factors.

6.0 References

Angermeier, P.L. and J.R. Karr. 1994. Biological integrity versus biological diversity
as policy directives. Bioscience 44:690-697.

En Environmental, Inc. 1995a. Chronic Toxicity Identification Evaluation, Phase 1,
Fourmile Branch. June 1995. ETT Environmental, Inc. Greenville, SC.

.



wSRC-TR-98-O0321

ETTEnvironmenta~ Inc. 1995b.c hronicT oxicityIdentificationE valuatio&Phase~
Fourmile Branch sutiace water At The Savannah River Site. July 1995. ETT
Environment@ Inc. Greenville, SC. .

Lena~ D.R 1993. A biotic index for the southeastern United States: derivation and list
Of Tolerance values, with criteriafor assigningwater-qualky ratings. J..NorthAmerican
Benthological Socity 12(3):279-290.

Paller, IWH. 1996. L Lake Fish community andwater chemistry. WSRC-TR-96-0163.
SavannahRiver Technology Center, Aiken$C.

Paller, M.H., M,J.M. Reiche~ and J.M. DearL 1996. Use of fish communities to assess
Environmental impacts in South Carolina coastal plain streams. Transactionsof the
American Fisheries Society 125:633-644.

Plaf@J.L.,M.T.Barbour, K.D. Porter, S.KGross, andR M, Hughes. 1989. Rapid
Bioassessment Protocols for use in streamsand rivers.. U.S. EnvironmentalProtection
Agency. EPPA/444/4-89-001.

Spech~ W.L. 1995a. Results of Macroinvertebrate Sampling Conducted at33 SRS
StreamLocations, July-August 1993. WSRC-TR-95-0006. Westinghouse Savannah
River Company, Aike~ SC.

Speeh~ W.L. 1995b. Reproductive Success andMortality Rates of Ceriodaphniadubia
Maintained in Water from Upper Three Runs, Pen Branch andFourrnileBranch.
WSRC-TR-95-0005. Westinghouse SavannahRiver Company, Aiken$SC.

Spech~ W.L. 1987. Comprehensive Cooling Water Study,Final Report, Vol. 4:
Aquatic Ecology. DP-1739-5, E.I.du Pent de Nemours and Company, SavannahRiver
Laborato~, Aike~ SC.

Spech~ W.L. and M.HPaller. 1995, Rapid Bioassessment Methods for Assessing
StreamMacroinvertebrate Communities On the SavannahRiver Site. WSRC-TR-95-
0351. Westinghouse SavannahRiver Company, Aike~ SC.

31



WSRC-TR-98-O0321

. .

APPENDIX A

Statistical Results for Macroinvertebrate Data

A-1 .



WSRC-TR-98-O0321

Statistical Analyses for Density of Organisms

One Way AnaIysis of Variance

Data source: Data 1 in Notebook

Normality Testi Failed

Tuesday,March24, 1998,08:41:49

(P= <0.001)

Test executionendedby user reques~ANOVAon Ranksbegun

Kruskal-Wallis One Way Analysis of Variance on Ranks

Data source: Data 1 in Notebook

Group
n

MCQ
CR
FM-C
FM-A7
lG-B
PB-A
Sc
FM-A
TB

Group
c
MCQ
CR
FM-C
FM-A7
IG-B
PB-A
Sc
FM-A
TB

N M&ing
20 0

5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0

Median 25%
127.750 102.800
61.100 33.350

5.600 4.200
16.700 9.725

344.400 286.075
83.300 62.525
55.600 26.400
50.000 22.250

227.800 115.250
83.300 37.500

75’%0
155.550
73.600
11.150
27.800

401.400
120.850
170.875
95.875

333.350
105.600

Tuesday,March24,1998,08:41:49

H= 43.750 with 9 degrees of freedom. (P= @.001)

The differencesin the medianvalues amongthe treatmentgroups aregreaterthan would be expectedby chancq there is a
statisticallysignificantd@erence (P= <0.001)

To isolatethe group or groupsthat differ fromthe othersuse a multiplecomparisonprocedure.

MultipleComparisonsversusCakrol Group (Dunn’sMethod):

Comparison Diff of Ranks p Q PCO.05
CR VS C 37.375 10 3.957 Yes
FM-CVSC 33.475 9 3.544 Yes
MCQ VS C 21.775 8 2.305 No
Sc Vsc 20.275 7 2.146 No TestNeeded
FM-A7Vsc 18.425 6 1.951 No TestNeeded
TBvsc 14.775 5 1.564 No TestNeeded
PB-AVS C 13.175 4 1.395 No Test Needed
IG-BVS C 10.475 3 1.109 No TestNeeded
FM-AVS C 8.425 2 0.892 No Test Needed
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Statistical Analyses for Density of Organisms (continued)

Mann-Whitney Rank Sum Test ‘ Tuesday,.March24,1998,08:42:38

Normality Testi Failed (P= 0.002)

Group N ~osing
c 20
UTR-8 5 . 0

Group Median 25% 75%
127.750102.800 155.550

123.600;TR-8 61.100 55.600

T= 38.500 n(small)=5 n(big)= 20 (P= 0.077)

The differencesin the median values amongthe two groups are not great enough to excludethe possibilitythat the difference
is due to randomsampling variabili~, there is not a statisticallysignificantdfierenee (P= 0.077)



Statistical Ana[yses for Taxa Richness

One Way Analysis of Variance

Data sourcfx Data 1 in Notebook

Normality Testi Failed (P= 0.023)

Test executionendedby user reques~ANOVAon Ranksbegun

Kruskal-Wallii One Way Analysis of Variance on Ranks

Data source: Data 1 in Notebook

Group
c
MCQ
CR
FM-C
FM-A7
IG-B
PB-A

&A
TB

Group
c
MCQ
CR -
FM-c
FM-A7
IG-B
PB-A

K-A
TB

N Missing
20 0

0
z o
5 0
5 0
5 0
5 0
5 0
5 0
5 0

Median 25°h
7.000 5.500
4.000 2.750
1.000 0.750
3.000 1.750

10.000 9.000
5.000 4.500
7.000 4.250
4.000 2.500

12.000 7.750
6.000 4.000

75%
8.500
5.000
1.500
3.500

12.250
9.000

11.250
5.750

13.250
6.500

WSRC-TR-98-O0321

Monday,March23, 1998,15:42:20

Monday,March23,1998,15:42:20

H= 37.239 with 9 degreesof Iieedom. (P= <0.001)

The differencesin theme&n valuesamongthe treatmentgroups are greaterthan wouldbe expectedby chan~, there is a
statisticallysignificantdifference (P= ~.001)

To isolatethe group or groups that differfromthe othersuse a multiple comparisonprocedure.

MultipleComparisonsversus ControlGroup(lXrm’sMethod):

Comparison Diff of Ranks p Q PCO.05
CR W C 33.625 10 3.571 Yes
FM-CVS C 25.825 9 2.743 No
MCQ VS C 19.925 8 2.116 No TestNeeded
FM-A7Vsc 16.775 7 1.782 No Test Needed
Sc Vsc 16.725 6 1.776 No Test Needed
FM-AVS C 15.775 1.675 No Test Needed
TBvsc 7.825 : 0.831 No Test Needed
IG-B VS C 4.025 0.427 No TestNeeded
PB-AVSC 0.325 ; 0.0345 No Test Needed
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StatisticalAnalysesforTaxaRchness (continued)

Mann-Whitney Rank Sum Test Monday, March 23, 1998, 1%45:04

Data source: Data 1 in Notebook

Normality Testi Pass&l (P= 0.710)

Equal Variance Test: Passed (P= 0.450)

Group N ~osing
UTR-8 5
U’TR-C 5 0

Group Median 25”A 75%
UTR-8 8;000 6.500 12.000
UTR-C 16.000 9.250 18.750

T= 23.000 n(small)=5 n(big)= 5 P(esL)=0.403 P(exact)=0.421

The differencesin the median values amongthe two groups are not great enoughto excludethe possibilitythat the difference
is due to random sampIiig variabili~, there is not a statisticallysignificantdifference (P= 0.421)

A-5
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Statistical Analyses forNumberofEPT Taxa

One Way Analysis of Variance

Data source: Data 1 in Notebook

Normality Testi Failed

Monday,March23,1998, 16:06:35 “

(P= 0.004)

Test executionended by user reques~ANOVAon Ranksbegun

Kruskal-WaUii One Way Analysis of Variance on Ranks

Data source: Data 1 in Notebook

Monday,March23,1998, 16:06:35

Group
c
MCQ
CR
FM-C
FM-A7
IG-B
PB-A
Sc
FM-A
TB

Group
c
MCQ

%-c
FM-A7
IG-B
PB-A

%-A
TB

N Missing
20 0

5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0

Median 25°A
4.000 3.000
3.000 1.750
0.000 0.000
0.000 0.000
5.000 4.750
2.000 0,750
1.000 0.000
1.000 0.750
2.000 2.000
1.000 “ 0.750

75%
4.000
3.000
0.000
0.250
6.500
2.000
1.500
2.500
4.000
1.000

H= 48.502with 9 degreesof Iieedom. (P= <0.001)

The differencesin the medianvalues mnongthe treatmentgroupsare greaterthan wouldbe expectedby chanw there is a
statisticallysignificantdifference (P= <0.001)

To isolatethe group or groups that differ fromthe othersuse a multiplecomparisonprocedure.

MultipleComparisonsversus ControIGroup (hum’s Method):

Comparison Diff;~ $&&s ~~ Q p<().()5
CR VSC 4.315 Yes
FM-CVS C 37:700 9 4.047 Yes
TBvsc 30.200 8 3.242 Yes
PB-AVS C 28.500 7 3.059 Yes
IG-BVS C 23.600 6 2.533
Sc Vsc 21.700 2.329 No TestN&N;
MCQVS C 12.900 : 1.385 No TestNeeded
FM-A7Vsc 12.200 3 1.310 No Test Needed
FM-AVS C 8.500 2 0.912 No Test Needed
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Statistical Analyses for Number of EPT Taxa (continued)

t-test

Normality Testi

Equal Variance Tesfi

Monday,March23,1998, 16:08:11

passed (P= 0.273)

Passed (P= 0.966)

Group N Missing
UTR-8 5 0
UTR-C 5 0

Group Mean Std Dev SEM
UTR-8 6.000 3.674 1.643
UTR-C 7.000 3.937 1.761

Difference -1.000

t= -0.415 with 8 degreesof freedom.(P= 0.689)

95 percentedidence interval for differenceof means: -6.554to 4.554

The differencein the mean values of the two groups is not great enoughto reject the possibfity that the differenceis due to
randomsampliig variabtity. There is not a statisticallysignificantdfierence betweenthe i nput groups (P = 0.689).

Powerof performedtest with alpha= 0.050:0.050

The powerof the performedtest (0.050) is below the desiredpower of 0.800.
You should interpretthe negative findingscautiously.
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Statistical Analyses for North Carolina Biotic Index (NCBI)

One Way Analysis of Variance Monday, March 23,1998, 16:29:56

Data sonrce: Data 1 in Notebook

Normality Test: Passed (P= 0.052)

Equal Variance Testi Failed (P= 0.002)

Test executionendedby user reques; ANOVAon Ranks begun

KruskaI-WalIis One Way Analysis of Variance on Ranks Monday,March23,1998,16:29:56

Data source Data 1 in Notebook

Group
c 2(Y
MCQ 5
CR
FM-c ‘:
FM-A7 5
IG-B 5
PB-A 5

5
&A 5
TB 5

MHsing
o
0
0
0
0
0
0
0
0
0

Group
c
MCQ
CR
FM-c
FM-A7
IG-B
PB-A

!k-A
TB

Median
5.055
5.390
8.700
7.120
6.350
6.540
6.720
6.020
6.060
6.820

25%
4.735
5.018
8.420
6.338
6.252
6.475
5.902
5.150
5.645
5.630

75”A
5.525
5.595
9.250
8.045
6.537
6.705
7.033
6.423
6.180
7.813

H= 44.562 with 9 degreesof freedom. (P= cO.001)

The differencesin the medkuivaluesamongthe treatmentgroupsare greaterthan wouldbe expectedby chanw, there is a
statisticallysignificantdtierence (P= 4.001)

To isolatethe group or groupsthat differhorn the othersuse a multipleeamparisonprocedure.

MultipleComparisonsversusControlGroup(hum’s Method):

Comparison
CR VSC
FM-C VSC
IG-B VSC
PB-A W C
FM-A7 Vsc
TBVsc
FM-A VSC
Sc Vsc

Diff of Ranks p Q
47.400 10 5.014
34.600 9 3.660
31.600 8 3.343
29.100 7 3.078
27.700 6 2.930
27.300 5 2.888
18.500 4 1.957
15.800 3 1.671

p<().05
Yes
Yes
Yes
Yes
Yes
Yes
No

No Test Needed
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Statistical Analyses for North Carolina Biotic index (NCBI) (continued)

Mann-Whitney Rank Sum Test . Monday, March 23,1998,16:3227

Data source: Data 1 in Notebook ●

NormaIity TesC passed (P= 0.622)

Equal Variance Tesk Passed (P= 0.919)

Group N ~osing
UTR-8 5
UTR-C 5 0

*
Group Median 25°A 75%
UTR-8 4.040 2.942 4.353
UTR-C 4.570 4.195 5.652

T= 20.000 n(small)=5 n(big)=5 P(est.)=0.144 P(exact)=0.151

The differencesin the median valuesamongthe two groups are not great enoughto excludethe possibilitythat the difference
is due to random samplingvariabili~ there is not a statisticallysignificantdifference (P= 0.151)
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APPENDIX B

Macroinvertebrate Data
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Appendii TabIe B-1. Species Lis~ Hester-Dendy Multiplate Saniplers
SitewideStudy

5 NOV. -8 DCC 1997

u

Upfla-rlu’umUclt&syslau FourMikBm%hSystan PaBnnclIS- steel cm syslem

mu Mot M@ crouch U3R U3R FMB FMB FMs RdB Pm Pal Id. of. Pal steel Meyas

ORDER EPEEMEROPIERA (mayflia) site 1 site 4 site5 site6 site3 site2 Sk 7 sitex Sii 9 Site16 Sk 10 Sk 11 Sk 12 we 13 site14 siteM
Acutdla mnph N l?i%%m o 0 0 0 0 0 0 0 0 0 0 0 0 0
sOetisJp N $!&Ezi o 0 0 0 : 0 0 0 0 0 0 0 1 0 0

fk%ffsbtfimbnfs N Em o 0 0 0 2 .0 0 12 0 0 1 0 0 1 0
.qknadkl f?mmahml~ N Pa o 0 0 0 0 0 0 0 0 0 6 0 0 0 1

W+ ommdweldanqeq N $&=~- 1 0 0 0 1 0 0 0 0 0 0 0 a 0 0

-=+- &r& N t%zw 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0

HabrqM eblatibmm N Es.%2isi 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

H@lamnkl N I- o 0 0 0 s o 0 0 0 0 0 0 0 “o o

Lepk#kbLl N o 0 0 0 0 0 0 0 0 3 0 0 0 0 0
Pard@phkbia N I- 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0

N I= 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0
pLncnanalmdmlmMlhOe N 53 31 0 g 14I o 0 n 53 5s 62 25 7 32 22

o 0 0 0 0 0 0 0 0 0

0 0 0 10 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

19 3 0 0 4 0 1 0 “o 14 9 0 .0 0 11
2 0 0 0 0 0 0 0 0 1 0 0 0 2 4
0 0 0 2 “o o 0 0 0 0 0 0 0 0 0

0 0 0 0 141 0 0 01 0 0 0 0 0 0 0
t

IES?3

01 01 01 01 31 01 01 01 0! 01

,m m

0! 01 01 01 o]
,...”p.,p.,. -’C=+*

o 01 0 0 01 0 0 0 1 0 0 0 0 0 0

0 0 0 4 3 0 0 1 0 0 0 0 0 0 0

1 1 0 3 3 0 0 0 0 0 5 0 0 0 0

+
o Q o 0 0 0 0 0 0 1 0 0 0 0 0

-..

.
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Appendix Table B-1. Species Lii Hester-Dmdy MukipIate S~pIers
Westinghouse Savannah IUvcr Company

Sitcwidc Study
5 NOV.-8 Dec 1997

upperllUL%RnltscXc&systcm FourMiieBnndISystan PmBnnchSystan Stctt cr. Systcm

rum MiIt McQ CnnKll U3R U3R FMB FMB FMB FMB Pm Pm Id. of. Pm Stcet Mcyax

ORDERIIUCEOFTERA(uddtsfih) site1 site4 site5 site6 Sii 3 site2 Si 7 Sk x site9 Sk 16 S“ti10 Si 11 we. 12 site13 site14 site15

BmdrjwIW cheh3ws L E&i%5 Z?3Z&zm. %%zfi-o“Ei?&%r?z%wi%i o 0 0 0 0 0 0 0 0 0

Emckwnbwnwnenanu L EEIWit o 0 0 0 17 0 0 0 0 0 0 0

L EEE%-

0 0 0
C2mcfeanr.Ir.lurwm 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CunOfimtvknfa L E%@% o 0 0 0 0 0 0 0 1 0 0 1 0 0 0

CAennmklpy=hc L ~~? o 1 0 .2 2 0 0 199 1 0 18 1 3 0 3

Ch!nknmaledma L w~a’ o 0 0 0 0 0 0 4 0 0 0 0 0 0 0

Lnpkctrmaaliukfla L i@E%- 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0-
..— —

H-n3wsXk 6cn$nl L
.:==,

E%Az 0 0 0 0 0 0 0 6 0 0 0 0 0 .0 0

H@vpq’dw elimma L i&%Eli 0 0 0 6 0 “o 0 0 0 0 0 0 0 0 0 -

Hktvp#lc Wrwhlrh L f%%! .0 0 0 0 0 0 0 0 2 0 0 0 0 0 0
@cli%ww . L 1= “’ 14 0 0 0 0 Q2 o 0 0 0 0 0 1-
Mlcmlemaw. rlalicim L m - 00 0 1 1 0 00 0 00 0 0 0 0

@whim L. E%i%% 00 0 0 0 0 0 0’ 1 0 0’0 0 0 0.
Pmw@hvMu L Ez%g-0 3 00 0 0 0 0 0 0 0 0 0 0 0 0.
Pf@cen&OPus L m “ 0 0 0 20 0’ 0 0 0 0 0 0 0 0 0

L E%$%i$%‘. 0 0 0 00 0 0 1 0- 0 0 0 0 0 ;

ORDERODONATA(dmgdlk$) 1- -1 -.@=$l~mE@= s==’ --1--=%=’ ~.
*- N != .O 0 1 0 -0 01 0 0 0 0 0 0 0 0 ?
&@I16idb N i=~ o 0 0 0 0 0 0 0 0 2 0 0 0 0 0

Vfnara N ~-: 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0
N !lF%% o 0 0 0 0 0 1 0 0 0 0 0 0 0 0.

(Eprwnfulk7) N EE%E o 0 0 0 0 0 0 0 0 0 0 1 0 0 0
N o 0 0 0 0 0 0 0 0 0 0 .1 0 0 0

m I N !i3+%zE o 0 1 0 0 0 0 0 1 0 0 0 31 0 0
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AppendixTableB-l. Species L@ Hester-Dendy Multiplate Samplers
WesdnghouscSavannahRiverCompany

SitewidcStudy
5 I’+ow-8 DCC1997

u~Tkss Rnmwsystcnl “ FourhQIeBranchSysfan PmBranchsysccnl Steelcr. systcm
rkls Mu MsQ csOoch U3R U3R FMB FMB FMB Phm Pm Pal Id. Or. Pm Sti Meyers

ORDSR DIFTERA- otherthan midge Ei@l MC 1 silc4 site s Site 6 site 3 site 2 she 7 Sk 8 Sk 9 Sits 16 she 10 sill sits 12 Sk 13 site 14 sits-is

AIhcfisklnIha L *ZZX6 o 0 0 0 2 0 0 0 0 0 0 0 0

Hcmac&omla

o
L ~.~ .0

0
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L EC= ‘o

1
0 0 0 0 0 0 0 0 0 0

L ,* o 0 0 5 0 0 0 0 0 0 0 : : : :y+

. Q’=?=JP L k- o 0 0 0 0 1 0 0 0 0 0 0 0 0 .0
SkldhmVfftutunisolr@r L $@@J o 0 0 0 0 0 0 1 0 0 0 0 0 0 0-

stxnlhmnr.vuKcm&m L W&i 0 0 0 0 0 0 0 0 0 0 0 0
J7amlhmfnb

.0 0
— Sumpk L m% .0 0 0 2 “o o 0 1; o 0 () o 0 “1 .0

0RDH?DIP2ERA-(Tmq#iie) k%il -#t%w #&i%q 1,~m ?YE&z =Mwiiii%i%fi!ziq i?il%wi?n%iiiz i%$w%%q
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Onhx&iius &ml pdoddim) Iignlda L o 0 0 0 0 0 0 0 0 0 0 0 0 0
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AppehdiuTable B-1. Species LiiG Hester-Dendy MuItipIateSamplers
\Vestinghouse Savannah River Company

Sitewide Study
5 NOV. -8 i)CC 1997 .

*
upperlluulzwcm%systan

hiul McQ CmUch U2R

ORDERDIP’3ERA-Canytardnl) site 4 Sk s site 6 Site 3

Pmwa@amw I L ~SWiiJOl o 0 0 0
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site2 S* 7 site s Si 9 site 16 site 10 site Il site 12 .siti 13 site 14 .g~ 15
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Qm?ld&pnwdur miil E% o 0 0 0 0 0 0 0 1 0 0 0 0 0 0

-“5 o 0 0 0 0 0 0 0 0 0 0 0 1 0 0Cllm %%2

PhysclklAclcnufmpha ~ =:$ o 0 0 0 0 0 0 3 0 0 0 1 0 1 0

●
✍✎

-..
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Appendx TabIe B-1. Species LiiL Hester-Dendy MuItiplate Samplers
WestinghouseSavannah Rwer Company

Sitcwidc Study
5 NOV. -8 DCC 1997

Sitd#of Organisms

,.ill o 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 2 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 .0 .. 1
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

3 0 0 3 3 0 0 0 0 0 ~o o 0 0 0
0 0 0 0 0 0 0 0 0 14 0 0 0 0 0
0 0 0 1 3 0 0 0 0 0 .0 0 1 0 0
4 0 0 0 9 0 0 1 0 0 1 2 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 1

@nOnmamOAkmhdshae I N l-l 5 9 0 1 10 0 0 4 1 1 4 2 0 1 9

oRDERPLEc0P3ERA (Stmctlia) %
AawHriaobnOm!& N j
Aamcarbbca”ti N !

Insfo N
AIfOawda N
Cfkpdadto N
kqaia0kt71a N

m N
Le9cols N
PalqqmYmJlancxa I ?4
PcnwaFJadah N

N

rbiopwww N ---, -, -, “, -, “, “, “, -, ., -, -, “, w, “,. w

i

o 0 0 0 0 0 0 0 0 0

0 0 0 2 0 0 0 0 0 0 0 0 0 0 -0
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 s o 0 0 0 0 0 0 L? 3 0 0 0 3
4 1 0 0 4 0 0 0 0 0 0 0 0 2 .1
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 .0
0 0 0 2 1 0 0 0 0 0 0 0 0 0 .. 0
0 0 0 4 2 0 0 0 0 0 0 0 0 0 0

-..
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Appendii TabIe B-2. SpecksL%QuahtiveSampliigofNaturalSubs trates
Westinghouse SavattnatsRiver Company

Sitewidc Study
5 NOV. -8 Dcc 1997

Site/# of Organisms
UppesllUceRumcSe&systan FaurM&JBremhSystan PmBremhSysteta

rum MU M@ Cmlxh U3R U3R FMB F?dB FMB FtdB Pm Pea Id. Or. pm

ORBSRTRICIIOP’2ERA(addMlk) site 4 Si 5 Site6 Si 3 Sii z s* 7 S“ti$ sit.e9 Sii 16 site10 Sii 11 Sii 12 site13

Bnxf@?nI IusChelaius L k%%% !ww E:=%i?ihE2!=?X%%s375Ei%=ti o 0 0 0 0 0 0 a

Bme@em i-usnwnemslu
L 9@::;~ o 0 0 0 17 0 0 0 0 0 0 0 a

Antxacfnlmpuspym IOhfes L E%Z6 1 2 0 0 0 0 0 0 0 1 0 ‘o a

Cenwlhlarpfmfa L
;&::-.;-
-— -9 0 0 0 1 0 0 0 0 0 a o 0 a

Cheumafopqche L ?&-f:=<=&-.. 0 6 0 4 6 0 0 12 1 3 5 3 1

Chlmarm alerrima L %%%5 o 0 0 0 2 0 0 0 0 0 0 2 a

Dlpktimnamadesla L L-=:-”=’L-.$6.+.=..-. o 1 0 0 0 0 0 0 0 0 0 0 a

H@qlS#le beltenI L g:~+% o 2 0 0 0 0 0 0 0 1 0 0 c

H~ elkwa L w- 0 0 0 7 41 0 0 0 0 0 0 0 c

H@twwherp .2 L WA 0 0 0 0 0 0 0 0 0 .0 0 0 ~

steelcr.ssStsd Mcjw

Sii 14 site 15

0 a

o a

.0 a

o a

6 I

o 1

0 c

4 1

0 c
o (

LMXcikrra ~ l#&*~ o 0 ‘o o 0 0 0

%’E:%

o 0 0 “o .1 0 0 0

Mta’awaa w. nulkum L o 0 0 0 1 0 0 0 0 0 0 0 0 0 0

NewtdIPslf L ‘$>=sT=-i%+,%fl 0 0 0 1 5 0 0 0 0 0 0 0 0 0 0

L2qwhtm’ L -%zzid 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0

Palsq4Y10pl#ax L $%Z3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

P/@s?lumpus L ~$$ 1 9 0 0 1 0 .0 0 0 0 0 0 0

P8tlaInk7qz

0 1

L !iiz%% 0 .1 0 .0 0 0 0 0 0 0 0 0 0 0 0
Pulartamts L SE&ii 0 0 0 0 0 0 1 0 0 0 0 0 0 0
&7wpy%e Iucu!enkzhuo

2
L fi!i!%-g o 0 0 1 1 0 0 0 0 2 0 0 2 0 0

F)wqn#eqJ. 2 &#3ddedtnSe) L Ws:q o 0 0 0 0 0 0 0 0 0 0 0 0 0 2

L @*T@ o 0 0 0 0 0 0 0 0 0 0 0 0 1 0

L =3. ~ o 0 0 5 0 0 0 .0 0 0 0 11 1 I

ORDER ODONATA (drsgonflks) B

?4 i

N \

W N i

7 N 1

‘rzp. 1“

StK-iEMi%m%jwiam- iia?21-K sl#Eu-l- !x&4z?3iaE%lSliaTislmsEEi3iF?E%m
im%ml o 0 01 01 01 01 01 01 11 0 0 “o 01 0 0
‘EJS$%il o 0 01 11 01 01 01 II 01 0 2 0 1[ o 0

&wrLmtnas !EizEal
Galaplelyxdimknai%l E&5&a
&tfuleptei N a$$j+q
Caddenxstermadaia N EE%zil
.EkaiIagmanr. dtwam N M%@ o 0 0 0 0 0 0 0 0 7 0 0 0 0 0

k3salkwlia1P. N E&a 1 0 0 3 0 0 1 2 2 0 0 0 1 2 4

Oamplaa mgersl N R%:%l 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0

HaRentusbrdqvtus N %%iid.I. -

Ltbdlula N !&E&2 .

LtmItmsVsmalts N E$&3i

1 2 0 3 .2 0 0 0 1 0 1 II o 7 0

1 4 0 2 2 0 1 2 1 1 2 0 1 9 1

1 1 0 0 0 0 2 0 0 0 0 0 0 0 0

0 0 0 0 0 0 01 0 01 0 0 0 0 2 1

3 0 0 a

I-*6H Urur)Wklcue I N ~~?~ o 1 0 2

0 0 0 a

o 0 0 c

1 0 0 c

A&7umlapt@ Oalllllnatemts N 1 0 0 1

NenmsanfuliavtI@nknsk N o 0 0 (

oJ+ltaga mptnumatnenris N o 2 0 (

Pragamphss N -_*, o s o (

1 0 0 0 0 2 8 0 0 1 1
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0
2 0 0 0 2 1 0 1 0 0 0

0 0 0 0 0 1 0 0 0 0 0

2 0 0 0 0 0 1 0 3 0 0

1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 “o o 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0

ORDSRHEIZROPTEIU (tsuebags) w HXGE4%?wz’ #E-iE%li&w%q $%l&@wE%13iE!zxl tizwt? %Ex# K&f% KHi’@’ S@l-!lqW%%EE%li $iiwwi WfE?4
Belaslaakllufarlum N \&&&jj o 0 0 0 0 0 0 0 0 0 0 11 0 0 0

Memvella N F;Z+5;6 o 0 0 0

RhagavslIa obaa

o 0 0 0 0 0 1 01 0 “o o

N 222=3 o 1 0 0 1 0 0 0 0 0 0 01 0 14 0

.
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Appendix TabIe B-2. Species Liiq Qualitative Sampling of Natural Substrates
Westinghouse Savannah River Company

Sitewide Study
5 Ifov. -8 ~CC1997

Site/##of Organisms
Uppa7hrceRumckcks@cm FourhfiIeBranchSytan PmBrmchSystem steel Cr. sydcm

l-ii Mill ‘ McQ Cnnxh U3R U3R mm FMB FuB FMB Pm Pm M. G. Pal Scml Meycm

ORDER EPEErdERoPIERA (nlqfua) Sii 1 Sii 4 Si s Site6 she3 she 2 Siie 7 she 8 S* 9 si 16 Sii 1(J she 11 site 12 site 13 site 14 shells .

-dubhm N Ez%?$li o 0 0 I “o o 0 0 0 0 0 0 0 0 0

S&isfdi.s N ~&%::;! o 0 0 1 0 0 0 2s o 0 0 0 1 0 5
&X& fnfumtaris N 32%s o 3 0 0 0 0 0 1 0 0 1 0 1 0 1

BOd$pltlprwuu$
N :~~~~<-o.

. 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0

,qdokxlk
N g:$eq~ o 0 0 0 0 0 0 0 1 0 0 1 0 0 0

Ckn&dimimffa N lEEEEf o 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E#kmdk3 @’mwhae/&ma#J N S- o 0 0 0 0 0 0 0 0 0 2 0 0 0 1

N iE-?2%i o 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Ek7J/opklklA’& N M%zi o 0 0 0 0 0 0 0 1 0 0 0 0 “o o

,Hcwcnkz Iimbata N z%.. 3 0 0 3 3 0 0 0 0 -o 0 0 0 0 0

fzpfcpMebIa N %%%% o 0 0 0 0 0 0 0 0 14 0 0 0 0 0

N o 0 0 1 3 0 0 0 0 0 0 0 1 0 0

Pamkpfqwebla N LZ%%5 4 0 0 0 9 0 0 1 0 0 I 2 0 0 0

Sfcmxmn f7ie@mdaim N E%5%.li o 0 00 0 0 0 0 0 1 0 0 0 0 1

&nmemaaaz?ailm&idnc N %RZi “5 9 01 10 00 4 11 4 2 0 1 9

ORDBRPLECOPIERA (stOndlies) si&#&lRfs@fMsW&&E%ssE@-@=s m ‘s=M - ==@- -s s EMEiEJ i%EIR?l REEE!

AaOmafao&wnnk N EEsIl .Wks -“ t== =%@=iz=l 0 0 0 0 0 0 0

AcnYmx?kfyawiaf N @*:& o
0 0 0

0 0 2 0 0 0 0 0 0 0 0 0 0 0

& N ?#%xi 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

akfxf&dtO
-..

N E%zi$z..*4 1 0 0 4 0 0 0 0 0 0 0 0 2 1

&Opufa&olo . N m% o 0 0 0 1 0 0 0 0 0 0 0 0 0 0

a N m“ o 0 0 2 0 -0 0 0 0 0 0 ~ o 0 ?

m N %%Ei] o 0 0 0 0 0 0 0 .0 1 0 0 0 0 0

PO?qnaha@nOxO N R%%%fiI o 0 0 2 1 0 0 0 0 0 0 0 .0 “o o
FWe$’UdOd& N E%%?El o 0 0 4 2 0 0 0 0 0 0 0 0 0 0

.
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Appendw TabIe B-2. Species Listj QuaWtiveSmpIingofNaturaISub strates
Westinghouse Savannah River Company

Sitewide Study
5 Nov. -8 Dec 1997

Sitcf# of Ormnkns

upper‘nuu Rumcmcksj51aU FourMileBrmchSystem PmBnnchSystan steel C& syltal.

Tii Mu McQ (huCh U3R U3R ~ m “FMB FhtB pa Pen Ind.or. Pen Sttcl Mcycn

O.MECALOHERA@dlgmmmlteO site4 site5 Sk 6 site3 site 2 site 7 we 8 site 9 Sk 16 site 10 Sii 11 site 12 site 13 site 14 site 15

Sioli.f L !?Ei-?%ll 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0
co@al w Wmufus N s~32:2 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N@nIaxerrkandf N s;s:~~ 2 2 0 0 0 0 0 0 0 0 1 0 0 0 0
z.<-~.-j..~

0RDSR(XXEOP2’ERA (beefk) iriwil lKiwiilEl.@& i%xi%z s=%% m “x SiEgzlEWs$3-gEl?iE%Z?wf.? s S= ‘ W?@ s m Sm
~ bka!or LA 22=326 o 11 0 0 0 0 0 0 0 0 0 0 0 0 0
,kyumyxvaefegahn A &%5iii o 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Seraflu L $Z!im o 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Gplwamaoucnvgaofs A z:gzgj o 0 0 0 0 0 0 0 0 0 0 0 0 “o o
Dhenturdkdor L 5%?%5 o 0 0 0 1 0 0 0 0 .0 0 0 0 1 0
L3hewluCllklha A %5E%% o 0 0 0 0 0 0 0 0 0 “o o 0 1 0
Dubl&da vkfa

.—.
A E&&z5 o 0 0 0 0 0 0 0 0 0 0 0 0 0 I

De/bltqc+!kvp A i3%z3i 1 0 0 0 0 0 0 0 0 0 I o 0 0 0
&fO* Ilerwfa A @~- 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GonkhdrdJefrkhl A SQQ’ 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
HtlldauMhOphlka A @iii~- 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Hp%OpOnuJp A ??&%% 0 0 0 0 0 6 0 0 0 3 0 0 0 0 0

H~ w. plhfel -A &z*zs” o 0 0 0 0 0 0 0 0 0 0 0 0 0 0
,Y-:zz-.

HdvpamevlIkYIIpezn.& A -q o 0 0 0 0 0 0 0 0 I o 0 0 0 0.--.-,.—.
A iw=%?ii o 0 0 0 0 0 0 0 0 -o 0 0 0 0 2

A km o 0 0 6 2 0 0 0 0 1 0 0 0 0 0

Sbet@dfzp A -Z%%TEi o 0 0 0 0 0 0 0 0 0 2 0 0 6 0

- .- 1 --- -- - - --

0 0 0 2 0 0 0 0 0 0 0 0 L“ “

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 3 3 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 1 3 0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 “o 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

.— .-. .-.— I -<.-, -

21@da2P L i?i~% o I 1 0 1 0 4 0 0 -2 1 1 0 I o

WmPw @la) tv.ababmhdk L .~*~;&!&fi 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

npdaqz 2
,..”>-=.

L .0-->’:;--J- 1 3 0 0 0 0 0 0 0 0 0 1 0 0 0

.
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Appendm Table B-2. Species L~~QuahtiveSamplingofN aturalSubstrates
Westinghouse Savannah River Company

Sitewide Study
5 NOV. -8 ~CC 1997

Sk/# of Organisms
up nlreeRumcre&systmn FourMk BranchSyxem PenBmnchSystem

‘l-ii Miu M@ caouclI U3R U3R FMB FMB FMB F?@ Pm Pm Id. or. Pm
ORDERDKP’IERA- @nypod Site1 site4 Sii 5 site 6 Site 3 site 2 Sk 7 site 8 se 9 Site 16 Si 10 Sii 11 Sk 12 Sk 13
Ablabm@amdlachl . L $E?ziE5 1 0 0 0 1 0 0 0 2 0 0 0 a

Abkbemgfa&n@ w L E%@.5i o 0 0 0 0 z.&Ezll o 0 0 0 0 0 0
@7bewnMaw. pdecmsk L &=+x o 0 0 0 0 1 0 0 0 0 0 0 a

CIWnnyJfKp Ingufs L x%% o 0 0 3 0 1 0

L E$%iz
o 0 3 0 0 2

COldapdopla o 0 0 1 8 0 0 0 0 0 0 0 0

LnbmldidaptICzwIIa L E??:*” o 0 0 0 1 0 0 0 0 0 0 0 a

Mlillda L e?~% o 0 0 0 0 “o o 0 0 1 0 0 a

Pammerkkl L =*=;%:o 1 2 0 0 0 0 0 1 0 0 0 0 a
Zawd&@a L Ei%zi% o 0 0 0 1 0 0 0 0 .2 1 0 a
Pn%hfii L m%z o 0 0 0 0 1 0 0 0 1

--
0 0 1

rqptrplaKIpu7#k1 L &7fE%Qi 0 0 0 0 0 1 0 0 0 0 0 0 a

Wts L

r L
piomdno+POahastla loa#ma?n L
cWola@sOwmufus~ L
Clfco(opiebldmnls L
EuHq%fdtadodpamk,gu L
Oemcnr. Ncmc&xiiurB L
H&m&kwk7ta murddusW. L

L
oJi$O&laurm x.
0Ax&7Uxobumbmlm L
POIUHq%rMkl L
PamnKof— l$aK15e& L
~.z.~-s~- -J. -— .

ORDER D2P2’ERA-(CMmnomtnl) z

COW-M’= m L
C41mmmms L
Dirmk@w m IDunnaliluha L
Eh@&a L
MkmIadipunr.pcdd[ra L
Alicm&dpes m. @dutsk L
NUachm.ma L
Paglxfkf[a L
Pmddmmmu mmOdUOmus L

YiE

~

o 1
0 a
o a
o c
o c
o a
o c
o c
o c
o c

lPd)@ ium \ll\-e L—

o 0 0 0 0 0 0 0 0 0 0 0 c

1 0 0 0 0 0 0 0 0 0 2 3 0 1 0

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 2 0 0 0 0 0 0

0 0 1 0 0 0 0 1 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 2 0 0

0 0 0 0 0 0 0 0 20 0 0 0 8 0 1

0 0 0 0 1 0 0 0 2 0 1 1 0 0 0

1 2 0 1 1 0 0 0 0 3 2 1 1 0 3

0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

1 1 0 0 10 0 0 0 1 .0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0

0 0 0 1 6 0 0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 .1 0 0 0 0 2

#&%mz#sRsawf?!s jF3’m%mEz’ W%72f?’miwmi%miwa?$q 5&&fdq3a&wf%a-m%?imES3iwUls%q
1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 7 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 2 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 2 0 0 0 0 61 ‘o 2 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 0 I o 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0 1 0 0 0 Q o

0 0 0 0 0 0 0 0 0 0 0 2 9 0 0
~~* o 0 0 0 0 1 0 0 0 0 0 0 0 0 0

%x 11 8 0 0 0 0 0 3 0 4 I o 0 s 1
- . . ,

0 0 0 0 28 0 0 0 0
si~

0 0 0 0 0 0

~=. o 0 0 0 2 1 0 0 1 0 0 0 0 0 0

.
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Appendix Table B-3. Macroinvertebrate Data, by Replicate

CIienti Westinghouse Savannah River Company
Stream: Tlms Branch (Site 1)
Coun@ Barnwel~ SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms
ORDER EPHEMEROPTERA (mayfl
Baetis sp. N %%%a: o 0 0 1

Caenis diminuta

“EiEziiaORDER ODONATA {dra~onflies)

- . .....-6..- .~. . . .

Gomphus Iividus N g

Libellula ~ ~-

0. MEGALOPTERA (helfgrammk) m -w _--m- Ez@EE&q

C.oryahlus cornutus L _ o 0 0 0 E$%iKqy $?&&&=

Nigronia serricornis L p--’ o 0 0 0 _ ().2 F_~;~, -
. .

Coptotomus interrogates I.A l!

H~opotws Sp.
~~~;

ORDER DIPTEI&%- other than midge ~ W ~—~ ~

Ephydridae L SX o—... ... ...

B-n

.
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Appendm TabIe B-2. Species LiiLQuaUtative SampIing of Natural Substrates
WestinghouseSavannah Rwcr Company

Sitewidc Study
5 NOV. -8 Dcc 1997

Site/# of Organisms
UppmTIUaRon5cnxksyStan FourMiie BranclISystcm Pm Bnnrh System Skd ct. syxtcm

Tii Mu McQ CrOUcb U3R U3R FMB FMB FMB FMB Pm Pm In&or. Pcn steel Mcym

ORDSRDIPIZRA-fhnytatM) site4 Sk 5 site 6 site 3 SiCc2 site 7 site 8 site 9 Sise 16 site 10 Well site 12 site 13 site 14 Sk 15

c%dOtO?iyfOmaSR L &>%2=o o 0 0 0 0 0 0 0 0 0 0 0 1 0 0
POrO@mmu

~--- ..=
L %?:%0 o 0 0 0 0 0 1 0 0 0 0 0 0 0 0

~ dirlkxhlnm~ ~p F&~:~ 1 2 0 9 5 0 0 0 3 1 4 1 10 4 2

WedmpmSeriguwrgu up ~~ 1) o 0 0 4 0 0 0 0 0 0 0 0 () o

Tmlyomk% L,p $RR=a 2 1 0 0 5 3 0 0 5 1 0 2 (1 I g

PEYLUM ANNEIJDA (worm4ccches) lk=@sw’lmm%ww#w%iBE5T@=’-@lzlFi%@si%=wwfis
-.

1 1- 1 1 1 1 s s mi?iEiEEa6’#m mwMmmmmmE

]Tubhkidae(W/0 CIP. tdae) 1=%%1 01 01 01 01 01 01 01 01 01 2[ 01 11 01 “ 01 0

CLASS CRU=ACEA (mz$ + duimp) IESIS =zs@w31 3E%z?d &3Ew&E9i&s%gzlEiRizci S%REfi1 3Z%W KE!a?sl SE&5fEj RzEIE1 Ei?3E# -i RExwj=,

J.A *531 4 0 3 4 3 0 0 0 1 0 7 0 2 14 4

H#kk10dea2 J -ml o 0 0 0 0 0 0 0 26 0 0 38 2 0 1

Clnmgwp 061kwx+i dmmnden$il J %!”!-%3 o 0 0 0 0 0 0 1 0 0 0 0 0 0 0

ORDER LEPmoPIERA (mosbs) i!iRIad3smmfHm-m iF?mzmm%@2w4 RiaEl@@3E!m-w-l-m s

Parq$q7mO&d& I Z,- 01 01 01 91 111 01 OJ 11 d 0] 01 01 11 11 0

PHYLUM MOILUSCA (dams malls) E9m&simmisE$f$iEix?@-SsR&%mw%aa$iaa%lm’ias L%iaE4SSEIG!% .%m@Hi% SE. !%u%E’!m?.!iESfiam
.4mdw&limow m.dl ?$$ss5 o 0 0 0 4 01 0 0 3 .0 0 0 1 “o o

OYIPdCfnmdeC&um . d ~E–a 9 2 0 0 3 01 1 0 0 10 0 0 0 0 0

COf6kd@wnkQl Cllm Z?=. o 0 0 0 0 0 2 10 0 2 1 12 1 0

Hd&wl$zmlCep5 5ndl EEEZ9 : 0 0 0 0 0 0 0 0 0 0 6 2 0 0

CLlm %z&Ez o 0 0 0 0 1 1 0 0 3 3 1 6 0 2

PAysel.hAeIerosfmpho & ~=1~ o 0 0 0 0 0 0 25 3 0 0 0 0 3 1

.
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AppendirTableB-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Tires Branch (Site 1)
Coun@: BarnweII, SC
ColIection Date: 5 Nov -8 Dec 1997

Site /#of Organisms
ORDER DIPTER4 - (Tanypodinae)

ConchapeIopia

ORDER DIPTER4 - (Orthocladiinae)

CixynOneura

‘E

f o 0 0 0 !2
o 1 0 0g

l%ienemanniel!axena gp. 1 0 1 0 W 0.61_

. . ... r----- . . --------- I — ,+
.

ORDER DWTERA A(Tanytarsini) WBl!llzl!zl%x%imxl%x!zl-=
Rheotar@zrsUs dktinctissimus gp. I L -4 0 1 1 m 1.4

Tanytarsus p ~a o 1 2 0 m 0.6

PHYLUM ANNELIDA (worms,keches w w- ---

Nak commutuk mq o 0 0 Olmi!$~.
Tubificidac(w/ocap.actac)

B-13
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AppendixTab1eB-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 2)
County Aiken, SC
Collection Dattx 5 Nov -8 Dec 1997

.

Site /#of Or~anisms

ORDER PLECOPTERA (stoneflkd E

lAcroneuriaabnormk INI;

hcroneuriamdu ‘ ! N I*

Lkomrla dicala lNk

B–14
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AppendixTableB-3. Macroinvertebrate Data, by Repiicate

Client: Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 2)
County: Alken, SC
Collection Date: 5 Nov -8 Dec 1997

ORDER COLEOPTERA @etIes) -~.-jj ?REwm&ml@mlm.—. —, —.——.
—...- ....———----- I --z

I-= .. ---- .— I .

k
AI

P,

Ectemnti invenusta

ORDER DIPTEIL4 - other than midges -m~~=mm=

therixlantha [L 2
0‘aIpomyiasp.. I L

lPikrI%

IL

I 1.

-

-%+-

01 01 01
1 ! I , - ,,

+

o“
o +

o
0 +

o
0

~ I I I -:

01 01 “ 01
....-- .—..J -..—-

Stilobezzia nr. hftea . - -, -, -,,,

T@uIaSp. 01 o! 01 Olm 01-

B-15
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AppendisTabIeB-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 2)
County Aiken, SC
CoIIection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

.
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AppendixTabIeB-3. Macroinvertebrate Dam by Replicate

CIient: Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 3)
County Alken, SC
Collection Date 5 Nov -8 Dec 1997

Baetisfiondizlis
.-=

N #&

HabrophIebia vfbrans

H-genia limbata

Neoephemera youngi
Qf...lw”w” Iwna.efwwl.nlifhme N

- ,

0 0 0 0{
o 0 0 0;

“*c,’ ”r&G,,. - ,,,—. W?””.’ . .. C...” I -. 0 4 1 1 ‘ ., -.-,=__,I-f

~Acroneuriaabnormis IN

Helopicus subvarhzns “ N @

Pcriidae N “g
Paragnetinajbosa .N g

Perkstaplacida N B

Pteronarqm N B

Taenioptetyx metequi N ~, , , u

B-17
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Append~Table B.3. MacrOinvefiebrate Da@ by Replicate

. ..
Clienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 2)
County Aiken, SC
CoIIection Date: 5 Nov -8 Dec 1997

B-18



WSRC-TR-98-O0321

AppendiiTabIeB-3. Macroinvertebrate Dataj by Replicate

Clienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (SXe 3)
County: Aiken, SC
Collection Date: 5 Nov -8 D.ec1997

Site /#of Organisms

ORDER DIPTERA - (Tanypodinae)

Clinotawuspinguis (J () ()

Conchapelopia L m~ 1 0 0

ORDER DIPTJUW - (Tanytarsini)
Rheotanytarsus dktinctksimus gp. I

CLASS CRUSTACEA (crayiiih, shrith -mm-mm-

Cambarinac 1A ml 01 01 01 Olz- (j1~~~~

ORDER LEPIDOPTERA (moths) m l&l@E@l%!!EE5!xzlm mm= - .,. xl ta :

Parapoynx obscuralis L ml d 01 0 0I= () g+~7&3?J&$-

.



WSRC-TR-98-O0321

Appendm TabIe B-3. Macroinvertebrate Datq by Replicate

CIienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 3)
County: Aiken, SC
Collection Date: 5 Nov -8 Dec 1997

Site /## of Organisms

O. MEGALOPTERA (hellgrammites) = E%@--- m-
Nigronia serticornk L 1= ‘0111010 %ffl%%i

B-20
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Appendix Table B-3. Macroinvertebrate Data, by Replicate

Clienti Westinghouse Savannah River Company
Stream: MI1lCreek (Site 4)
Coun&: BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

ORDER COLEOPTERA (beetI=)

]Dubiravhia SD.

Il?ctowia nervosa

ORDER DIPTERA - other .than midges Q=

Hwtoma L >~~zg o

StiIobeszia W. Iutea L ~=;m~ o..-=== .

I?pula (Nippotim

l%nda SD. 2

lula) nr. abdorninalis

I

lPolyDediIum aviceps

B-2 1
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Appendx Table B-3. Macroinvertebrate Dataj by Replicate

Clienti Westinghouse Savannah River Company
Stream: Mill Creek (Site 4)
County: Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

ORDER EPHEMEROPTERA (mavtlk-s) m

Eurylophella (immature /ahnage@

Hexavenia Iimbafa

.

ORDER PLECOPTERA (stoneflies) m

-K..-. ----- .- .... .. .
iNi~

lPerksta DkCi&

t

N

N

~Anisocentrozws znvwloides lLl~

I L I

\

.

B-22



WSRC-TR-98-O0321

AppendiiTabIeB-3. Macroinvetiebrate Datq by Replicate

Clienti Westinghouse Savannah River Company
Stream: McQueen Branch (Site 5)
County: Alken, SC
Collection Date: 5 Nov -8 Dec 1997

ORDER PLECOPTEIUi (stonefi~) E—.

Acroneuria mela N

Allocapnia N.

Clioperla clio N

n‘+sta placi _’– XT

winnfavr meteauit

rel
Tai

r--- ...-= .- .,.- -..---=--- I , — !

ORDER TRICHOPTERA (cadd~fliesl. [

-,r - ------- 1 .

Phylocentropus
L’ ~g~:j o () o

0 l%F@Q
o~

Psilotreta sp. o 0 0 01- o~=a

ORDER ODONATA (dragonflies)

Boyeria vinosa ~ ‘-~.’ o.—
a.~:~-
,.--.--__—..=

Caloutenx dimidiata
N ~:::g

..~>--=

--

ORDER HETEROPTERA (true bugs)

.
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AppendiiTableB-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Mill Creek (Site 4)
County: BarnwelI, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms
ORDER DIPTERA - @anytarsini)” m m _ mm @J?@#j’m m &
Rheotarytarsus distinctissinnmgp.

.
L @:g@: o 0 0 () ~~~__ o -

Tiznytarsus L ~.$ () o ()k-- J o E* o -

CLASS CRUSTACEA (crayfish, shrimp) = B m-m

Cambarinae A ml o 0 0

Palaentonetespakdosus “ [A m () () ()

PHYLUM MOLLUSCA (dams, snaik) =!- -- =. m -m -
L

Catnpeloma deciwn snaiI m? o 0 0 0 0 -

Corbicula fluminea Ckml R%$%ff o 0 0 0 EEEa! o g>~

.

B-24



WSRC-TR-98-O0321

AppendixTableB-3. Macroinvertebrate Da% by Replicate

Client: Westinghouse Savannah River Company “
Stream: McQueen Branch (Site 5)
County: Aiken, SC
CoIIection Date: 5 Nov -8 Dec 1997

ORDER DIPTERA - (Tanypodmae) m - m

Paranterina

01 01 0 I%aisi$i

PHYLUM MOLLUSCA (clams, snails) ##&#l&~p~{-~ eKxwKm!27&mlaxz?lqM.wlzlQ!@
Campeioma decisum snaill~ . “’<01 01 01 01 01 “0.1 o~.. ?“=?

B-25
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Appendu Table B-3. Macroinvertebrate Dam by Replicate

Clienti Westinghouse Savannah River Company
Stream: Crouch Branch (Site 6)
Coun@ BarnweI1, SC
CoIIection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

ORDER ODONATA (dragonflies) m -~
A~”asedula N ~&* o 0 0 0.2 ~$

Enallagma sp. o 0 0 02 ~

ORDER DD?TERA - other than midges ~g w~mm m
.

1 - ~ (

lT@tIasp. L ml 01 4 d oE!i%E31o-k

ORDER DIPTEILA - (Tanypodinae) !@%zllm l%%z!#lm ~. I

01 11 01 0 m

ORDER DIPTERA - (Orthocladtinae)

Cricotopus bicinctus

ORDERDIPTERA - (Chhmomini)

Phaenopsectra~ipes L W: o 0 .1 3 EEgg!q. 0.8 _ ,

Polypedihunfdhzc L g~~: o () o 1 m 0.2 -

CLASS CRUSTACEA (crayf~h, shnm m. --m-- w m .k ep

Cambsrinae A “Wm;l 01 01 01 0 _

B-26
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Appendix Table B-3. Macroinvertebrate Dat%by Replicate

Clicnfi Westinghouse Savannah River Company
Stream: Four Ml[e Branch (Site 8)
County Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms
ORDEREPHEMEROPTERA(ma@tl~l=~~~~~~-l~-p~ eZm3wimllmiiaiwfa$a

Site /#of Organisms
ORDERPLECOPTERA(stoncllies) lmR%&lzz!%lFl@%@l_@Eil$lxIz?5x!-.

I N 1%%51 01 11 0 olE$!izf!l 0.21S$%S$EQ

ORDERTIUCHOFTERA(cadduflicsj~l=----m~
Ptilastomi.s I L I’@#ji{ “ 01 01 01 01=1

ORDERODONATA(dragonflies) i!R!?z$am - m m- i?@z41@l@+
cWopkvyr dimidia&x N I%%$j O 0 0 ‘1 $%%% 0.2 ->

Cordulegastersp. N[m O 0 0 0 m: o l%R%%2%i2%-
Enalklgmasp. N 1=1 O 0 0 0 w’ o ~k
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AppendiiTabIeB-3. Macroinvertebrate Dat%by Replicate

Clienti Westinghouse Savannah River Company
Stream: Four MiIe Branch (Site 7)
County: BarnweI1, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

ORDER COLEOPTERA (beethxs)
.

Berosus L ~~~$ o 0 0

Hy&oporus Sp.

ORDER DIPTERA - other than midges =

C?ysops Sp. L &~ () o 0 1 =1 0.2 -

Pilaria L ~- o 0 0 0 ~$j$ o W-

B-28
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AppendiiTabIeB-3. Macroinvertebrate Dataj by Replicate

Client: Westinghouse Savannah River Company
Stream: Four MiIe Branch (Site 9)
County: Barnwell, SC
ColIection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

.

ORDER PLECOPTERA (stoneflies) !2m-m lK%!z!l-=
W -

ParagnetiMfimosa N = o 0 0 1 iEfiiia 0.2 -~
Taenioptetyz metequi “ N %fY%lT 3 1 1 3 -

ORDER ODONATA (dragonflies)

A/gii SJJ
N &g&%&z&: o () () () m

C!aloptetyz dimia%zta . N ~$jzi o () () () =

Enalk7gma Sp. N m o 0 0 0E%=%
O. MEGALOPTEW (hellgrammhs)

Corydalus cornutus L ~lq 01 01 01 1l~ql



wSRC-TR-98-O0321

Appendix Table B-3. Macroinvertebrate Datq by Replicate

Clienti Westinghouse Savannah River Company
Stream: Four Mile Branch (Site 9)
County: BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

ORDER DII?TERA- @anypodinae)

B-30



WSRC-TR-98-O0321

Appendix Table B-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 10)
,Coux@ BarnweI1,SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms
ORDER EPHEMEROPTFW4 (mayflie = W-=- m mm - ie \ .

Leptophlebia N f$gg$j$j 1 0 2 0 =%+%$] 0.6 ==

Stenacron interpunctatum N “Z* 3 0 3

Stenonema moakstundsmithae N gig##gj 8 8 8

ORDER PLECOPTERA (stonefihx) g E

kkcamzia
y F-,

lCliouerla ciio lN~

IZZZa

Perlinella ephyre N i

Taenioptegx metequi

CMopteryx dlmidiata lNl~... ..——

kunthusvernalis

B-3 1
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WSRC-TR-98-O0321

Appendix Table B-3. Macroinvertebrate Datq by Replicate

Clienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 10)
County Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

ORDER DIPTERA - other than midges .!!f&g

2T@dasp. ~ g-
-.+=%-t

B-32



WSRC-TR-98-O0321

AppendixTabIeB-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 10)
County: Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms
ORDER DII?I’ERA - (Tanytarsini)

Rheotat@arsus alktinctissimk gp. “ L gg;?gg, o 0

Tarytarsus p’ Y= : 0 0
. .

PHYLUMANNELIDA(worms,keches)mlm~m m mm ~[
~bificidae (w/o cap. setae) Is%sifinl 01 01 0 —() $2&&&j

..’.

B-33
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AppendixTabIeB-3. Macroinvertebrate Dat~ by Replicate

Client: Westinghouse Savannah River Company
Stream: Pen Branch (Site 11)
County BarnweI1, SC
ColIection Date: 5 Nov -8 Dec 1997

Site /#of Oxwanisms

ORDER ODONATA [dra~onfks)

Argia Sp

Boyeria vinosa

Calopterp dimidiata

Gomphus [ividus

Mzcromia geotxina / illinoiensis

B-34



WSRC-TR-98-O0321

AppendixTabIeB-3. Macroinvertebrate Data, by Replicate

Client: Westinghouse Savannah River Company
Stream: Pen Branch (Site 11)
County BarnweI1, SC
CoI1ection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

O. MEGALOPTEW (hel[grammites)

Sialis L ~;~~ () o (-J o %?wQl

Nigronia serricornis

ORDER COLEOPTERA (beetIes)

Afcyronyrvariegatus

Ikhirnnhia .WZ

.--r. . . . . . . ---- 1

Heh%husIithophilus [A

ORDER DIPTERA - (Orthocladiinae) m

Corynoneura L

Nanocladius L ,.--=f f 1 9

Orthocladius nr. annectens L ~~~ ;j ;] ;~ -

Orthocladius (SymposiocIadiu.$ lignicola L Esi 1—-..—.

B-35



WSRC-TR-98-O0321

Appendix Table B-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 11)
County: BarnwelI, SC
CoIIection Date: 5 Nov -8 Dec 1997

ORDER DIPTERA - (13u@?rsini)

Rheottzlytarsus alstinctlwlaus gp.

Caec&iotea

Cambminac

Palasmonekspaludosus

PHYLUM MOLLUSCA (damst snaiIs) 181f#m-m-- m
Cbrbkulajluminea 0 Oi Ii o _

Spflaerilan o 01 01 0 ml

B-36



WSRC-TR-98-O0321

AppendixTabIeB-3. Macroinvertebrate Da% by Replicate

Clienti Westinghouse Savannah River Company
Stream: Indian Grave Branch (Site 12)
County: BarnweI1, SC
Collection Date: 5 Nov -8 Dec 1997

Site /#of Organisms

ORDER EPHEMEROETERA (mayflie -mi- {

Callibaetis - I N l~=~=e.l . I ., I ,---{.—.. .. -_—...-..
- -.-r .-r . . ----- U

-. s----

kenonema modestundsmithae I N .l~

ORDER TRICEOPTERA k.add~tb) i

mrra atem”ma

diversa

Y

ORDER ODONATA (dragonflies) _____

lBoveria vinosa N II

[Evitheca Evicordtdia) lN[!/
Eqvthrod@laxconnata

I v 1 - ,*

r. 01 01 II ‘“-0 l=

.
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WSRC-TR–98-O0321

AppendiiTabIeB-3. Macroinvertebrhte Data, by Replicate

CIienti Westinghouse Savannah River Company
Stream: Indian Grave Branch (Site 12)
County: BarnwelI, SC
Collection Date: 5 Nov -8 Dec 1997

ORDER DIPTERA - (Orthocladtiae) m=,ml- ..————.——-
Corynoneura “
(Diamesinae)-Potthastia Iongimana

ParakieFf”eIhz

Parameti”ocnemusIundbecki
Thimwmnnni~Hn wnn on

01 21 01

01 21 01

-+1-H-l-
J- ...-. .-. ..—....-. --—. —-. I I—1

. . .
I I I ,--, ,-——.,,

ORDER DIPTIUL4 - (Tanytarsini)

Rheotanytawus distinctissimw gp.

Tanytarsus P gzs.?.o- 0 0 1*-$~+

rPHYLUM MOLLUSCA (ciams. snailsl %%%

_—.. .- ...-.4.......-----
I . ..- 9 .. —..,. ..-—

He[isoma anceps snail ~. Q o 0 0
o’ ~-“ .~ o [3 -::yy/6:+J

. . L >s ....4

Sphaerium clam .- o- >0 0 0 0 ~;.‘ g o “
w:!a~fl

-$,--k!’.. 4

PhyseIIa heterostropho snail -Q o 1 0 0 :1 0.2
. ,..$.1..$

03
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AppendmTableB-3. Macroinvertebrate Dat%by Replicate

C1ienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 13)
Counfy BarnwelI, SC
Collection Date: 5 Nov -8 Dec 1997

Site I # of ‘a

01 01 11--- I I I
. .

A

lrganisms

ORDER ODONATA (dragonfk?s) !ma-q-,-,m!m,=- e s.- .—.- .—- — ..—
...~... “~ I

-. , w+.+.,+-.,
—— ---- ,

---- .-. , ------------ 1
-. -+.=— .,. –“

Fmllamm sn. Nim:

0. MEGALOPTEIL%(hel[grammites) r-m=m- KEEiizlKEElw%%l

CoryaWs cornutus L l&%-31~ 01 01 II 1[~+=~:1 0.4 I

. . .
ORDER COLEOPTERA @etles)

B-39
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WSRC–TR–98-O0321

AppendirTabIeB-3~ Macroinvertebrate Dam by RepIicate

Clienh Westinghouse Savannah River Company
Stream: Pen Branch (Site 13)
Coun@ Barnwe14 SC
ColIection Date: 5 Nov -8 Dec 1997

Site /#of Or~anisms

ORDER DIPTERA - (Ortbocladiinae) [m!~~=~s~ @ e.
——— ———

[-’””-’””IU”, ..-,-.’, u ,..,

~Cricotoms bicinctus . IL

FHyok

Orth(

obaenus IL
Wh7AlsSt7.

Orthoclaa?usobumbratus
Para/deffZri”elIa : —

Parameti”ocnemus hmdbecki ILP
Rheocricotnnu~ rohacfi

l’hiene~”ellafusca gp.

------- .-. .--— . ----.— I
—

01 11 01 0

m, , I

]Zkteniapauczmca w. . I L IL ~1 01 01 0,-, -,-.-U

ORDER DIPTERA - (Chironomini) lam--m-mm ~fl

Po~ediIum miceps
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AppendixTabIeB-3. Macroinvertebrate Da@ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Steel Creek (Site 14)
County: Barnwell, SC ~
Collection Date: 5 Nov -8 Dec 1997

.
Site /#of Organisms

ORDER EPHEMEROPTERA (mayflies) _ mm mm #?5!& l@&l#&E55fl’ @&KE%%J:

Baetis intercalaris

Stenonentamodestundsmithae N ~~%!!$, -8 3 2

ORDER PLECOPTERA (stoneflks)

Clioperla clio N K=*= 1 0 0 1

Taeniopterjx metequi N EJm; o 0 0 13

ORDER ODONATA (dragonflies) w. mm= ‘e mm!Mm-

Bqyeria vinosa . N ~w. _ ._ _ __

CaloDtenx dimidiata
N -z:==@ . ,.

.=.. ...... ,

IN

Hagenius brevistylus N —.— ,

. .

B-41



WSRC-TR–98-O0321

Appendm TabIe B-3. Macroinvertebrate Dam by Replicate

Clien& Westinghouse Savannah River Company
Stream: Steel Creek (Site 14)
County BarnwelI, SC
Collection Date: 5 Nov -8 Dec 1997

“ Site/# of Organisms
O. MEGALOPTERA @eUgrammitea) m Il%%&$xm-- d El!&z! !z%&Q-

Corydalus Cornutus L == “ 01 01 1 0 m~

- ORDER DIJ?TERA - (Orthoc!adtiae) !lzf!f m !l&%lBfkfB%f@lBBfI14FI!%fGlmml~fl

Brilliajlavifions L ]! 01 11 01
.—--------

0 E—”

Corynoneura
.

L ~

.Wdefferiella clari~ennis gp. . L k??zk~., -, -, -, -,--3 w:

Parakiefferiella
. . ..A—

IL

Paramefrkwuemus Iundbecki

kheocricotows robacki

Il%efetxiatxzucun.a m.

J.=
I L I_.=aq ., I I ,-.*.—-.—-....

B-42
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Appendi.xTabIeB-3. Macroinvertebrate Dat~ by Replicate

Clienti Westinghouse Savannah River Company
Stream: SteeI Creek (Site 14)
County BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

CLASS CRUSTACEA (crayfish, shrimp) =, Eij!%%qmxy$q e

ORDER LEPIDOPTERA (moths)

.
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Appendii Table B-3. Macroinvertebrate Data, by Replicate

CIient: Westinghouse Savannah River Company
Stream: Meyers Branch (Site 15)
County: BarnwelI, SC
Collection Date: 5 Nov -8 Dec 1997

ORDER PLECOPTERA (stonefliix) m&z!%3l1-
11 41 21 II 3lAllocamia

Clioperla clio

Pteronarcys

Taenioptew meteaw”

ORDER TRICHOPTERA (caddisflied m

Cheumatopsyche 1

Phylocentropus. L ;

Ptilostomis L !

Pycnopsyche sp. L ~

Triaeno&s L @$i$#

B-44



WSRC-TR-98-O0321

AppendixTabIeB-3. Macroinvertebrate Data, by Replicate

Client: Westinghouse Savannah River Company
Stream: Meyers Branch (Site 15)
County: Barnwell, SC
Collection Date 5 Nov -8 Dec 1997

Site /#of Organisms
ORDER COLEOPTERA

~

(beetles)

—..-. . . =. ..-. ........ 1

Macronychus glabratus LA .—, ——

h47crowlloeuus vusilhis A 1~~~1 . 01 01 01 ()1~~~ “—=o la

ORDER DD?TERA - (OrthocIadiinae)

lParametriocnemw luna%ecki IL, ~ 1~~$

Il?.heocricotozwsrobacki !Li

Thienemanniella xena gp.



.

WSRC-TR-98-O0321

AppendmTabIeB-3. Macroinvertebrate Dat~ by Replicate

Clienti Westinghouse Savannah River Company
Stream: Meyers Branch (Site 15)
County: BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

,
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Appendix Table B-3. Macroinvertebrate Dattq by Replicate

CIienfi Westinghouse Savannah River Company
Stream: Four Mile (Site 16) “
County: BarnweI~ SC
CoIIectionDate 5 Nov -8 Dec 1997

Site /#of Orfzanisms

ORDER PLECOPTERA (stonetlies)

Paraleuctra sara

Taenioptetyx metequi

ORDER TRWHOPTERA (caddisfIies)!.m m

Cernotina spicata L g

Chelimatopg.dle L &

H~opsyche venularis z

Oxvethira 1: =



WSRC-TR-98-O0321

AppendmTableB-3. Macroinvertebrate Da@ by Replicate

CIient: Westinghouse Savannah River Company
Stream: Four Mile (Site 16)
County Barnwe14 SC
Collection Date: 5 Nov -8 IOec 1997

Site /#of Organisms

“ORDER DIPTERA - (Tanypodinae) m m mll&%KqIl%?l&$ 5mIEia’4M&m ~ ~: -
Ablabesn@a /naIlochi L STm:l o 0 0 11- 0.2 m=

Conchapelopia L ELR:6 o 0 0 II 0.2 $&!!&=. ~

ORDER DIPTERA - (Orthocladihae) m m mm m;m mlH-
Corynoneura

——-
L 1 0 ~ ~

Cricotopus tremulus gp. L o 0 0
Hy&obaenus L

Orthacladius SD. L\ .
Orthackdius obumbratus L
Parakieffen”ella L

lParametn”ocnemus hmdbecki IL. P

it 01 11 01 ii
1 I ~

RF +

o
0

21 01Rheocricotopus robacki 1 L * t J t
i%ienemanniella xena gp. L l~=tii 01 o! 01 W2EaE%al]

PHYLUM MOLLUSCA (clams, snails %i%&.,____

. .. ...... .......... .. t 1 _ -.. I I

Ferrusia snail ““..<:01 Ii 01 01 0

Iphvse[[a heterostrodza Isnaill .,01 01 01 01
0,:.- ~z:
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AppendixTabIeB-4. Percent Composition by Major Taxonomic Group

Clienti Westinghouse Savannah River Company
Stream: Tires Branch (Site 1)
County Barnwell, SC
CoIIection Date: 5 Nov -8 Dec 1997
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AppendisTabIeB-4. Percent Composition by Major Taxonomic Group

CIienti WestinghouseSavannahRiver Company
Stream:Upper Three RunsCrbek(Site2)
Coun@ Aiken, SC
CollectionDate: 5 Nov -8 Dec 1997

AnneIida (worms) O.(E4 O.o% Lo% 0.0% 0.0%1 . 0.570
Mollusca (clamsj snails) O.0% 0.0?? 0.0?? 0.0% 0.0?? O.o%
Crustacea (crayfiih, shrimp) 0.0?? O.ovo 0.0% 0.0% 0.0% O.o%
Ephemeroptera 243% 222% . 4.0?? ~ 6.5% 0.0% 11A%
PIecoptera 16.2% 11.1% 18.2% 22.6% 50.o% 18.2%
Trichoptem 324% 28% 1.0?? 19.4% 0.0% 9.6%
Odonata 0.0% 0.0?? 0.0% 0.0% 0.0’?? 0.0%
Hemiptera 0.0% 0.0?? O.0% 0.0’?? 0.0% 0.0%
Cokoptera I 2.7% I 5.6%1 0.0% I 3.2%1 0.0% I 1.9%
Diptera (excLmidges) 0.0%I 5.6%I 0.0??I 0.0701 0.0%[ Lo%
Diptera (midges) I 2ft.3yol 52.8YoI 75.8%1 48.4%1 50.0??I “57.9??

.
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AppendixTableB-4. Percent Composition-by Major Taxonomic Group

Ciienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 3)
County: Alken, SC
Collection Date: 5 Nov -8 Dec 1997

AnneIida (worms) 0.0% 0.0% 0.0% O.(I’% 0.0%I - 0.0?? 0.0% O.o%
Mol[usca (clams, snaits) 0.0% 0.0?2 0.0% 0.0% O.()%I 0.0% O.o% O.0%
Crustacea (crayfiih, shrimp) 0.0?? O.ovo 0.0%
Ephemeroptera 20.0% 10.0% 22.2%
Plecoptera 50.0% 40.0?! 27.8%
Trichoptera 0.0?? 0.0% 0.0??
Odonata 0.0% 0.0% 0.0%
Hemiptera 0.0% 0.0% 0.0??
COIeontera 0.0% Io.ovo 5.6%
Diptera (excl. midges)
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AppendixTab1eB-4. Percent Composition by Major Taxonomic Group

Client Westinghouse Savannah River Company
Stream: Mill Creek (Site 4)
County: BarnweII, SC ‘
Collection Date: 5 Nov -8 Dec 1997

Mol[usca (clamsj snaik) 0.0% a

Crustacea (crayfish, shrimp) 0.0?? c
Ephemeroptera 65.0% 42.1% :
P1ecoptera 10.0?? 31.6V0 36.49
Trichoptera 100% c --’ ---

Odonata I 0.0% (
Hemiptera 0.0?? 6.U70 V.uio1 U.U/oI
CoIeoptera 0.0% 0.0% 0.0%I 6.3%1
Diptera (excl..midges) 0.0% O.0% o.09

O.(M . 0.0% 0.0%I 0.0%
M’?xai 0.0’?% 0.0’?? o.o% 0.0% 0.0?2 11.2%
D.(Y?4I ON% 0.0% 0.0’?? 0.0% 0.0% 15.7%

36.4% 75.0% 62.5%I 55.4% 56.2% 13.5%
% 12.5% 16.7V0 21.8% 2L4~o 6.7%

U.UYOI Y.Id% 6.3% 0.0?! 5.0% 5.1% 3.4%
D.o%l 4.5% 0.0% 0.0% Lo% 0.9?? 13.5%
n not I A ncw n fio~ 0.0% 0.0% 0.0% 0.0??

0.0?? 1.0?? 1.3% 2.2%
% 0.0?? I 0.0?? 0.0% 0.0% 6.7%

Diptera (midges) I 10.0??1 26.3YoI 9.1%! 0.0%1 16.7%I 12.9%I 12.4%1 X.6%11
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AppendisTabIeB-4. Percent Composition by Major Taxonomic Group

Client: Westinghouse Savannah River Company
Stream: McQueen Branch (Site 5)
County: Alken, SC
CoIIection Date: 5 Nov -8 Dec 1997

Annelida (worms) O.o% 0.0?? O.0% 0.0?? 0.0?? - 0.0?! I O.0% O.o%
Mollusca (clams, snails) 0.0?! 0.0?? 0.0% 0.0% O.()’%“ 0.0?!1 0.0% 2.()%
Crustacea (crayfIIh,shrimp) 0.0% O.o% 0.0?? 0.0?? 0.0% 0.0?% O.o% 1A)%
Ephemeroptera 64.370 69.2% 0.0% sT.lyo 81.8% 64.6% 54.5% 121%
Plecoptera 14.3% 7.7% 0.0?? O.ovo 9.1%0[ 8.3% 6.2°A . 1210%
Trichoptera , 7.1~0 7.7y. 33.3% 14.3% 9.1% 10.4% 14370 21,.2%
Odonata 0.0% 0.0% 0.0% 0.0?? 0.0% 0.0?? 0.0?? 15.270
Hemiptera 0.0% o.o% 0.0?? O.0% 0.0% O.o% O.o% 1.(M
Coleoptera 0.0% 0.0% 0.0% 0.0% 0.0?? 0.0?! 0.0?? 11.1%
Diptera (excLmidges) 0.0?! O.o% 0.0% 0.0% 0.0?! 0.0?? 0.0?? 5.l~o
Diptera (niidges) I 7.17. . 7.7% 66.7% 28.6% 0.0% 125% 220?? . lT.2%0
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Appendix TabIe B-4. Percent Composition by Major Taxonomic Group

CIienti Westinghouse Savannah River Company
Stream: Crouch Branch (Site 6)
County: Barnweu SC
Collection Datcx 5 Nov -8 Dec 1997

Annelida (worms) I 0.0% 0.0% 0.0?% O.0% 0.0% . O.0% 0.0% 0.0%
Mo[lusca (clams, snails) 0.0% 0.0’?? 0.0% 0.0’?? 0.0% 0.0?? 0.0% 0.0%0
Crastacea (Crayfish, shrimp) O.ovo 0.0% 0.0% o.o% O.0% 0.0?? “ 0.0% 60.0%
Ephemeroptera 0.0% 0.070 0.0?? 0.0?? 0.0% 0.0% 0.0% 0.0%
P[ecoptera 0.0% 0.0% 0.0% O.0% . 0.0?? 0.0’?? 0.0% 0.0?? .
Trichoptera O.()% 0.0% 0.0% 0.0% O.()% 0.0?? 0.0% o.o%
Odonata 100.0% O.0% 0.0% O.0% 20.0?? 25.0’?? 24.0% 0.0%
Hemiptera O.(E4 0.0% 0.0% 0.0?% 0.0% 0.0% 0.0% 0.0%
Co!eoptera 0.0?? 0.0% 0.0’?? 0.0% 0.0’?? 0.0?% 0.0% 0.0?3
Diptera (excl. midges) 0.0% 0.0% 0.0% 0.0% 0.0% O.o% 0.0% 20.0%

Diptera (midges) 0.0% O.0% 100.0% Ioo.o% 80.0?? 75.0% 56.0% 20.0%

.
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\
AppendirTableB4. Percent Composition by Major Taxonomic Group

Clienti Westinghouse Savannah River Company
Stream: Four Mile Branch (Site 7)
County Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

AITIWIIU?I fworms~ i V.u70 } W.u 70 j v.,

Mollusca (clams. snaiIs\ o’
------ ----

B-55

Crustacea (craytiih, shrimp) I 0.0?%1 0.0
17nh.m. . ..t.m nnw.1 no

i --. s:3- #-.-\ —-\ I nnlvl fimzl “o% 33.3% 0.0% . 20.0% 6.7% 0.0’??
WY’oI lUU.UXO U.(% 0.0?? 0.0?? 20.0% 20.0?! 3.1%

‘/0 0.0’?? 0.0% 0.0?? 0.0?! 0.0% 0.0%0
Upuw.utis“y-. e “.”O/O“.” , “ 0.0?! 0.0?? . 0.0% 0.0?? 0.0% 0.0%
Plecoptera 0.0% 0.0% O.0% o.o% 0.0% 0.0% 0.0?% 0.0??
Trichoptera 0.0?! O.o% 0.0?? 0.0?? 0.0% 0.0?? 0.0% 0.0%
Odonata O.(E’6 o.o% 0.0?? 0.0% O.0% O.(Y% 0.0?! 0.0??
Hemiptera 0.0% O.0% o.o% 0.0?? 0.0% 0.0% . O.o% 0.0?!
Coleoptera 0.0?? 0.070 0.0% o.o% 0.0% 0.0% 0.0?? 21.9’%
Diptera (excl. midges) . 0.0% O.o% 0.0% 0.0?? 100.0?! 20.o% 20.0% 15.6%

Diptera (midf-’ 0.0% . 0.0?? O.()% 66.7% 0.0?! 40.0% 13.3% 59.4%
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Appen&mTabIeBA. Percent Composition by Major Taxonomic Group

Clienti Westinghouse Savannah River Company
Stream: Four Mile Branch (Site 8)
Coun&. Barnwe14 SC “
Collection Date: 5 Nov -8 Dec 1997

lAnnelida (worms) I 20.096I 0.0%
l~m=am mmw= m- :

33.3% 0.0?% 0.0?? - 125% 10.7yo 0.0%
MoI1usca (clams snaik) 0.0??] O.o% 0.0% 0.0% O.0% 0.0% o.o% 13.3%
C!rustacea (crayfiih, shrimp) ! 0.0%I O.0% 0.0?? 0.0?? 0.0?! 0.0% “ O.o% ON%. . .

I O.o% 0.0% 0.0% O.0% ON’% O.o%t ‘- --~ 0.0% 0.0?? 6.3% 6.7% 0.0%
% 0.0?! 0.0?% O.o% O.o% 6.7%

) 0.0% 0.0?? Ioo.o% 6.3% 20.0?? 26.7%
‘h 0.0?? 0.0?! 0.0?? 0.0?? 0.0??
% 0.0’?? O.o% 12.57. 8.0% 6.7%

I 0.0?? 0.0% 0.0?% 0.0?? 0.0% 26.7%

K 100.0?/0 0.0’?! 625% 54.7% 13.3%
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AppendUTabIeB-4. Percent Composition by Major Tasonomic Group

CIienti Westinghouse Savannah River Company
Stream: Four Mile Branch (Site 9)
County BarnwelI, SC
Collection Date: 5 Nov -8 Dec 1997

10donata

3
o.o%
0.0%
0.0%
5.7% s0.0% 0.0%

0.0?? 0.0%
21% 1.6Y0
2.l% 25.8%

3.8YoI 5.5%1. 28??1 8.5%1 11,3%.1 3
0.0%
0.0%
23%
7.2%

6.2% a0.0?5% 4.6%
O.o% 0.0’?!
21V0 0.0%
7.3% 6.4%
6.4% 9.2%
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Appendix TabIe B4. Percent Composition by Major Taxonomic Group

C1ienfi Westinghouse Savannah River Company
Stream: Pen Branch (Site 10)
Coun@ Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

●

O.o% ON%I O.o% 0.070 1.9’%
68.4% 57.6YoI 62.5% 63.0?? 10.3%
15.8?? 9.IVOI 15.2% 17.3% 9.7%
O.o%l 0.0%1 0.0?+61 0.0?? I ~ 4.5%11

..
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AppendisTableB-4. Percent Composition by Major Taxonomic Group

Clienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 11)
County: Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

Annelida (worms) 0.0% 0.0?? O.0% 0.0?? 0.0% . 0.0?! 0.0?% 0.0%
Mollusca (c[atis, snails) 0.0’?? 0.0?! O.o% 1.5% 0.0?’ 0.7% 0.3% 6.3%
Crustacea (crayfiih, shrimp) ‘0.0?? 0.0% 3.8% 0.0% 0.0?? 0.7% 0.8% 21.3%
Ephemeroptera 78.6% 46.7% 69.2% 34.3% 30.0% 46.9% 51.8%0 10.0%
P1ecoptera 7.1% 20.(1% 19.2% 19.4% 40.0?! 19.7~o 21.270 7.5%
‘lMchoptera 0.0?% 3.3% 0.0?! 25.4% 0.0% 12.2% 5.7% 6.3%
Odonata 0.0% 0.0% 0.0% O.o% 0.0?? 0.0% O.o% 17.5%
Heminters M-PA O.(Y% O.(FA (-.(’W ()n?? (-)()?A () (w 1 qo~

Cokoptera

Diptera (excL midges)

●

, ---------- ----- ---------- r ---- - -.” ,- -... .“

14.3% 3.3% 3.8% 4.5% 0.0?? 4.8% 5.2% 5.(I%
0.0?? 0.0?? O.()-?4 O.0% 0.0% 0.0?% 0.0% 5.0%

0.0?? 26.7% 3.8% 14.9% 30.0% 15.0% 15.1% 17.5% ~

.
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AppendiiTabIeB-4. Percent Composition by Major Taxonomic Group

Clienfi Westinghouse Savannah River Company
Stream: Indian Grave Branch (Site 12)
County BarnweI1,SC
Collection Date 5 Nov -8 Dec 1997

.
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Appendix Table B-4. Percent Composition by Major Taxonomic Group

CIienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 13)
Coun@ BarnweII, SC
CoI1ectionDate: 5 Nov -8 Dec 1997

AnneIida (worms) 0.0?? 0.0?? 0.0% 0.0??I O.(Y%I . 0.0??1 O.(M 0.0%
Mollusca (clamsj snails) 0.0?! 20.0% 0.0% ‘ 0.0%! 0.0%I 2.3%1 4.0% 19.4%

tera O.(3?A 0.09
a 25.0% 20.09
ml 0.0% 0.09
era 0.0% 0.09

. Diptera (excLmidges) 0.0?! (
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AppendmTableB-4. Percent Composition by Major Taxonomic Group

Clienti Westinghouse Savannah River Company
Stream: Steel Creek (Site 14)
County Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

Annelida (worms) 0.0%I 0.0%1 0.0?!1 0.0%1 0.0?+6I . O.()% 0.0% OS)%
lMol[usca (clams, snails) I 0.0%1 10.0%1 0.(

PIecoptera 0.0%1 10.(
Trichoptera 0.0?? O.ovol 0.(
Odonata o.o% 0.0% 11.l% 0.0% 0.0%
Hemiptera 0.0?% 0.0% 0.0?! O.()% 0.0%
Coleoptera 0.0% 0.0% 0.0% 0.0% 0.0%[ 0.0%I 0.(
n;nfam {*YAmitluml () oo~ () oo~ () n% () oo~ 7 go~ I I KOAI n 4

)% 8.OVO

.
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AppendiiTabIeB-4. Percent Composition by Major Taxonomic Group

C1ienti Westinghouse Savannah River Company
Stream: Meyers Branch (Site 15)
County Barnwell, SC
CoIIection Date: 5 Nov -8 Dec 1997

Ephemeroptera 27.8% 16.7% ls.~
P1ecoptera 11.1% 25.0% 7:1Zol
‘llichoptera 5.6% 0.0% O.(

o% 0.0% 0.0’% 0.0%1 0.0% S.lyo

o% O.(I% O.()% O.o% 0.0?! 21.6%

4~0 12.5% 9.3% 14.2% 16.3% 18.6%
*/ 5A% 5.6% 9.3~0 1O.9-% 11.3%
,s)% O.o% S.6Y0 2.5% 2.2% 9.3~o

Odonata 0.0?? 0.0% 0.0% O.o% 0.0% 0.0% 0.0% 7.2%
Hemiptera OS)% O.o% 0.0?? 0.0?? 0.0% 0.0% O.0% 0.0%

, Coleoptera 0.0% O.0% 0.0?? O.0% 0.0% 0.0% 0.0% 5.2%
Diptera (excLmidges) . O.ovo 0.0% 3.8% 0.0% O.(FA 0.6% 0.8% 3.1%.

Diptera (mi .6% 72.8% 69.0?? 20.6Y.idges) I 55.6%1 54.2%1 73.1%1 82.5%1 79
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Appendix Table B-4. Percent Composition by Major Taxonomic Group

Clienti Westinghouse Savannah River Company
Stream: Four Miie (Site 16)
County Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

Annelida (worms) 0.0?? 0.0?3 0.0% O.o% 0.0% . ON% 0.070 0.0??
MoIIusca (clams, snaits) 11.8% 2.9% 0.0% 0.0% 0.0?! 1.9% 2.9% . 16.7%

Crustacea (crayfiih, shrimp) O.(T?A 1.4% 4.9% O.0% 0.0% 1.5% 1.3% 28.1%
Ephemeroptera 47.1% 33.3% 26.8?? 63.6% 19.3% 32.5% 38.0% 3.170

Pkcoptera O.()% 0.0% 0.0% 4.5% 0.0?? 0.5% 0.9% Lo%

Trichoptera 5.9% O.o% 0.0?? 4.5~0 5.3% 2.4% 3.l% 2.1%
Odonata 5.9% 0.0% o.o% 0.0% 0.0% 0.5% 1.2% 7.3%
Hemiptera 0.0% 0.0% O.o% O.o% 0.0% O.0% O.ovo 0.0??
Coleoptera 5.9% 0.0% 0.0% 0.0% 0.0’?? 0.5% 1.2% 0.0%
Diptera (excl. midges) 0.0?? O.fr?! 0.0% 0.0% 0.0% O.o% 0.0% O.o%

Diptera (midges) 23,5y. 62.3% 65.9% 27.3% 75.4% 59.7% 50.9% 40.6%
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Appendii TabIe B-5. Functional Feeding Group Analysis

CIienti Westinghouse Savannah River Company
Stream: Tires Branch (Site 1)
County: Barnwel~ SC
CoIIectionDate: 5 Nov -8 Dec 1997
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Appendix TabIe B-5. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 2)
County Aiken, SC
Collection Date: 5 Nov -8 Dec 1997

TABLE. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 2)
Comity: Aiken, SC
Collection Date: 5 Nov -8 Dec 1997

Analysis by Biomass

lmlmm

‘n

‘o ual

Collector - Gatherers 7.8%

Collector - Filterers 4.9%

Predators 54.3%

Scrapers 6.8%

!Shredders 26.2%
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Appendii Table B-5. FunctionalFeedingGroupAnaIysis ●

Client: Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 3)
County: Aiken, SC
ColIection Date: 5 Nov -8 Dec 1997
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AppendmTableB-5. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Mill Creek (Site 4)
County BarnweI1, SC
Collection Date: 5 Nov -8 Dec 1997

.
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AppendixTableB-5. Functional Feeding Group AnaIysis

C1ienti Westinghouse Savannah River Company
Stream: McQueen Branch (Site 5)
County Aiken, SC
ColIection Date: 5 Nov -8 Dec 1997

Analvsis bv Number of Or~anisms

. . ... . .. . -- —-. --- .-. c .- ------ .

Col[ector- FMerers O.0% O.()’% “ 0.0%1
Predators 7.1~0 15.4~o n (VAI
Scrapers 32.1% 34.6%

. .



Appendii Table B-5. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Crouch Branch (Site 6)
Coun@ BarnweIJ SC
CoIIection Date: 5 Nov -8 Dec 1997

wSRC-TR-98-O0321

,

Analysis by Number of Organisms

Analysis by Biomass

l-ml-

Col[ector - Gatherers a.lYO

Colkctor - Filterers al%

Predators 100.0’??

Scrapers al%
Shredders 4.1%
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AppendixTableB-5. FunctionalFeedingGroupAnalysis

C1ieritiWestinghouse Savannah River Company
Stream: Four MiIe Branch (Site 7)
County BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

Analysis by Number of Organisms

.“

Ana[ysis by Biomass

mm=
.-

a

Collector- Gatherers I a.lvo
Collector - Fi[terers 4.1%
Predators I 100.0%
Scrapers I I 4).1%
Shredders I 1 4.1%
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Appendix Table B-5. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Four Mile Branch (Site 8)
County BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

WSRC-TR-98-O0321

.
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Appendii TabIe B-5. Functional Feeding Group AnaIysk

CIienti Westinghouse Savannah River Company
Stream: Four Mile Branch (Site 9)
Coun@ BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

Analysis by Number of Organisms

Col[ector - Gatherers 1“ 7.4%
Col[ector - Filterers 63.l%
Predators 15.9%
Scrapers 11.7%
Shredders 1.9?? “
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AppendiiTableB-5. Functional Feeding Group Analysis

Clienfi Westinghouse Savannah River Company
Stream: Pen Branch (Site 10)
County BarnweI1, SC
Collection Dat= 5 Nov -8 Dec 1997

Analysis by Biomass

!mm.wm,m!m,w-~

a.

CoIktor - Gatherers I sg~~.
CoIIector- 3Wterers 1.4%
Predators 14.6%

Scrapers 37.8%

Shredders 7.0% \
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AppendixTableB-5. Functional Feeding Group Analysis

Client: Westinghouse Savannah River Company
Stream: Pen Branch (Site 11) [

County BarnwelI, SC
CoIIection Date: 5 Nov -8 Dec 1997

Analvsis by Number of Oreanisms

.

.
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AppendmTabIeB-5. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Indian Grave Branch (Site 12)
County Barnwel~ SC
Collection Date 5 Nov -8 Dec 1997

Analysis by Biomass

Colktor - Gatherers 87.0%
Colkctor - FMerers 1.1%
Predators 2.6%
Scrapers I 9.3%
Shredders UI.lYO *

.
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AppendiiTableB-5. Functional Feeding Group AnaIysis

Client: Westinghouse Savannah River Company
Stream: Pen Branch (Site 13)
County BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

Analysis by Biomass .

Col[ector - Gatherers I 3.3%
Col[ector - Filterers 0.9??
Predators 93.0’??
Scrapers I 2.3%
Shredders 0.5% ‘ I

..
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AppendixTabIeB-5. Functiomd Feeding Group Analysis

CIienti Westinghouse Savannah River Company
Stream: Steel Creek (Site 14)
County Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

.
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AppendixTableB-S. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Meyers Branch (Site 15) /

County Barnwell, SC
Collection Date: 5 Nov -8 Dec 1997

Analysis by Number of Organisms



WSRC-TR-98-O0321

AppendixTab1eB-5. Functional Feeding Group Analysis

Clienti Westinghouse Savannah River Company
Stream: Four MiIe (Site 16)
County BarnweII, SC
Collection Date: 5 Nov -8 Dec 1997

.

B-80
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Appendix Table B-6. Summary of Biological Indices for Macroinvertebrate Data

Westinghouse Savannah River Company
Sitewide Study

5 Nov. -8 Dec 1997

UpperThreeRuns CreekSystem FourMile Branch System Pen BranchSystem SteelCr. System

Tires Mill McQ Crouch U3R U3R FMB FMB FMB FNfB Pen , Pen Ind. Gr. Pen Steel Meyers

Parameter Site 1 Site4 Site5 Site 6 Site 3 Site2 Site7 Site 8. Site 9 Site 16 Site 10 Site 11 Site 12 Site 13 Site 14 Site 15

Total##ofSpecies fi;f’f$d-jl,’‘-
~,,!L li~ti 20 11 “5 27 37 5 11 26 29 10 21 23 “.22 17 18,

MeanSpeciesper Replicate 3.4 4.0 2.2 1“0 5+4 7“4 1“0 2“2 5“2 5“8 2’0 4“2 4“6 4’4 3“4 3“6.

EPTIndex 3 9 5 0 15 16 0 1 9 7 7 7 4 3 4 6

Densi~ (organismshn2) 73.3 112 53.3 8.9 93.3 232 5,6 17.8 341 229 124 163 101 95.6 71.1 180

TotalBiomass(g) 1.0685 0.0518 0.0317 0.0006 0.2590 0.2582 0.0061 0.00540.12260.03150.05130.06540.07020.13560.04280.0221
BioticIndex 6.72 4.87 5.18 8.88 3.70 4.84 8,15 7.15 6.40 5.95 5.51 5.16 6,58 6.54 5,81 4.81
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Appendix TabIe B-6. Summary of Biological’Indices for Macroinvertebrate Data

Westinghouse Savannah River Company
Sitewide Study

5 Nov. -8 Dec 1997

UpperThreeRuns CreekSystem FourMileBranchSystem Pen BranchSystem SteelCr. System

Tires Mill McQ Crouch U3R U3R FMB Fhf13 FMB FMB Pen Pen Ind. Gr. Pen Steel Meyers

Parameter Site 1 Site4 Site 5 Site 6 Site3 Site2 Site7 Site 8 Site 9 Site 16 Site 10 Site 11 Site 12 Site 13 Site 14 Site 15

Total#of Species(Qualitative) w;MiT/~:6J 39 33 3 41 61 15 11 20 27 34 34 25 30 33 40

Total#of Species(Qual.& Quant.) 41 50 38 8 51 81 18 19 36 41 38 44 ~ 38 45 41 47

EPT Index 3 “9 12 0 18 20 0 1 6 6 9 7 7 7 6 17

BioticIndex 6.37 5.62 5.39 7.60 4.76 4.45 7.47 6.63 6.56 5,95 6.10 6.07 7.05 6.82 6.77 5.68

W
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AppendiiTab1eB-7. Biologic~ Parameter Results and Water Quality Ratings

Clienfi Westinghouse Savannah River Company
Stream: Tires Branch (Site 1)
Counfy: Barnwcll, SC
Colkction Date: 5 Nov -8 Dec 1997

B-83
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AppendixTab1eB7. Biological Parameter Results and Water Qual@ Ratings

Clicnfi Westinghouse Savannah River Company
Stream: Upper Three Runs Creek (Site 2)
County: Alken, SC
Collection Date: 5 Nov -8 Dee 1997

B-84
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Appendii Table B-7. Biological Parameter Results and Water QuaMyRatings

CIienh Westinghouse Savannah RWer Company
Stream: Upper Three Runs Creek (Site3)
Coun@. Aiken, SC
CoIIectionDate: 5 Nov -8 Dcc 1997
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AppendixTableB-7. Biological Parameter Results and Water Quality Ratings

Clienfi Westinghouse Savannah I@cr Company
Stream: MIII Creek (Site 4)
County Bamwel~ SC
Colkction Date: 5 Nov -8 Dec 1997

LTaxa Kichncss I 37

~Oti NumbcrofOcgsnkmsI site) 2: 1; 4 1; 2; 1: 20; 89 1;
2.EFTIndex 5.0 3.0 3.0 4.0 4.0 NA 3.8 9.0 NA
13.EFT/”C2airooomidMO 8.5 28 9.0 NA 4.75 NA 5.0 Lo NA

14.SaaPa/ FiltcrcrRsdo NA ERR NA NA NA NA ERR 233 NA
5.~lOtiCIndex 4.71 5.06 4.05 5.05 5.50 NA 4.87 5.62 NA
6.% DominantTaxon . 55% 42% 36% 75Y* 5s36 NA 53% 12?? NA
7.SImddalTotal # of Or@kns MO 0.15 0.39 036 0.13 0.17 NA 0.24 .0.24 NA
8.Density(oqy&os/m2) 105.56 12232 88.89 13333?&w!#2q 112.22XwV&waq NA
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AppendixTableB-7. Biological Parameter Results and Water Quality Ratings

Clien& Westinghouse Savannah River Company
.$tream: McQueen Branch (Site 5)
County A[ken, SC
Collection Date: 5 Nov -8 Dec 1997

3.0 3.0 Lo 2.0 3.0 NA 24 120 “ NA,

12.0 11.0 05 2.5 NA Nh 52 2.6 NA

.tio NA NA NA 2.00 NA NA 0.40 1.08 NA

fCIndex 5.39 5.58 390 5.64 5.39 M 5.18 5.39 NA

In 64% 69% 67?? 57% 82% NA 68?? 11% NA

L TaxaRiCtUKSS

(ToM Numbczof OrganismI Site) I 141 13 I 31 71 Ill 48 I 9.61 991 1471

2. EPT Index
3. EPT/Chimnomid Ratio
4. scraper/ FiltcnxRal
5. Bioti
6. Y.Dom”nantTaxoI
7. Shmdda/Totat # of 0- ktiO I 0.181 “ 0.00I 0.00I 0.00I 0.09I NAl 0.051 0311 NA
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AppendixTabIeB-7. BioIogicaI Parameter Results and Water QuaNy Ratings

Clienti Westinghouse Savannah River Company
Stream: Crouch Branch (Site 6)
County BarnweII, SC
Collection Date: 5 Nov -8 Dee 1997

1.Taxa~ChCSS 1 0 1 1 3 5 . 1 3 8

(TotalNumberof OrganismI Site) 1 0 1 1 5 8 1.6 5 13

Zmhldcx 0.0 0.0 0.0 0.0 0.0 NA 0.0 0.0 NA

3.EPT/ChimnomidRatio 0.0 0.0 0.0 0 0 NA 0.0 0.0 NA

4.scmpcr/Fika’a Rntio NA 0.00 NA NA NA NA 0.00 24A NA

5.BioticIndex 9.00 10.00 8.70 8.50 8.18 NA 8.88 7.60 NA

6.% DominantTaxon 100% 100% 100% 100?? 6(E4 NA 92% do% NA

7.Shrdder/TotaI#ofOq@nns Ratio 0.00 0.00 0.00 0.501 0.50 NA 0.20 0.60 NA

8.Dens@(OW “dnq 0.00 5.56 536[ 27.78k!E$&839J 8.89W%wi?@# NA

B88



WSRC-TR-98-00321

Appendix TabIe B-7. BioIogicaI Parameter ResuIts and Water QuaMy Ratings I

Clienh Westinghouse Savannah River Company
Stream: Four Mile Branch (Site 7)
County BarnweIl, SC
Collection Date: 5 Nov -8 Dec 1997

.
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Appendix Table B-7. Biological Parameter Results and Water QuaMy Ratings

C1ienti Westinghouse Savannah R[ver Company
Stream: Four MI1e Branch (Site8)
County: BarnweIl, SC
Collection Date: 5 Nov -8 Dec 1997

l. TaxaRiclmcss 5 2 3 3 1 11 22 11 19
(ToM Numberof Organku I site) 5 2 3 5 1 16 3.2 15 31

2. EPTIndcx 0.0 0.0 1.0 0.0 0.0 NA 0.2 1.0 NA

3.EFT/Chimnomid Ratio 0.0 0.0 1.0 0 0 NA 0.2 0.5 NA

4. SaaWIFitknxRatio .NA 0.00 0.00 0.00 NA .NA 0.00 200 NA

5. Bioticfndcx 7.96 5.85 6.50 7.12 830 NA 7.15 6.63 NA
6. y. DominantTaxon 20?? 50% 33% 60% 100?? “ NA 53% 27% NA
7. Shraida/ Total#of Onynkns Ratio 0.10 0.25 0.33 0.00 0.00 0.14 033 NA

8. Dcnsily(Or@iSM5/lI@ %%i@2a 11.11 16.67 27.78 5.56 aE&i% 17.78 H#Nm?#& NA
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AppendixTabIeB-7. Biological Parameter Results and Water QuaNy Ratings

Clicnti Westinghouse Savannah Rhwr Company
Stream: Four MIIe Branch (Site 9)
CountyBarnweIl, SC
CoIIectionDate:SNov -8Dec1997

.
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AppenduTableB-7. Biological Parameter Results and Water QuaMy Ratings

Clienti Westinghouse Savannah River Company
Stream: Pen Branch (Site 10)
County BamwelI, SC
Collection Date: 5 Nov -8 Dec 1997

.
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AppendisTableB-7. Biological Parameter Results and Water QuaMy Ratings

Clien~ Westinghouse Savannah River Company
Stream: Pen Branch (Site 11)
Coun@ BamwclL SC
Collection Date: 5 Nov-8 Dec 1997
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AppendixTabIeB-7. Biological Parameter Results and Water Quality Ratings

Clienti Westinghouse Savannah River Company
Stream: Indian Grave Branch (Site 12)
Court@ Bamwelf, SC
Collection Date: 5 Nov -8 Dec 1997

.. .— . ..”...- . . I I T .“

(ToM Numberof OrgsnimuI Site) 15 “-
. .

9 39 16 -12 91 18.2 78 169
2. EPTIndex 1.0 0.0 20 2.0 20 NA 1.4 7.0 M

- 3. EPT/ ChimnomidRstio 0.8 0.0 05 0.S6 2 NA 0.8 0.9 NA
4. Saspal FiltauRatio NA NA 630 200 350 NA 240 0.94 NA
5. BioticIndex 6.54 6.81 634 6.67 652 NA 658 7.05 NA
6. YeDomioantTa%on 33*L S(M 31% 38% 58% NA 48?! 49% NA
7. Sb.reddal TotsI# of Orgmkms Rstio 0.22 0.40 0.19 0.22 0.13 NA 0.23 0.31 NA
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AppendixTabIeB-7. Biological Parameter ResuIts and Water QuaMy Ratings

C[ienk Westinghouse Savannah Khwr Company
Stream: Pen Branch (Site 13)
County BarnwelI, SC
Collection Date: 5 Nov -8 Dec 1997

b
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AppendiiTableB-7. Biological Parameter Results and Water Qual@ Ratings

Clienti Westinghouse Savannah River Company
Stream: Steel Creek (Site 14)
County Bamwell, SC
Collection Date: 5 Nov -8 Dec 1997

.
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Appendi.xTableB-7. BiologicalParameterResuItsandWater Qufllty Ratings

Clienh Westinghouse Savannah River Company
Stream: Meyers Branch (Site 15)
Counfy Barnwcll, SC
Collection Date: 5 Nov -8 Dec 1997

. B97
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AppendirTabIeB-7. Biological Parameter Results and Water QuaMy Ratings

Clien~ Westinghouse Savannah Rker Company
Stream: Four Mile (Site 16)
Coun&. Bamwell, SC
Collection Date: 5 Nov -8 Dec 1997

B98



WSRC-TR-98-O0321

. .

APPENDIX C

FISH ASSEMBLAGE DATA

c-l



WSRC-TR-98-O0321

Summary of fish assemblage data from Four Mile Creek near Rd. 4

Redicate
Species A ‘B c Totals

American eel
banded pygmy sunfish
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish

striped bass

tadpole madtom

tesselated darter

warmouth

yellow bullhead

yellow perch
yellowfin shiner.,

Anguilla rostrata
Elassoma zonatum
Percina nigrofasciata . .

Lepomis macrochirus
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auritus
Esox americanus
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus 1 1
Morone saxatilis
Noturus gyrinus 1 1
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis 2 1 3
Perca flavescens

1
2

7 2
1
3
1

4
3

9.
5
4
1

Notropis Iutipinnis 2 2

c-2
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Summary of fish assemblage data from Four Mile Creek near Rd. C

Replicate
SQecies A B Totals
American eel Anguilla rostrata
banded pygmy sunfish Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub -
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish

, striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch

:t. yellowfin shiner

Percina nigrofasciata
Lepomis macrochirus
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox.niger
Notropis petersoni
Notropis atromaculatus
Erimyzon ,
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auritus
Esox arnericanus
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus leptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis .
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis
Perca flavescens
Notropis Iutipinnis

1,

4 11

1“ 1
5

3

1

.1 4
3

3 3

1 2

1

2 3

19 30

1 .-

15
..

2
5

3

5
3
6

3

1

5

49

c-2
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Summary of fish assemblage data from Four Mile Creek near Rd. A.7

Replicate
Species A B ~. Totals

American eel Anguilla rostrata 2 2

banded pygmy sunfis Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner

1 35 37
3

Percina nigrofasciata 1 4 5-

Lepomis macrochirus

Nocomis Ieptocephalus 5 1 6
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae 1
Ameiurus platycephalus 3
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insigni~
Gambusia affinis
Aphredoderus sayanus 1 5
Lepomis auritus 5
Esox americanus 3
Pteronotropis hypselopterus 5
Etheostoma fricksium
Noturus leptacanthus
Notropis hudsonius
Minytrema melanops 4
Lepomis punctatus 5 10
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi 16
Lepomis gulosus
Ameiurus natalis 2 2
Perca flavescens

3
4

4
1

3

1
1
3
5

4

13

Notropis Iutipinnis 12 29 25 66

c-3
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Summary of fish assemblage data from Steel Creek near Rd. B

Replicate
Species .A B c Totals

American eel Anguilla rostrata
. .

banded pygmy sunfis
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner

flat bullhead
golden shiner
Iargemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfln pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner

Elassoma zonatum
Percina nigrofasciata . .

Lepomis macrochirus
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
!%imyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus 8 10
Notemigonus crysoleucas
Micropterus salmoides 1 1
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis 1
Aphredoderus sayanus 6
Lepomis auritus 3
Esox americanus ,.

Pteronotropis hypselopterus
Etheostoma fricksium
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis 1 1
Perca flavescens
Notropis Iutipinnis

3
3

5 18

4 22

1 3

5
4 14
2 12

4
3



WSRC-TR-98-O0321

Summary of fish assemblage data from Four Mile Creek near Rd. A

Replicate
SDecies A B c Totals
American eel
banded pygmy sunfish
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
mastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warrnouth
yellow bullhead
yellow perch

Anguilla rostrata

Elassoma zonatum

Percina nigrofasciata

Lepomis macrochirus

Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiums platycephalus
Notemigonus ctysoleucas
Micropterus salmoides
Funduius Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auritus
Esox americanus
Pteronotropis hypseloptetus
Etheostoma fricksium
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis
Perca flavescens

t yellowfin shiner Notropis lutipinnis
$1

6

2 6

1

1

1
1
1 2

1

1
10
2

1

3
1

1

5

1

14

1
2

4

2
4

3

15

2

3

3

1

14

1
3
1

1
3

4
1

8

-1-1

1

1

4

1

1

15
3

1

3
27
3

1
3

4
8

2
8
1
4

20

c-5
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Summary of fish assemblage data from Pen Branch near Rd. B

Replicate .
Species A B c Totals
American eel Anguilla rostrata
banded pygmy sunfi Elassoma zonatum
blackbanded darter Percina nigrofasciata 2 2 4 . .

bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner .
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner

4
1
2

1

1

4

2

2 1 7
1 2
2 1 5

Lepomis macrochirus
Nocomis Ieptoqephalus 1 2 2 5
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus lineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus 1 1 3
Lepomis auritus 3 4 8
Esox americanus 1 2 3
Pteronotropis hypselopterus
Etheostoma fricksium 1 1 2
Noturus leptacanthus 1 1
Notropis hudsonius
Minytrema melanops
Lepomis punctatus 3 4 11
Morone saxatilis
Noturus gyrinus 1 1
Etheostoma olmstedi 1’ 4 7
Lepomis gulosus
Ameiurus natalis 2 2
Perca flavescens
Notropis Iutipinnis 33 30 25 88
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Summary of fish assemblage data from Pen Branch near Rd. C

Replicate
Species A B c Totals
American eel Anguilla rostrata 1 1 1 3

banded pygmy sunfish Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
fiat bullhead
golden shiner
Iargemouth bass
lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfm shiner

3 13 14 30

3 1
3

4
3

Percina nigrofasciata . .

Lepomis macrochirus.
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus lineolatus
Lepisosteus osseus
Noturus insignis 1
Gambusia affinis
Aphredoderus sayanus 27
Lepomis auritus 6
Esox americanus 5
Pteronotropis hypselopterus
Etheostoma fricksium 1
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops 1 1
Lepomis punctatus 3 10
Morone saxatilis
Noturus gyrinus 1 1
Etheostoma olmstedi
Lepomis gulosus 2 2
Ameiurus natalis 2 3 5
Perca flavescens

1

15

4

3

7

4 8
2
2

1

Notropis Iutipinnis 26 26 38 90
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Summary of fish assemblage data from Mill Creek

Replicate
S~ecies A B c Totals

American eel Anguilla rostrata
banded pygmy sunfi Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tessellated darter
warmouth
yellow bullhead
yellow perch

Percina nigrofasciata ‘ 4 4 1 9“-
Lepomis macrochirus
Nocomis Ieptocephalus 10 9 5 24
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus c~soleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia aillnis
Aphredoderus sayanus
Lepomis auritus
Esox americanus
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus Ieptacanthus 3-3 2 8
Notropis hudsonius
Minytrema melanops 1 1
Lepomis punctatus 1 1
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi 1 1 2
Lepomis gulosus
Ameiurus natalis
Perca flavescens

1

,3
1
5

1 2

3 5 11
1.

z.

5 1 11

it yellowfinshiner Notropis Iutipinnis 50 88 68 206
$!
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Summary of fish assemblage data from McQueen’s Branch

Replicates
Species A B c Totals
American eel Anguilla rostrata 1 1
banded pygmy sunfis Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin

brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner

27 18

3

. .

7 52

1 8

Percina nigrofasciata
Lepomis macrochirus
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis 2
Gambusia affinis
Aphredoderus sayanus 1
Lepomis auritus
Esox americanus 1
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus 2
Etheostoma olmstedi 1
Lepomis gulosus
Ameiurus natalis 1 1
Perca flavescens

1

2

3

3

1

Notropis Iutipinnis 40 27 9 76
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WSRC-TR-98-O0321

Summary of fish assemblage data from Tim’s Branch

Replicates
Species A .B c Totals
American eel Anguilla rostrata “
banded pygmy sunfis Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner ,
spotted sucker

spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch

8

6
6
‘1

. .Percina nigrofasciata
Lepomis macrochirus
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon 3
Lepomis marginatus 3
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas 8
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auritus
Esox americanus
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus leptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus 2 1“ 3
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus 1 1 1 3
Ameiurus natalis 12 9 20 41 -
Perca fiavescens

7 5 20
1 1

3 3
8 13 24
3 1 7

30 60 98

1 1 2
10 15 31
19 27 52
1 3.5

;
1 yellowfin shiner Notropis Iutipinnis 15 11 23 49
\
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WSRC-TR-98-00321

Summary of fish assemblage data from Pen Branch near Rd. A

Replicates
Species A B c Totals
American eel Anguilla rostrata 2 1 3
banded pygmy sunfi Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled ‘madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner

2

44

i

38
1

1
16

3
1

98
1

Percina nigrofasciata 2 3 3 8 . .

Lepomis macrochirus

Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis 3
Aphredoderus sayanus 3
Lepomis auritus 1
Esox americanus 2
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus leptacanthus 1
Notropis hudsonius 5
Minytrema melanops 4
Lepomis punctatus 9
Morone saxatiiis
Noturus gyrinus 1
Etheostoma olmstedi
Lepomis gulosus
Ameiwws natalis
Perca flavescens

1

1

2

1
8
10
2

4

2 3

4
1

1
5

4
4
1

4

4
1
3
5
6
4

2
17
18
12

1
8

Notropis Iutipinnis 21 4 25
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WSRC-TR-98-O0321

Summary of fish assemblage data from Indian Grave Branch

Replicates
Species A B c Totals
American eel Anguilla rostrata 1 1
banded pygmy sunfi Elassoma zonatum
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker

- dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottai[ shiner
spotted sucker

spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner

Percina nigrofasciata
Lepomis macrochirus
Nocomis leptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auritus
Esox americanus
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis
Perca flavescens

16 42

1

1

2
13 7
1 6

2

1
2 4
6 4

1
2 4

26

3

11
24
1

1
10
8

9

84”-

4

1
2
31
31
1
2

2
16
18
1
15

1 5 6
3 6 4 13
7 4 3 14
3 2 6 11. .

1 1

Notropis Iutipinnis 8 18 96 122

.
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Summary of fish assemblage data from Meyer’s Branch

Replicates
Species A B c Totals

American eel Anguilla rostrata .1 1

banded pygmy sun Elassoma zonatum
blackbanded darte
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner

Iargemouth bass

lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch

2“7
3 4

1 10
8 15

Percina nigrofasciata 1 1 2 . .

Lepomis macrochirus
Nocomis Ieptocephalus 7 9 7 , 23
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus . .“ 4
Lepomis auritus
Esox americanus 2 2
Pteronotropis hypselopterus
Etheostoma fricksium 1
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis
Perca flavescens

2

1

1

2 4

2 4

4

1

1

10

yellowfin shiner Notropis lutipinnis 53 72 30 155
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WSRC-TR-98-O0321

Summary of fish assemblage data from Crouch Branch

Replicates
Species A B c Totals

American eel Anguilla rostrata
banded pygmy sunfish Elassoma zonatum 1 -1

blackbanded darter
bluegiH
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
largemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotled sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch

;t yellowfin shiner

2 11

Percina “nigrofasciata . .

Lepomis macrochirus
Nocomis Ieptocephalus 1 1
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus 5 4
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auritus
Esox americanus
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis
Perca flavescens
Notro~is luti~innis 2 3 5
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WSRC-TR-98-O0321

Summary of fish assemblage data from Upper Three Runs near Rd. A.2

Redicates
Species A B’ c Totals
American eel Anguilla rostrata 7 2 9
banded pygmy sunfish
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
longnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner Notropis Iutipinnis

Elassoma zonatum
Percina nigrofasciata
Lepomis macrochirus
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus
esox niger
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae
Ameiurus platycephalus
Notemigonus crysoleucas
Micropterus salmoides
Fundulus Iineolatus
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auntus
Esox americanus
Pteronotropis hypselopterus
Etheostoma fricksium
Notums Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis
Perca flavescens

1

5

8

2

1
4
1

1
3

6
1

7

1

1

2
6

1
2
1

3

4

1

11

6

5
7

2
4
4

15
1

4

1

.1-

17
1
6

7
21

2

4
10
6

1
21

7
5

12

1
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Summary of fish assemblage data from Upper Three Runs Tyler Bridge

WSRC-TR-98-O0321

Replicates
St3ecies A B c Totals
American eel
banded pygmy sunfish
blackbanded darter
bluegill
bluehead chub
bowfin
brook silverside
chain pickerel
coastal shiner
creek chub
creek chubsucker
dollar sunfish
dusky shiner
flat bullhead
golden shiner
Iargemouth bass
lined topminnow
Iongnose gar
margined madtom
mosquitofish
pirate perch
redbreast sunfish
redfin pickerel
sailfin shiner
Savannah darter
speckled madtom
spottail shiner
spotted sucker
spotted sunfish
striped bass
tadpole madtom
tesselated darter
warmouth
yellow bullhead
yellow perch
yellowfin shiner Notropis lutipinnis 12 16 28

Anguilla rostrata 3 1 4
Elassoma zonatum
Percina nigrofasciata 1 1. .

Lepomis macrochirus 1 1 2
Nocomis Ieptocephalus
amia calva
Labidesthes sicculus 1 1
esox niger 1
Notropis petersoni
Notropis atromaculatus
Erimyzon
Lepomis marginatus
Notropis cummingsae 31 4
Ameiurus platycephalus
No~emigonus crysoleucas
Micropterus salmoides 1 2
Fundulus Iineolatus 1
Lepisosteus osseus
Noturus insignis
Gambusia affinis
Aphredoderus sayanus
Lepomis auritus 1
Esox americanus
Pteronotropis hypselopterus
Etheostoma fricksium
Noturus Ieptacanthus
Notropis hudsonius
Minytrema melanops
Lepomis punctatus
Morone saxatilis
Noturus gyrinus
Etheostoma olmstedi
Lepomis gulosus
Ameiurus natalis
Perca flavescens 1 1

5

6

14 49

3
1

1

1 ,

25 31

1 6

I
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