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HALKARD E. MACKEY, JR. A Prelimiﬁary Assessment of the
Aquatic Impacts of a Proposed Defense Waste
Processing-Facility at the-Savannah River Plant
A review of the literature indicates that a

significant body of descriptive information exists concern-

ing the aquatic ecology of Uppér Three Runs Creek and Four

Mile Creek of the Savannah River Plant south of Aiken,

South Carolina. This information is adequate. for prepara-

tion of an eﬁvironmental document evaluating these streams.

These streams will be impacted by construction'and'operation

of a pfdposgd Defense Waste Processing Facility for solidi-

figation‘of high level defense waste. Potential impacts
inclﬁééﬁ}(l) construction runoff, erosion, and siltation,

(2) effluents from a chemicalland‘industrial waste treatment

facility, and (3) radionuclide releases. In order to better

evaluate pofential impacts, recommend mitigation methods,
and comply with NEPA requirements, additional quanti-

tative biological information should be obtained through

implementation of an aquatic baseline program.

»
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PREFACE

The following Technical Report was written as the result
of tenure as a Faculty Research Participant at the Savannah
River Laboratory-during the summer of .1979. Assignments
during that tenure consisted of contributions to various
chapters of the draft environmental document for a Defense
Waste Processing Facility (DWPF) proposed for construction
at the Savannah River Plant, Aiken, South Carolina. Signifi;
cant contributions were made to the Aquatic Ecology Section
2.7.2. Iﬁformation included in this section describes the
surface drainage, frior biological investigations, producer
organigms, consumer organisms, rare and eﬁdangered biota,
and existing streéses on ﬁhe streams affected by construction
and gpepation of the DWPF. Déscriptive information was also
deveioped on potenfial impacts to Upper Three Runs Creek
and Four Mile Creek by the DWPF project. Recommendations for

furture aquatic monitoring programs were made.
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CHAPTER 1; INTRODUCTION
PURPOSE

The principal purpose of thig report was to‘assess the
availability of information on the aquatic ecology of streams
potentially impacted by a Defense Waste Processing Facility
(DWPF) propoéed férmzﬁéTSavannah River Plant (SRP) south of
Aiken, South Carolina.- This information, 1f adequate, was to
be used to prepare Section 2.7.2, Aquatic Ecology, of the
_environmental document  for this facility. The draft of
Section 2.7.2 is enclosed as the Appendix ﬁo this report.
Needs for additional information on the aquatic ecology were
to be identified. Secondarily, descriptions of potential
aquatic impacts from the DWPF were to be developed, a preli-
minary eétimate of these impacts made, and a monitofing program
suggested. -

‘BACKGROUND INFORMATION
ON SRP AND THE DWPF

Since 1953, the Savammah River Plant (SRP) has been
produciﬁg special nucléar materials, primarily plutonium and
tritium, for defense purposes. The SRP facilities were con-
structed and operated by DuPont Company initially for the
Atomic Eﬁergy Commission (AEC) and now”fof'the Department
of Energy (DOE)l. The SRP site occupies an area of about 300

square miles along the Savannah River, about 25 miles downstream
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from Augusta, Georgia. SRP. includes a nﬁclear fuel fabrication
plant, three operating production reactors, two fuel reprécessing
plants (F and H Areas), a facility for production of heavy water,
and waste tank storage facilities (Figure 2.7.2.1-1).

Since shortly after operations began, ;;";cidic; highly
radioactive liquid waste has been generated during the chemical -
processing of fuels and targets after irradiation in the SRP
nuclear reactors. This acidic waste is made alkaline and is stored in
large underground tanks of approximately 1 million gallons each.

An insoluble precipitate, consisting primarily of aluminum énd-

iron hydroxides and containing most of the radioactivity, settles

to the bottom of the tanks as a sludge. The supernate, consisting
primarily of sodiuﬁ nitrate, sodium nitrite, sodium .aluminate,

sodium hydroxide, sodium carbonate, sodium sulfate and containing
some solub%e‘radioiéotopes such as cesium and ruthenium, is
remoVeQ;and concentrated4by evaporation. The supernate is concen-
trated to a dissolvea salt concentration of approiimateiy 48 percent
by weight and then returned to the waste tanks. The concentrated
solution solidifies to a damp salt cake upon cooling. Thus the inven-
tory of high activity ﬁaste at the Savannah River Plant consists of a
sludge fraction, a salt fraction, and unevaporated liquid. The
chemical composition of the waste varies due to the type of

material irradiated and the specific chemical procesé used for
recovery. The radioactivity level of the waste varies because

of the type of fuél or tafget irradiated and-elapsed time siﬁce

irradiation (ERDA, 1977).
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Five different designs‘bf waste teéﬁs~are presently in use.
By 1987, it is planned to have all ofAthe radioactive waste stored
in Type III and IIIA tanks which have double steel walls and are
enclosed in an outer concrete tank. Older tanks will be chemicaily_
cleaned and retired from service. Approximately 22 million gallons

of wastes are currently.in storage in waste tanks (ERDA, 1977).

Planning for disposition of SRP wastes was begun as early'as
1959, and in 1971, the Division of Waste Management and Transpor-
‘tation was formed in the AEC to plan for the long-term menagement
of defense waste nationwide. 'One plan considered for SRP was
storage of waste as a liquid in a deep-mined cavern under the SRP
site. In 1972 that option was deferred in favor of an investiga-
tion of the conversion of SRP waste to a solid form (Bradley and

Corey, 1976)”

In .an, 1n1tlal evaluation of solldlflcatlon various forms
and processes for handling hlgh level wastes were evaluated with
emphasis on the applicability of these waste forms and processes
to SRP wastes. This evaluation showed that the presence of
soluble salts, such as NaNO3 and Na2C03 presented difficulties if
these salts had to be incorporated into a high-integrity form
such as glass or concrete. Processes for segregating the soluble
salts from the radiopgelides were suggested based upoﬁ physical
separation of insoiuble sludge shd supernate via centrifugation
and filtration and separation of.soluble radionuclides in the
supernate (principally Cs-137) by ion exchange. Subsequent

studies demonstrated that separation was feasible and that
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concrete was an acceptable waste form;_bﬁt-that glass had
higher integrity. Glass had greater leach resistance.in‘water
and did not off gas when heated. SRL also made an overall
evaluation of the costs and risks of various options for long-
term management of SRP wastes. This‘evaluatiqn included options
such as onsite bedrock storage and continued tank storage, as -
well as solidification (DOE, 1978a).
In 1977 a reference solidification-pléh'was:selgcted for further
development. AThis plan involved (1) incorporation of radio-
nuclides into glass and shipment to a Federal repository, (2)
return of decontaminated supernate as a damp salt cake to onsite
bulk storage in tanks, and (3) processing of all wastes more
than five years ola.
Construction of the Defense Waste Processing Facility is
proposed to carry ouf this process. The DWPF will be located
at a'n§y3;ite (200-S Area) on the SRP site in proximity to the
F and H Areas. The waste processing facility is désignéd for
an instantaneous rate of 12 gpm. The aged waste will be
separated into two fractions, a superiale Fraction and a sludge-
élurry fraction, for féed'to the DWPF. The supernate fraction
is composed of aged decanted supernate and redissolved salt cake.
The sludge-slurry fraction is a water slurry of sludge whose
volume is twice that of the original in-tank settled.sludgg
volume. The.process is designed to reduce the cesium, strontium,

and plutonium content of the supernate to levels as low as.is'



reasonably achievable. The radioactiVe borosilicate glass,
contéining greater than 99 percent of the radiocactivity, will

be contained in a (2-ft diameter, 10-ft long) steel canister
which will be encapsulated in a steel overpack. One hundred

"and sixty-five gallons:of glass will be loaded into each

- canister. The glass form will be shipped to a Federal repository
following temporary onsite storage. Decontaminated clarified
supernate will be dewatered in existing interim waste management
facilities and stored as a damp cake in new or existing Type III

and ITITA underground storage tanks.

The DWPF is projected to be completed in December, 1987.
Site specific studies, including the continuation and completion
of soils investigations and seismic survey work and preparation
of a Safety Analysis Report, are to be completed in early 1980,
These’éfﬁéies also include geologic investigation, groundwater
and surface water hydrology, vibratory ground'motion, faulting,
and quality assurance assessment. Process devéiopment is
proceeding. Project authoriéation is.planned for fiscal year

1982 with construction startup shortly thereafter.
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CHAPTER 2. . AQUATIC ASSESSMENT
NEED FOR THE ENVIRONMENTAL DOCUMENT

The National Environmental Policy Act of 1969 (NEPA) re-
quires that all Federal agencies include in every recommenda-
tion or report onvproposals for legislation<and other major |
Federal acﬁions‘sigﬁificantly affecting the quality of the human
environment, a statement of the environmental impact of that pro-
posed action. Section 2.7.2, Aqﬁatic‘Ecology, was thus prepared
to document baseline aquatic ecological data for the DWPF site,
and provide the basis for evaluating the potential environmental.
impacts of the proposed facility.

Licensing of a Department of Energy (DCE) high level waste

processing facility is not required. No specific regulatory do-

cument exists for preparation of environmental assessments for a

fac111ty such as the DWPF Thus Judoments for preparation of
Sectlon 2 7.2 of the environmental document were based. upon
generally recognized requirements for other types of facilities

within the nuclear industry. Information needed for Section

2 2.7.2 of the environmental document was therefore evaluated

against this generally perceived regulatory framework. Guidelines
for preparation of Section 2.7.2 of the environmental document

were drawn from the following:

o NRC, Regulatory Guide 4.2, Revision 2, Preparation of
'~ Environmental Reports for Nuclear Power Stations.
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O NRC, Regulatory Guide 4.9, ‘Revision. 1, Preparation of
Environmental Reports for Commerc1a1 Uranium

Enrichment Facilities.

O NRC, Regulatory Guide 4.11, Terrestrial Environmental
Studies for Nuclear Power Stations.

0 CEQ, Regulations for Implementing the Procedural Provisions
of the National Environmental Policy Act, 1978.

O DOI, A Systems Approach‘to Ecological Baseline Studies,
FWS/OBS—lBJZl States et al., 1978.

Center, by the Exxon Corporation was also used as a model for
preparation and evaluation of materials for various sections of
the environmental document, - including Section 2.7.2, Aquatic
Ecology. However, the data treatment has been adapted4to reflect
the differences between the subjecté of these guides and the

DWPF with respect to lts unique purpose and processes and its

mechanisms for environmental. impact.
AVATLABILITY OF AQUATIC INFORMATION

Section 2.7.2, Aquatic Ecology, is included as an appendix
to this report. It is a summary of the physical, chemical, and
biological information on tlivse streams most likely to be impacted
by construction aod operation of the DWPF. These streams include
Upper Three Runs Creek and Four Mile Creek and their tributaries.

Although no one document exists which describes the aquatic
baseline information availablevon_these two streams, numerous
research studles,-surveys, and monitoring programs have been

conducted on them, Table 2.7.2.2-2. These data once consolidated
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provide an excellent descriptive body of information for these

streams. In addition, these data are supplemented by Philadelphia

Academy of Natural Sciences surveys which began on the Savannah

River prior to operation of the SRP and continue today, Table

2.7.2.2-1.

The primary sources of data for development of Section 2.7.2

are summarized in the following:

o

Baseline studies on the aquatic environment of the Savannah
River between river miles 123 and 162 weré initiated by the
Academy of Natural Sciences of Philadelphia (ANS) in 1951-
1952, and have been continued on an operational monitoring
basis to the present.

Diatometer studies were begun in 1953 by ANS as a means to
continously record possible changes in the river as reflected
by changes in the diatom community. Quarterly reports of
these studies are available from E. I. du Pont de Nemours

and Company. -

Numerous baseline surveys of aquatic and terrestrial biota
were conducted by biologists from the University of South
Carolina and the University of Georgia under contract to
the Atomic Energy Commission during the period 1951-1960.

Studies on thermally.stressed ecosystems, succession of
terrestrial systems, population dynamics and other ecological
problems have been performed by the Savannah River Ecology
Laboratory, established in 1961 and operated by the University
of Georgia. :

Detailed studies of water quality and stream transport of
materials have been conducted by the Environmental Transport
Division of the Savannah River Laboratory. These studies
were initiated in 1972. '

Upper Three Runs Creek became a National Hydrologic Bench-
Mark Stream in 1966 and data on physical and chemical
parameters are available since then.

The Savannah River Plant site was established as the first
National Environmental Research Park (NERP) in 1972 and
NERP baseline studies have been conducted since then on
very diverse groups of organisms. -
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O Routine sampling at several stream stations have been
performed on a quarterly to monthly basis since 1951 in
conjunction with monitoring radioactive releases by the
Environmental Monitoring Program of the Health Protection
Department of the Savannah River Plant. ‘

0 The Flowing Streams Laboratory established in 1972 by SRL
provides information for Upper Three Runs Creek.

O The Corps of Engineers has prepared environmental reports. -
on the Savannah River Basin. ‘

O Environmental reports have been prepared for the A. W.
Vogtle Nuclear Plant and the Barnwell Nuclear Fuel Plant.

O Information on the aquatic ecology of these streams is
also available in Section 3.4.13 of the Safety Analysis
Report for the DWPF. This information was developed by
D'Appolonia Consulting Engineers, Inc. (Murdock, 1980).
In this body of information.every major group of organism
is included. It should be noted that the biological information
is qualitative and descriptive in content and that very few -
quantitative studies have been done. The,thsical~and chemical
data are primarily availéble from the SRP and USGS monitoring
programs.
SUMMARY OF THE AQUATIC ECOLOGY
OF UPPER THREE RUNS CREEK AND FOUR MILE CREEK
Upper Three Runs Creek is a slightly dystrophic stream which
drains from the Aiken Plateau and crosses a series of terraces
before entering the Savannah River, Figure 2.7.2.1-1. The stream
is slightly acid and carries a relatively low load of suspended
and dissolved organics compared to.other streams.of the south-
eastern Atlantic Coastal Plain, Table 2.7.2.7-7. The water of

Upper Three Runs Creek is thus soft, clear, and usually low in
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nutrients. The temperature ranges from approximately 6 to 26
degfees Centigrade during the year. Effluents to Upper Three Runs
Creek are received through Tims Branch, downstream from the DWPF
site, Table 2.7.2.7-6. These effluents include process wastes,
process cooling water, and surface runoff. Surface runoff occurs
from F and H Areas also, Table 2.7.2.7-6. Upper Three Runs Creek has
never received cooling water discharges from the production
reactors of SRP. The water is thus of high quality; exceeding in
many cases even in its natural condition the National Interim
Primary Drinking Water Standards (EPA, 1976).

Biologically Upper Three Ruﬁs is also unique. Approximately
60 species of fish have been reported from Upper Three Runs Creek,
Table 2.7.2.4-2, many of which are characteristic of cool, first
and second order streams. Recent insect'surveys (see Sub-section
2.7.2.4 C. Macroinvertebrates) have shown that the insect community
consists of a rich variety of climbers, clingers, and sprawlers.
Species, more typical of noéthern and mountain streams, were found
to exist along with southern lowland species of insects. Algal
and macrophytic information, ‘although fragmentary (see Sub-section
2.7.2.3 Primary Producers), likewise indicates a diverse community.

Upper Three Runs Creek is thus an excellent example of the
once unpolluted, blackwater drainage systems typical of the smallef
Coastal Plain waterways of the southeastern United States. Its
status as a relatively undistrubed stream enhances its value as a
research site and comparison stream for other streams on the SRP

site.
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Four Mile Creek lies'enfirely.within the'SRP site, Figure
2.7.2.1-1. It receives discharges from the major plant separations
facilities in F and H Areas, Table 2.7.2.7-6. Thus its pH, tempera-
ture, and load of dissolved and suspended matter tend to be higher
than Upper Three Runs Creek, see Tables 2.7.2.7-3 and 2.7.2.7-9.
Also below the confluence of Four Mile Creek QithAthe canals for
discharge of cooling water from C Reactor, the water quality is
markedly changed. Temperaturés occasionally exceed 50 degrees
Centigrade in this section of Four Mile Creek, see Tables 2.7.2.3-3.
and 2.7.2.7-9. Such conditions have prevailed since the early
1950's. The native swamp forest has been eliminated and only

organisms, such as Gambusia .affinis, a fish tolerant of thermal

extremes, persist in the lower stream reaches. Organisms occurring
upstream from the thermally stressed reaches. of Four'MilelCreek are
essentially isolated from aquatic populations in the Savannah River
and Ils other tributaries.  Fewer fish species occur in.Four Mile
Creek than Upper Three Runs Creek with 20 to 30 species being reported
by various sources (see Sub-sections 2.7.2.4 A. Fish Populations and
Table 2.7.2.4-2), The other biota of Four Mile Creek including

algae, macrophytes, and macroinvertebrates are also less well known

than for Upper Three Runs Creek.

In addition to industrial discharges and reactor cooling water
discharges, Four Mile Creek also receives radionuclide releases from
F and H Area facilities, burial grounds, seepage basins, and C

Reactor, Tables 2.7.2.7-12, 2.7.2.7-14, and 2.7.2.7-15.



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



CHAPTER 3. PROJECTED DWPF AQUATIC RELEASES

PRESENT RELEASES TO UPPER THREE RUNS CREEK AND FOUR MILE CREEK

Of the five tributaries on the SRP site, two of these streams,
Upper Three Runs Creek and Four‘Mile'Cfeek, are close to the F and
H separationS'areas and will receive effluents from the proposed ‘
DWPF (Figure 2.7.2.1-2). One of the tributaries of Upper Three Runs
Creek receives industrial wastes from the fuel fabrication facilities
(M-Area) and the Savannah River Laboratory. Four Mile Cfeek-lies
south of F and‘H Areas and receives effluents from F and H se?aratibns
areas and the cooling water dischérge from G Reactor. Surface
drainage from both F and H Areas,flows toward Four Mile Creek aﬁd
Upper Three Runs Creek. Because of the water table contours,
drainage from the F Area tank farm into the ground divides with some
drainage flowing toward each of the two creeks. The various aquatic
discharges to Upper Three Runs Creek and Four Mile Creek are summarized
in Table 1 of this chapter.’ Efforts are continuing by the SRP to
improve containment of coal pile runoff, ash pile stabilization,
néutralization of demineralizer effluents, containment of water

treatment sludge, containment of reactor cooling basin sediment, and.

pH control of ash basin effluents.
PROJECTED RELEASES FROM THE DWPF

Effluents released from the DWPF will occur during two phases -
of activity, construction and'operation. Figure 1 and Table 1 of
this chapter show the anticipated typeslof effluents during these
two phases. Tahle 2 also contains a judgment of their potential

importance to aquatic impacts.of Upper Three Runs Creek and Four
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Mile Creek. Mitigation of each of these impacts is planned and is

summarized in the following paragraphs.

Control of soil erosion is maintained during the construction
period. As site grading progresses, cutoff ditches and diversion
berms are used to minimize erosion and to direct storm runoff to
sediment-retention basins. Areas stripped of vegetation are protected
with straw mulch or stone covérings depending on the activity in the
area. Effluents from the sediment-retention basins will be directed

to Upper Three Runs Creek.

As grading is completed, seeding of'the area is done. Landscaping
consists of grassing and stabilizing all areas affected by construction
of the DWPF, but does not include trees,'shrubs, or special plantings.
All areas inside the exclusion fence are landscaped fo varying degrees.
Steep slopes, as a result of excavation or backfill, receive special
-treatment. All cleared areas outside the exclusion fence are land-

scaped to check erosion.

" Storm Sewer Facilities

These facilities provide a éystem.for collection and disposal of
stormwater runoff. The system extends over the entire DWPF Area.
. Rainwater runoff collection lines from coal storage, ash disposal
basins, cold feed storage and all other locations where water may
pick up chemical contamination are excluded from the stormwater
collection facilities. Likewise erosion protection facilities are

excluded. Sanitary sewer lines are not included. The storm sewer
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syétém consists of inlet structures and gratings, underground storm
drain lines, storm sewer outfall structures, manholes, and storm
~gratings. The storm seﬁers are a gravity flow collection system
designed to remove all surface runoff from a 10-year. frequency storm.
The flow from areas surrounding the faiquads, roads, truck unloading,
tank farm and shops where storm water may be chemically contaminated
will be directed through diversion boxes to the equalization tanks

at the chemical and industrial waste treatment facility.

In order to reduce the capacity required for the equaliZation
tanké, a minimum of three drainége systems is plannedf The equalization
tanks will be sized for one area's contaminated flow for 30 minutes
of a 10-year frequency storm plus the other contaminated quantities.

The remaining open areas and roof drains will be collected and
released outside the area. All surface runoff will ultimately be
carried away by Upper Three Runs Creek. The outfall structures
will be reinforced concrete headwalls with -properly graded and

riprapped ditches and banks to eliminate erosion.

These facilities provide a system for collection, treatment,
and disposal of the sanitary wastes generated in the DWPF Area.
Sanitary sewers are gravity flow conduits of clay pipe for collection
and transfer of sewage to a surge tank and pumping station located
adjacent to the sanitary treatment facility. The sewers are capable
of accommodating sewage rates of 40 gallons per person per day for
a wqu ercelofASQO persons. |

A prefabricated activated-sgludge treatment oyotem including



an aeration chamber, clarifiervchamber, a sludge holding tank,

and chlorine contact tank is provided. The effluent from the
chlorine contact tank is deposifed on a maintained spray field

at a rate to eliminate runoff. The sludge is pumped from the sludge
holding tank into mobile tanks and disposed of on the sludge drying
beds of the chemical and industrial waste treatment facility. No

new or additional releases to Upper Three Runs Creek are anticipated.

" Ash Disposal Basin

The ash disposal basin provides space for landfill of ash and
separation of the water used for transporting the ash from the power
area. This facility consists of lined basins, a concrete sump for
recirculating sluice water, and monitoring wells. The ash disposal
basin provides a 2.9 million cubic feet of storage which equals §
years of operation at an average load of 130,000 pouﬁds per hour.
The basins will be located to permit future expansion for 20 years
of operation. Two earthen lagoons with 1.45 million cubic feet of
capacity are provided. The lagoons are lined with a five foot clay
liner. Erosion protection is provided on graded areas and banks.
Monitoring wells are used to assure that the liner is not leaking.
The sluice water and any rainwater.collectéd in the basinbis
recirculated for ash sluicing. The overflow or blowdown is treated

in the chemical and industrial waste treatment facility.

These facilities provide treatment for non-radioactive contaminated
waste water generated from chemical operations and rainwater run-off
in the S Area. The contaminated water to: be treated includes ash

basin blowdown, boiler blowdown, water treatment regenerates, cold
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feed spills and washdowns, mock-up buildihg‘and apron effluent,
truck unloading éﬁd pad effluents, coal pile run-off, cooling towerv
blowdown, equipment cooling water and'chemicél—contaminated storm
water. These waste water streams are blendéd in an equalization
basin, then neutralized in a two-stage agitated system using 20
percent caustic or concentrated HpSO,. ATﬁe stream is clarified .
'in gravity settlers with polyelectrolyte flocculation as required.
The supernate from the settlers is filtered, monitored and pumped
to Four'Mile Creek. The sludge from thé settlérs is pumped to
the drying beds' and run-off is returned to the settlers. Dry |
sludge is removed to a landfill area. Facilitie§ provided are
sized to handle a design flow of 250 gpm (maximum) containing
suspended solids in the range of.SOO to 1000 ppm. Fluctuations -
in pH as low as 1 and as high as 14 are provided. It is expected
that the pH will normally range between 3-4 or higher. Waste
treatment effluent quality design goals are:

o Total suspended solids less than 10 ppm

o pH between 6-9

o 011 and grease less than 10 ppm

o Heavy metals concentrations less than the values listed below:

Arsenic 0.5 ppm
Barium ‘ 10.0 ppm
Cadmium 0.10 ppm
Chromium 0.5 ppm
Lead 0.5 ppm
Mercury 0.02 ppm
Selenium . 0.10 ppm
Silver 0.50 ppm

The design goals listed above for effluent quality should be
viewed as tentative until such time as the actual parameters required.

for compliance with applicahle regulations can be dectermined.
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Estimated Radionuclide Releases

The annual discharge of radioactivity contaminants to the
atmosphere and plant streams are shown in Table 3 of this chapter.
The anticipated releases from the DWPF are compared with the SRP
releases for 1979 in Table 4 of this chapter. The estimated
atmospheric release of tritium from the DWPF is several orders.
of magnitude less than the normal SRP releases. The estimated
aquatic release of tritium from the DWPF is about bne-half of
of the normal SRP releases. The releases of fission products,
uranium, and transuranics are a few to several orders of magnitude

below the current SRP aquatic releases.
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TABLE 1. AQuEOUS DISCHAR(]QES FROM SRP FACILITIES TO UPPER THREE RUNS CREEK AND
FOUR MILE CREEK
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Table 2. Impacts to Upper Three Runs Creek and Four Mile Creek from the

Proposed

DWPEF,

Drainage

or

Effluent

Type

Uﬁper Three Runs Creek

Four Mile Creek

Phase

Phase

Construction

Operational

Construction

Operational

Erosional Runoff

Storm Sewer Effluents

Sanitary Sewage

Chemical and Industrial
Wastes

a.

b.

Ash Basin. - 7]

Boiler Water

. Cooling Water

Blowdown

. Coal Pile Leachates
. Coal Car Cleaning

. Accidental Spillage

of Cold-feed

Problem

Problem

None

~ None

Chemicals

Radioactive Releases
(Normal Operations)

None

Limited
Limited

None

None

None

Very minimal
None

None

None

None

Very minimal
None

None

Limited

Limited
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Tahle 3.

And The DWPF.

Fission Productsb

Uranium

Transuranics

a.
b.

C.

1978 releases.

Atmospheric , Curies/Yr.

SRE®

3.8 x 10°

1.11 x lO0

3.1 x 1073

8.5 x 10°°

Estimates, subject'to change.

DWPF®

3.7 x 102

1.9.x 10'1

8.2 x 10~

5.3 x 107>

Particulates (does not include noble gases).

11

Liquid » Curies/Yr.

Comparison of Radioactive Releases From:Present SRP Opnerations

SRP® DWPF°

4.0 x 10% 1.5 x 10
7.7 x 107t 1.2 x 1073

5.6 x 1072 1.0 x 10711

5.8 x 107° 6.6 x 10°°



Table 4. Estimated Annual Releases to the Environment from
the Defense Waste Processing Facility.@

Point of Release

Radionuclide Atmospheric, Ci/yr Agqueous, Ci/yr
TOTALS:

Tritium 3.684 x 10° 1.557';; 0%

' Fission Products 1.858 x ;0'1 1.237 x 1070
Uranium : 8,..230 x 107t 1.045 x 1071
Actinides . 5.307 x'107° 6.568 x 107°
a

These releases assume full-time Operation. - Actual releases
are expected to be no more than 75% of these values; therefore

they are estimates subject to .change.



CHAPTER 4. FUTURE AQUATIC INFORMATIONAL NEEDS

Since primarily descriptive biological data are avail-
able for Upper Three Runs Creek and Four Mile Creek and
quantitative data are generally not available on the biota
of these streams, an aquatic baseline and monitoring program
should be establisheéd. This progrémIWOﬁld support further
site characterization for the DWPF and provide additional
information for preparation of the fequired environmental

impact statement.

Furthermore,.although-no specific guides exist for such.
a facility as the DWPF, environmental surveillance programs
similar to those designed.for nuclear power plants or uranium
enrichment facilities are envisioned. For'exaﬁple NRC
Regulatory Guide 4.2 calls for the determination of important
speciegfénd their relative abundances, their habitat uses
and ééquirements,'their normal.seasqnal population fluctua-
tions, and any pre-existing environﬁental stresses and effects
on the ecology of the orgénisms; NRC Regulatory Guide 4.8
states that the natural variation in ecosystems shouid be
“known and that indicator monitoring programs should be
established. Typically a two-year monitoring program is -
recommended prior to construction and operation (NﬁC Regulatory

Guide 4.1).
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Data collection for an aquatic baseline and monitoring program-
for the DWPF would fall into thrée general areas: physical and
chemical, radiological, and biological. The program does not have
to be all inclusive, but should reflgct sound.judgement between
anticipated impacts and selection of species for inclusion in the
baseline étudy. The anticipated impacts to Upper Three Runs Creek
are essentially erosion and siltation from construction activities.
The anticipated impacts to Four Mile Creek are increased chemical
releases and radionuclide releases. Criteria for selection of
species to be included in a baseline study as defined by NRC
Guides include (1) Species that afe valuable recreationally or
economically, (2) Speciés that are endangered or threatened, (3)
Species that are important to the structure and function of 1 and
2 above, (4) Species that are critical to the structure and function
of the ecosystem, (5) Species that serve as indicators of important
changes in ecosystems; that is, indicator species, and (6) Species
that may accumulate biocideé and/or radionuclides. Researchers in
general should collect enough samples of sufficient size to determine
species<composition, seasonal trends, diversity measurements, and
habitat preference. Emphasis should be placed on selection of
indicator groups and/or species which would serve to measure environ-
mental perturbations. .

The time frame for such a baseline and monitoring program
would be at least one year before construction begins in order to

include season variations and patterns in the data base. Two years
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would be possible in this case: Re-evaluation followed by continu-
ation into the construction phase of the project is anticipated. A
time frame for a biological baseline and monitoring program for the

DWPF is shown as follows:

September

--1979___ « 2 years > + 5-6 years » = ---—-——-—--
Plan Conduct Monitor ‘ Indicator
Baseline + Baseline + Construction ~ Monitoring,
Study Study ' Phase ' Operational

Phase

The physical and chemical data collection program would be
designed to take advantage of data as currently collected in the
monitoring program of Health Protection (SRP). For example, the
current water quality monitoring program on Four Mile Creek is
probably adequate for monitoring purposes. Water quélity data for
a variety of parameters are taken at Highway A-7 on Four Mile
" Creek. Increased sampling frequency to weekly intervals would be
desirable to better reflect natural variations.

Current water quality monitoring stations exist on Upper
Three Runs Creek at Highway 278, the Flowing Streams Laboratory,
and Highway 125, as well as Tim's Branch near the Flowing Streams
Laboratory. These locations should be adequate for monitoring
water quality on the main body of Upper Three Runs Creek. However,
the major aquatic impacts from construction activities at S-Area
will occur to a tributary north of S-Area which feeds Upper- Three

Runs Creek. Therefore, two monitoring stations on this tributary



are recommended.- One of these would be near Road F, north of S-Area,

and one near the confluence of the unnamed tributary and Tinker

Creek. Another station on a tributary west of Highway 4 would be

needed also.

Because of highly variable conditions in these tributaries, at

e

least weekly samples should be made for the following parameters:

Water volume (flow rate)
Temperature
pH
Dissolved solids
Alkalinity

" Hardness
Conductivity
Suspended solids
Volatile solids
Total dissolved solids
Ammonia
Sodium
Turbidity

Fixed Residue
BOD

Lignin
Chloride
Nitrate N
Nitrite N .
Sulfate

- Sulfide

Total Phosphat
Aluminum :
Calcium

Total Iron
Heavy metals

These parameters should provide a base against which to measure

predicted impacts of increased runoff, erosion, siltation, turbidity,

and solids loading during construction and later releases during

operation,

Radionuclides will need to be monitored in these streams prior

to operation. Upper Three Runs Creek currently receives no releases

in the vicinity of the proposed DWPF and should not receive any

during operation of the DWPF.

Four Mile Creek already receives

releases from F and H Areas and these will increase with the

completion of the DWPF. Again advantage should be taken of

monitoring programs by Health Protection already in place. The

current monitoring program on Four Mile Creek should be adequate

for monitoring purposes.
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The‘current monitoring program on Upper Three Runs Creek is
probably adequate for the main stream. However, since the unnamed
tributary north of S-Area could potentially receive low level
releases or accidental releases of radionuclides from S-Area
operations, baseline information is necessary. Weekly samples are
recommended at the water quality stations at Road F and.near the
junction of the unnamed tributary with Tinker Creek.. Activity to be
checked for includes the following:

Alpha pCi/l 137¢s pCi/l

Nonvol Beta pCi/l1 . U/Pu pCi/l

89,90sr pCi/l

Two types of biological saméling programs are recommended.
Several groups of organisms could be surveyed utilizing reconnais-
sance field surveys. These include the macrophytes, macroinverte-
brates (other than insects), fish, herpetofauna, and.birds and
mammals associated with water. However, the periphyton and insects
would be surveyed more intensely and quantified. These two groups
would tend to have sufficieﬁt numbers to allow quantitative sampling
of populations and provide potential measures of anticipated impacts-
in these small streams. They also lend themselves to easy collection
and the use of artificial substrates such as with diatometers.
Potentially impacted sites and control sites should be selected on
Four Mile Creek and tributaries to Upper Three Runs Creek for these
two groups for a total of 6 to 8 sites. These could correspond to
the water quality sites where possible. Weekly samples of periphyton

and biweekly sampling of insects would be recommended and should
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provide sufficient data to demonstrate seasonal trends and natural
variability. Table 1 of Chapter 4 presents a proposed sampling

schedule for the biological groups of interest.
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TABLE 1

. PROJECTED BIOLOGICAL SAMPLING SCHEDULE

Sampling
Frequency Data

Group ‘(Minimum) ~~° ~ Obtained =~

Producers

A. Periphyton . Weekly, Species composition,
Artifical Relative abundance,
Substrates Habitat preference,

Diversity indices,
Productivity,

Biomass ,

Indicator associations

B. Phytoplankton Sampled and enumerated with the periphyton
unless needs arise otherwise. Not as
significant in flowing ecosystems.

C. Macrophytes Quarterly, reconnaissance walk-throughs
of streams in question with special
reference ‘to indication of distribution
by habitat type and listing of any rare
types along the streams.

Consumers

A. Zooplankton Sampling can be reduced or eliminated in effort.

B. Macroinvertebrates Weekly, Species composition,

(Insecta) Light trap Relative abundance,
and/or Habitat preference,
artifical " Diversity indices,
substrates Secondary productivity,

Indicator species,
Biomass -

Macroinvertebrates
(Other than
insects)

Fish

Avifauna

Reconnaissance surveys at least quarterly with

special reference to distribution by habitat
type and listing of any rare types found in
the streams.

Quarterly reconnaissance with special
reference to distribution by habitat type
and listing of any rare types found in the
streams.

Reconnaissance surveys with sampling periods
to reflect migration, breeding, and use
patterns. Emphasis on those species related
to aquatic habitats or those that are rare.
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TABLE 1

PROJECTED BIOLOGICAL SAMPLING SCHEDULE (continued)

Sampling

Frequency Data
' Group : (Minimum Do " Obftained =

Consumers (contd)

F. Herpetbfauna

G. Mammals'

Decomposers

Sewage Indicators
(Fecal Coliforms)

Reconnaissance surveys on a monthly basis
with special reference to distribution by
habitat type, waterway use, indicator species,
or rare and endangered species.

Reconriaissance surveys with emphasis on those
species related to aquatlc habitats or to
uncommon types.

Weekly ' At Station 7 of Health
: Protection on Four Mile Creek
and at the two new stations.
on the tributary to Upper .
Three Runs Creek



. CONCLUSIONS -~

A significant body of deécriptive information exists
concerning the aquatic ecology of Upper Three Runs Creek and
Four Mile Creek. These two streams are potentially impacted
by construction and operation of the proposed Defense Waste
Processing Facility, a facility designed for solidification
of high level liquid wastes. All major groups of organisms
have been surveyed or studied to varyihg degrees in these two
streams. The descriptive biological information is thus
sufficient for preparation of Section 2.7.2, Aquatic
Ecology, of the,environmental document for the DWPF.
Macroinvertebrate‘information on Four Mile Creek and algae data
on both creeks are not adequate, however. Quantitative
biologicalfbaseliﬁe data will be'needed fqr these two groups
for pgpp;streams or their tributaries near S-Area. Cursory
surve&s of vertebrate activity and macrophytic occurrence will
also be needed as supplements to the present information. These
biological data, once available, will provide additional
infofmation fof preparation of a project specific Environmental
Impact Statement for the DWPF and subsequent monitoring programs
to evaluate actual impacts during coﬁstruction and o@eration

of the facility.

 Physical and chemical water quality has been monitored

on a regular basis on both of these streams. Furthermore, the

7/

present SRP, aquatic chemical and physical monitoring program
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ccmbined with three or four néw statioﬁ§:bn-the tributaries
draining the DWPF site should provide adequate monitoring
programs for impact evaluation during construction and operation
of the DWPF.

Since Upper Three Runs Creek is a relatively undisturbed and
unpolluted blackwater- stream, it has value -as a research tool and
comparison stream for other streams on the SRP siﬁe. Efforts to
minimize potential construction erosion and siltation and opera-
tional discharges from chemical treatment‘fécilities, sewage
treatment, and stormwater runoff are planned. However, Four Mile
Creek receives thermal effluents from C Reactor and chemical and
radionuclide releases from F and H separations areas. Four Mile
Creek will receive'additibnal chemical and radionuclide releases

once operation of the DWPF begins.
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2.7.2 AQUATIC ENVIRONMENT
2.7.2.,1 Introduction

A. Surface Drainage

The Savannah River flows southeastward from its point of
origin at the junction of the Tugaloo and Seneca Rivers to the
Atlantic Ocean, a distance of about 200 miles. Downstream from
Augusta, the river, in a stage of early to middle maturity,
meanders across a belt 4 to 5 miles wide. The gradient is low,
only about 1 foot per mile in the vicinity of the Savannah River
Plant. In this region, the Savannah River Plant adjoins the
Savannah River for 17 miles. The principal tributaries to the
Savannah River in the SRP area are Upper Three Runs Creek, Four
Mile Creek, Pen Branch, Steel Creek, and Lower Three Runs Creek.
These tributaries flow in a southwesterly direction almost at
right angles to the direction of flow of the main river channel.
The longest tributary, Upper Three Runs Creek, drains most of that
part of the SRP in Aiken County and drains areas to the west,
north, and east of the proposed DWPF. Four Mile Creek drains
areas to the south of the DWPF.

B. Savannah River

As noted above, the headwaters of the Savannah River are in
the Blue Ridge Mountains of North Carolina, South Carolina, and
Georgia. The river empties into the Atlantic Ocean near Savannah,
Georgia., Two large reservoirs, Clark Hill Reservoir and Hartwecll
Reservoir, upstream from the. Savannah River Plant provide hydro-
electric power, flood control, and rccreation (Langley and Marter,
1973). Operation of these reservoirs has stabilized the river
flow at nearby Augusta, Georgia, to an average of 10,570 (300 w3)
cubic feet per second (cfs) for the water years 1962 to 1978
(Langley and Marter, 1973; SAR, 1980). Furthermore they have
influenced both Lhe bilological and water quality characteristics
of the Savannah River. Suspended sediment load has been reduced.
Species composition in the river has likely been altered. The
Savannah River has also been subjected to other alterations during
this period —-- treatment of municipal sewage discharged to the
river has improved during the last ten to fifteen years (EPA,
1971, Hawkins, 1976); channel modifications downstream have im—
proved drainage, thereby reducing flooding frequency and duration
in the swamp forest; and farmland has been abandoned and forest-
land has been cleared for urbanization and industrialization.

Each of these processes has undoubtedly caused changes in the
river ecosystem.



Ce. Savannah River Plant Tributaries

The five main streams on Savannah River Plant site are Upper
Three Runs Creek, Four Mile Creek, Pen Branch, Steel Creek, and
Lower Three Runs Creek, Figure 2.7.2.1-1. They originate on the
Aiken Plateau and descend 100 to 200 feet before discharging to
the Savannah River. On the Plateau, they are generally clear
except. during periods of high water. Rainfall infiltration and
seepage through sandy soil furnishes the streams with a relatively
constant flow of water throughout the year. All of these tribu-
tarles except Upper Three Runs Creek have been influenced by
reactor cooling water discharges. These discharges, many times
the natural stream flows, cause the streams to overflow their
original banks along much of their length. Fish life is also -
restricted in the lower reaches of these streams. ‘

D. Streams Near the DWPF Site

The Defense Waste Processing Facility (DWPF) site is situated
near the center of the Savannah River Plant. The DWPF site is
approximately nine miles from the Savannah River and slightly more
than a mile from Upper Three Runs Creek and Four Mile Creek, as
shown in Figure 2.7.2.1-2. This figure shows the topography of
the Savannah River Plant site and the drainages which flow through
the DWPF area. The DWPF site is located on an area of high ground
north of the existing 200-H Area. Because the DWPF site is located
on a topographic high point on the divide between the two small
watersheds, the site is not susceptible to flooding from the
Savannah River, Upper Three Runs Creek, or the small tributary to
Tinker Creek. A small wetland or Carolina Bay, known locally as
Sun Bay, occurs on the site and has been wodified by a former
drainage ditch and site selection surveys.

Upper Three Runs Creek

Upper Three Runs Creek, the longest of the plant streams,

" differs from the other four plant streams in two respects. It is

the only one with headwaters originating outside the SRP site and

is the only one that has never received heated discharges of cool-
ing water from the production reactors (ERDA, 1977). Upper Three
Runs Creek draius a Lulal area of approximately 19U square miles
(Giesy and Briese, 1978). 1Its significant tributaries are Tinker
Creek, a lengthy headwaters branch, and Tims Branch. Tims Branch
receives industrial wastes from fuel fabrication facilities (Savannah
River Plant M-Area) and the Savannah River Laboratory. Subsequently,
Tims Branch flows through a small impoundment, Steed Pond. The M-Area
effluent flow averages about one cfs. Tims Branch flows at between
one and one-half and two cfs below Steed Pond and about four cfs



before discharging into Upper Three Runs Creek near Road C (SAR,
1980). : . '

Upper Three Runs Creek was designated as a National Hydro-
logic Bench~Mark Stream by the United States Geological Survey in
1966, and a recording station was established where Route 278
crosses the stream. In bench-mark streams, the water quaiity,
temperature, and flow are measured monthly. The drainage area
above this monitoring station is 87 square miles and the average
discharge from 1966 to 1976 was 112 cfs which represents 17.5
inches per year from the drainage basin (SAR, 1980). Approxi-
mately 36 percent of the rainfall within this basin becomes
runoff.

The flow and temperature of Upper Three Runs Creek are mon-
itored near the Highway 125 crossing. The flow ranges between
190 and 520 cfs and averages 265 cfs. The average temperature for
1959 to 1966 was 16.9 degrees Centigrade with a maximum monthly
~average of 23.0 degrees Centigrade in July (Langley and Marter,
1973).

The valley of Upper Three Runs Creek is asymmetrical with
steep southeastern banks having abrupt relief of 100 to 120 feet
and gently sloping northwestern banks. It is bordered by exten-
sive swamps one-half to three-fourths mile wide. The stream val-
ley has a low gradient with a meandering and interbraided channel
especially in the lower reaches. The swamp forest of the flood-
plain consists primarily of bald cypress and tupelo gum, while the
bottomland hardwoods associated with the stream are mostly sweet
gum, oak, and beech. :

Four Mile Creek

The drainage area of Four Mile Creek lies entirely within the
SRP site and receives discharges from major plant faciiities. It
drains into an extensive swamp that borders the Savannah River on
the South Carolina side. Four Mile Creek has a length of about 15
miles and drains about 35 square miles (Langley and Marter, 1973).
It receives heated discharge from C Reactor and wastes from F and
H Areas. The average flow upstream of any plant discharge is less
than 0.5 cfs and is increased by F and H effluents and drainage to
about 20 cfs just above the confluence with the C Reactor dis-
charge. After the junction with .the C Reactor cooling water, the
creek flows about 7 miles before entering the river swamp (Langley
and Marter, 1973)..

Temperatures in the reach immediately downstream from € Reactor
are extreme, occasionally exceeding 50 degrees Centigrade during



summer months (Gibbons and Sharitz, 1974, Brown, et al., 1972).
Such conditions have prevailed since the early 1950's, resulting
in alteration of the natural stream in numerous ways. The native
swamp forest has been eliminated; the stream is mostly unshaded;
and only organisms highly tolerant of thermal extremes persist in
the lower stream reaches. Organisms occurring upstream from the
thermally stressed reaches are essentially isolated from aquatic
populations in the Savannah River and its other tributaries. Many
of these organisms are actually the aquatic phase of terrestrial
species. However, during periods of reactor shutdown when the
cooling water flow and temperature are reduced, numerous species
readily reinvade the stream (McFarlane, 1976)

E. Savannah River and Upper Three Runs Creek Swamp Bottomlands

A swamp lies in the floodplain along the South Carolina side
of the Savannah River. This river swamp and a bottomland hardwood
forest occupy about 10 square miles of SRP. A small embankment or
natural levee, 18 to 35 feet above the river level, has built up
along the river. Three natural breaches in the levee allow dis-—
charge of stream water to the river. The waters from Beaver Dam
Creek and Four Mile Creek combine and flow through the swamp par-
allel to the river before discharging. Beaver Dam Creek receives
effluent from the heavy water production process and the associ-
ated power generating plant in D Area, while Four Mile Creek
receives thermal discharge from C Reactor. '

Macrophytes growing in the swamp, in areas receiving suffi-
cient sunlight, include water milfoil (Myriophyllum heterophyllum),
rushes (Juncus spp.), bladderwort (Utricularia spp.), smartweed
(Polygonum spp.), riverweed (Podostemum ceratophyllum), and cat-
tail (Typha latifolia). Whipple (1978) lists, Table 2.7.2.1-1,
the common shrubs and herbaceous plants of the bottomlands of Upper
Three Runs Creek. Landers, et al., (1977) list the common emergent
vascular macrophytes of the swamp bottomlands.

Those sections of the swamp land, such as the delta area of
Four Mile Creek which receive heated effluent, have been modified,
because of the thermal loading, flooding, and increased siltation
(Straney, et al., 1974; Sharitz, et al., 1974b). Approximately
1 square mile of the total swamp and hardwood forest have been
killed by the standing hot water effluents from the Savannah River
Plant. Slight to moderate tree kill has occurred throughout another
6.5 square miles (Gibbons and Sharitz, 1974). Throughout much of
the area of intense effect, temperatures are too high to allow the
growth of vascular plants in the water or on the associated sedi-
ments (Straney, et al., 1974). Periods of prolonged or excessive
flooding are detrimental, especially to hardwood species, so that
even the flood tolerant bald cypress and tupelo gum are stunted



and eventually killed if high water levels persist through several
growing seasons. These species also require a drier period with
exposed sediments if seed germination and seedling establishment
is to be successful (Sharitz, et al., 1974b). -

Prolonged flooding not only destroys vegetation along the
floodplains, but also scours the banks. Sediments are deposited
downstream in the delta areas of the swamp (Langley and Marter,
1973)s Heavy siltation results in tree kill also. Hundreds of
limbless dead trees stand where they formed a canopy at one time
throughout the area. Vascular plants can be found growing above
the water level on small islands formed by the fallen logs and
stumps (Sharitz, et al., 1974a, 1974b).

The Upper Three Runs Creek swamp, which has not received
thermal reactor effluents, has a floristic composition typical of
mixed hardwood swamp forests in the coastal plain of the south-
"east. Hardwoods were lumbered from the Upper Three Runs Creek
swamp in the 1800's and early 1900's but little disturbance has
occurred for the past 50 years (Swails, et al., 1957; Porter,
et al., 1958; Whipple, 1978). Woody plants, primarily trees,
shrubs, and woody vines, dominate.the flora. The canopy of this
forest consists of bald cypress (Taxodium distichum), tupelo gum
or water tupelo (Nyssa aquatica), red maple (Acer rubrum), and
species of ash (Fraxinus spp.). In the Upper Three Runs Creek
swamp bald cypress and tupelo gum line the stream channels (Whipple,
1978) and occupy pools and flooded depressions (Sharitz, et al.,
1974a). Sweet gum (Liquidambar styraciflua), river birch (Betula
nigra), and ironwood (Carpinus caroliniana) occur in areas subject
to occasional flooding. Beneath the canopy, woody vines of Similax
dominate the ground flora. -Herbaceous cardinal flower (Lobelia
cardinalis) and panic grass (Panicum spp.) are common. Typical of
swamp hardwood forests, shading by the canopy and occasional flood-
ing cause reduced growth of the ground flora (Sharitz, et al.,
1974a). Poison ivy (Rhus radicans) can be abundant and Spanish
moss (Tillandsia usneiodes) occurs on the trees (Hoy, 1953). Hoy
(1953) lists various grasses, reeds, rushes, sedges, and in some
areas dwarf palmettos (Sabal minor) as members of the undergrowth.
Occasional upland ridges also support water oak (Quercus nigra),

willow oak (Quercus phellos) and sweet gum (Sharitz, et al.,
1974b).

. Three bottomland communities are described briefly for the
Beech-Hardwood Forest Reserve along Upper Three Runs Creek, the
Mixed Swamp Forest Reserve, and the Cypress Grove Reserve by SREL

(1979). Whipple (1978) lists the common species in locations
ranging throughout the bottomlands of Upper Three Runs Creek and
details the location of four permanent plot areas within that
drainage. .



Water levels during the winter floods in parts of Upper Three
"Runs Creek may be 12 to 16 feet above the summer level and may
exceed the height of the butt swell of the bald cypress and tupelo
gum by more than 2 feet (Langley and Marter, 1973). During the
summer the swamp drains and most of the forest floor is exposed
(Sharitz, et. al., 1974a).

2.7.2.2 Prior Biological and Water Quality Investigations

Numerous investigations of water quality and biological
conditions of SRP site streams have been conducted both prior to
and since initiation of Savannah River Plant operations. The
primary sources of data are summarized by the following:

o Baseline studies on the aquatic environment of the
Savannah River between river miles 123 and 162 were
initiated by the Philadelphia Academy of Natural
Sciences (ANS) in 1951-1952, and have been continued
on an operational monitoring basis to the present.

o Diatometer studies were begun by the ANS in 1953 as
a means to continuously record possible changes in
the river as reflected by changes in the diatom com-
munity. Quarterly reports of these studies are avail-
able from E. I. du Pont de Nemours and Company.

© Numerous baseline surveys of aquatic and terrestrial
‘biota were conducted by biologists from the Univer-
sity of South Carolina and the University of Georgia
under contract to the Atomic Energy Commission during
the period 1951-1960.

@ Studies on thermally stressed ecosystems, succession
of terrestrial systems, population dynamics and other
ecological problems have been performed by the
Savannah River Lcology Léboratory which was eslab-
lished in 1961 and is operated by the University of
Georgia. .

e Detailed studies of water quality and stream trans-
port of materials have been conducted by the Environ-
mental Transport -Division of the Savannah River
Laboratory. These studies were initiated in 1972.

o Upper Three Runs Creek became a National Hydrologic
Bench-Mark Stream in 1966 and data. on physical and
chemical parameters are available from the USGS.



e The Savannah River Plant site was established as the
first National Environmental Research Park (NERP) in
1972 and NERP baseline studies have been conducted
since then.

e Routine sampling at several stream stations have
been performed on a quarterly to monthly basis since
1951 in conjunction with monitoring radiocactive
releases by the Environmental Monitoring Program of
the Health Protection Department of the Savannah
River Plant. (Ashley, 1972; Ashley and Zeigler,
1973, 1974, 1975, 1976, 1978). ‘

¢ The Flowing Streams Laboratory established in 1972 by
SRL provides information for Upper Three Runs Creek.

The most complete data on biological characteristics of the
Savannah River are contained in the report series prepared by the
Philadelphia Academy of Natural Sciences (ANS). These surveys
have been conducted on a semiregular basis since 1951. The first
survey was made by sampling selected stream stations during all
four seasons. A complete report was prepared to present results
of this pre-operational survey (ANS, 1953). In subsequent years,
the practice has been to conduct cursory surveys on an annual
basis and a more complete survey, including sampling during at
least two seasons, approximately every three to five years. The
more complete surveys are then reported by means of a summary
report which also provides comparison of the data with that of
prior years (ANS, 1953, 1957, 1961, 1967, 1970a, 1974, 1977).

" Table 2.7.2.2-1.is an inventory of the surveys utilized and a
breakdown of the sampling periods in these reports. The most
-recent cursory survey was in 1977. :

Biological components investigated during each ANS survey
included algae and diatoms, protozoa, macroinvertebrates (includ-
ing aquatic insects), fishes, bacteria (occasionally), and limited

water quality and physical measurements. Sampling, preservation, .

and laboratory methodology are described in each report. Emphasis
was placed on an inventory methodology at each station and on
taxonomic identification of all species collected. The data are
semi-quantitative at best. .

Initially, five stations were sampled by the ANS. Stations

were located on Upper Three Runs Creek and the Savannah River in

a reach extending upstream and downstream from the Savannah River
Plant. The station on Upper Three Runs Creek was abandoned after
1956, and additional stations have been added on the Savannah River
. in recent years (ANS, 1974). The location of Station 4 was not
noted nor were any data from this location reported. Station 5

was moved in 1960 because the river channel was straightened and

/.Y



the meander on which the station had been located became an oxbow
lake off the main channel. The river mile locations specified for
the stations were therefore revised in 1960. Detailed descrip-
tions of the sampling stations are provided in each ANS report.

More detailed studies on the biota, as well as some chemical
and physical parameters of potentially impacted waterways, are
given in Table 2.7.2.2-2. These cover a variety of topics such as
fish 'species surveys, movements, and responses to thermal stress;
surveys of amphibian and reptilian populations; bird and waterfowl
diversity; furbearer populations; insect distribution; crustacean
species; swamp bottomland composition; and water chemistry. Infor-
mation on macrophytes is limited and data on the biota of the upper
reaches of the non-thermally impacted portions of Four Mile Creek
are fragmentary. »

2.7.2.3 Primary Producers

Algae, macrophytes (aquatic vascular plants), and detritus
serve as the base of the food web in aquatic environments. In
flowing environments, attached algae (periphyton) assume a greater
role in food production than floating algae (phytoplankton), since
the latter develop in areas of still water or where flow is limited
and reduced. Much of the phytoplankton of the Savannah River con-
sist of detached periphytic forms, as well as forms that are dis-
charged from the reservoir behind Clark Hill Dam and tributaries of
the river. Backwater areas, swamps, and marshy areas adjacent to
the river also provide suitable habitats for phytoplankton which
enter the river as free-floating algal forms. <Clark Hill Dam,
constructed in 195}, resulteéd in increased diversity in the
periphyton community of the river because of decreased turbidity
and an associated increase in light penetration. More recent
decrease in diversity has been attributed to an increase in
organic loading of the river (ANS, 1970b).

Macrophytes are distributed in shallow areas of reduced cur-

rent such as in oxbows, behind sand bars, around spur dikes, in
swamp areas and along the shallow margins of the tributaries.

A. Algae and Diatom Populations

Data from ANS studies from 1951 through 1976 have been used
to assess the algae and diatom populations of streams located at
the SRP site. These findings are summarized by family and are
presented in Table 2.7.2.3-1. . The number of species represented
in ANS collections are presented in Figure 2.7.2.3-1. The col-
lections upon which the data are based werée made in a variety
of ways. At each station, material was taken from various



habitats—-by scraping submerged surfaces, by collecting water and
sediments, and by collecting mats and filaments of algae visible in
the water. The methods of collection varied due to physical condi-
tions (e.g., water level) and individual investigator preferences.
Major changes in laboratory procedures, which influence success in
taxonomic identification, were made in 1956. Specifically, after
1956, at least six specimens of any species were necessary in the
composite samples for inclusion in the. list of species. Details of
methodology are given by Patrick, et al., 1967.

Savannah River

Examination of Table 2.7.2.3-1 reveals little consistency in
the patterns of dominance by groups of numbers of species from.
station to station or from year to year. However, diatoms have
been the dominant group in most years. Blue-greens are the sec-
~ond most common group. The most diverse algal flora consistently
occurs during summer, coincident with low flow-and less turbid
water, which permit greater llght penetration.

The lowest numbers of species encountered were in sampling
years 1968 and 1976 (cursory sampling). The greatest numbers
_were encountered in 1960 and 1965. The occurrence of greater
numbers of species in 1960 and 1965 was attributed mostly to
diatom species, but also coincided with a profuse growth of
blue-green algae-—-primarily of the genera Microcoleus and Lyngbya.
The yellow—-green alga Vaucheria sp. was notably rare or present in
limited numbers during these years (ANS, 1961).

The dominant species varied from station to station in the
ANS surveys, but dominance Wwas confined to only a few species in
each group. Dominant diatoms were usually Nitzschia palea,
Navicula mutica, Achnanthes biporama, A. lanceolata, Melosira
varians, M. distans, and Gomphonema parvulum. Among the green
algae, Oedogonlum Spirogyra, and Stigeoclonium were consistently
the most abundant species. Of the yellow-greens, Vaucheria was
consistently present. The greatest variability in dominant spe-
cies occurred among the blue—-green algae. Microcoleus vaginatus
and Schizothrix calcicola were most frequently the dominant
blue-greens. Oscillatoria retzii, S. rubella, Lyngbya putealis,
and Phormidium spp. were also frequently dominant locally.

Similar listings of common algae from the Savannah River were
given in the Environmental Report for the Alvin W. Vogtle Nuclear
Plant (AWV, 1972). These are summarized in Table 2.7.2.3-2.



Upper Three Runs Creek

Collections were made on Upper Threé Runs Creek (ANS Station 2)
from 1951 through 1956. Collections from four surveys at this sta-
tion during the 1951 - 1952 period yielded 124 species--more than
from any other location sampled. Surveys in the summer of 1955 and
the spring of 1956 yielded 99 and 94 species, respectively. 1In all
collections, diatoms were the dominant component of the flora. A
greater number of species occurred in winter, because in summer the
stream is mostly shaded by the heavy overstory of bottomland hard-
woods. The most abundant diatom species are Gomphonema olivaceum,
G. turris, and the genera Eunotia, Pinnularia, and Frustulia. This
‘species composition is distinctively different from that of the
Savannah River, and is characteristic of cool, slightly dystrophic
and shaded waters. The yellow—green algae, Vaucheria spp., occur-
red in occasional mats during summer and blue-green algae were rare
(ANS, 1953; 1957). ‘

Harvey (1975) in baseline studies of Upper Three Runs Creek
prior to operation of the Flowing Streams Laboratory listed the
common algae of that stream. Attached algae were very common in
open areas of the stream. Diatoms were most abundant with Eunotia,
Gomphonema, and Tabellaria being dominant. The most common green
algae were Spirogyra, QOedogonium, Mougeotia, Draparnaldia, and
Stigeoclonium. The yellow-green algae, Vaucheria, was -common
on the sandy bottom. Three red algae, Tuomeya, Audouinella, and
Batrachospermum, were present, but not in great abundance. The
blue-green algae represented by Oscillatoria, Schizothrix, and
Microcoleus were very scarce. The algal composition thus reflects
the excellent water quality of this soft, black-water stream.

Four Mile Creek

No sampling has been conducted with regularity on Four Mile
Creek. In the zone of thermal stress, only the thermophilic blue-
green algae Phormidium sp. and Oscillatoria sp. survive regularly
along the shoreline in waters exceeding 50 degrees Centigrade. The
filamentous green algae, Spirogyra sp. and Potamogeton diversi-
flora, are abundant in cooler regions where temperatures are com-
monly within 30 to 37 degrees Centigrade (Gibbons and Sharitz,
1974). Upstream in the non-thermal reaches, diatoms might be
expected to be the predominant and most diverse primary producer,
but populations would not be dense due to the heavy shading from
the hardwood overstory. Blue-greens of the genera Microcoleus,
Schizothrix, and Oscillatoria may be found on decaying organic
surfaces such as submerged logs and leaf litter.

Patrick (1974) summarized the effect of abnormal temperatures
on algal communities in general. Brown, et al. (1972) summarized



the thermal effluents from C Reactor on Four Mile Creek. Typical
temperatures are shown in Table 2.7.2.3-3.

Tansey and Fliermans (1978) reported that:condensed foam
taken from the surface of thermal effluents contained high con-
centrations of algae, fungi, protozoa, and invertebrates that
cannot grow at lower temperatures. Many of these.organisms were
apparently healthy (e.g., normally pigmented algae, motile proto-
zoa, and intact cytoplasm). .

Vanderbosch (1977) in a survey of the periphytic diversity of
two sites from Upper Three Runs Creek, a thermal site on Four Mile
Creek, and several sites along a small post—-thermal tributary of
Four Mile Creek (Castor Creek), listed the common genera of peri-
phytes and indicated their relative abundance. In Upper Three
Runs Creek at .least 27 genera were collected with Eunotia, Tabel- -
laria, Oedegonium, Draparnaldia, Zygnema, Mougeotia, Microcystis,
Lyngbya, and Chroococcus being abundant. The thermal portion of
Four Mile Creek had only 1l genera.with Fragillaria, Oedegonium,
Stigeoclonium, Schizomeris, and Oscillatoria as common. In addi-
tion to these genera Lyngbya, Arthrospira, and Spirogyra were -
frequently observed in the non-thermal portions of Four Mile
Creek. Castor Creek was collected more intensely thus yielding
49 genera; the most common being Asterionella, Tabellaria,
Synedia, Frustulia, Desmidium, Oscillatoria, and Chroococcus.

B. Macrophytes

Hoy (1953) gave an early description of the aquatic and semi-
aquatic habitats of the SRP-site. Aquatic habitats include both
ponds and streams as well as a large transition area along them.
The aquatic flora also depends somewhat on the depth of the water
and the swiftness of the current. In ponds the typical fanwort
(Cabomba caroliniana), swamp loosestrife (Recodon verticillatus),
water pennywort (Hydrocotyle umbellata), golden club (Orontium
aquaticum), arrowhead (Sagittaria latifolia), and sedges (Cyperus
spp.) occur. In streams the more common plants are species of
water weeds, buttonbush, water pepper (Polygonum hydropiperoides),
tape grass (Vallisneria americana), and a number of sedges. These
streams are often bordered by blackberry brambles (Rubus spp.),
tangled masses of smilax (Smilax smallii), and thickets of devil's-
walking-stick (Aralia spinosa). In some ponds, the white water
1lily (Nymphaea odorata) is an evident aquatic plant (Gibbons,
1970). :

In a more recent survey of the Savannah River, eight macro-
phytes were identified for the Savannah River (AWV, 1972, 1974).
The distribution of these plants along the river was spotty.
Large concentrations were found in areas of less current, in



oxbows, behind sand bars, and around spur dikes. All eight were
rooted except Lemna sp., which, although having rootlets, floats
on the surface and comes into the river from tributary creeks.
The sessile plants are listed in Table 2.7.2.3-4.

Angerman and Jones (1979) are currently characterizing the

plant communities of the SRP site and plan to include macrophytes
in their descriptions.

Upper Three Runs Creek

The stream bottom is mostly shifting sand with almost no
rocks. Occasional fallen limbs and logs occur. Where the forest
canopy is open, rooted vegetation such as Vallisneria americana
and Potamogeton epihydrus occur. Small flood plains are dominated
by Orontium aquaticum, Sagittaria latifolia, Ludwigia sp., and
Polygonum sp. (ANS, 1951). Submerged logs support a luxuriant
growth of several higher aquatic plants. The riverweed, Podestemon
ceratophyllum and Micranthemum umbrosina were especially abundant
(ANS, 1951).

Morse, et al. (1979) and Cain (1977) indicated the importance
of macrophytes in providing habitats: for macr01nvertebrates,
especially insects.

Four Mile Creek

Areas near C Reactor thermal discharges routinely have tem-
peratures exceeding 50 degrees Centigrade. In such areas thermo-
philic bacteria and algae become the dominant organism living in
the water itself. Throughout much of this area of intense effect,
temperatures are too high to allow the growth of any vascular.
plants in the water or on the associated sediments (Sharitz,
et al., 1974a; Bourque and Esch, 1974).

Cain (1977) in Castor Creek, a small tributary which enters

Four Mile Creek south of C Reactor, noted the presence of 17
macrophytes in this branch.

2.7.2.4 Consumers

A. Fish

Aquatic habitats for fish on the plantsite are numerous and
diversified. They consist of natural and thermally stressed flowing



streams and rivers, ambient temperature and thermally stressed
reservoirs, Carolina Bays, abandoned farm ponds, swamp channels,
and oxbow lakes (Langley and Marter, 1973).

Fish populations have been investigated more than any other
group of biota in the streams of the Savannah River Plant. Pre-
operational studies initiated by ANS in 1951 included fish surveys
(ANS 1951, 1952a, 1952b), which have been continued on a generally
regular basis on the Savannah River to the present. Other surveys
include those made by Freeman (1954), Smith, et al., (1973),
McFarlane (1976), and Bennett and McFarlane (1979). <Clugston
(1973a) included a general listing of SRP fish alsé. The Environ-
mental Report (AWV, 1972) and The Final Environmental Statement
for the Alvin W. Vogtle Nuclear Plant (AWV, 1974), the Barnwell
Nuclear Fuel Plant Environmental Report (BNFP, 1971), the Barnwell
Environmental Statement (BNFP, 1974) and Cooley and Farnworth
(1974) 1list the fish of the Savannah River. Dahlberg and Scott
(1971a, 1971b) give the freshwater fish for Georgia and list the
introduced freshwater fish of the. Savannah River.

More specific features have been addressed by other research-
ers. Humphries (1965) examined the movement of channel catfish
in Upper Three Runs Creek and the Savannah River. McFarlane,
Frietsche, and Miracle (1978) quantified the impact of impingement
and entrainment of SRP operations on Savannah River fish and noted
the role of Upper Three Runs Creek in the spawning of fish. Mos-
quito fish (Gambusia affinis) populations have been studied by
Falke and Smith (1974) and Ferens and Murphy (1974) in Upper Three
Runs Creek and the thermal zones of Four Mile Creek. The biochem~-
ical genetics of sunfish from Upper Three Runs Creek, Four Mile
Creek, and thermal water sources were conducted by Yardley, et al.
(1974). McFarlane (1976) examined the fish diversity of thermally
and non-thermally impacted streams of the SRP. Tinney and Gibbons
(1977) examined the invasion of post-thermal habitats by fish
during periods of reactor shutdown. Thompson and Gibbons (1978)
examined the fish diversity of a small thermally isolated tribu-
tary of Four Mile Creek.

Streams of the southeastern Atlantic Coastal Plain are noted
for their diverse fish fauna. Dahlberg and Scott (1971) reported
102 species from the Savannah River drainage basin. McFarlane
(1976) reported that 64 of these occur in the environs of the
Savannah River Plant, and that 79 species have been reported one
or more times. Bennett and McFarlane (1979) list 80 species in
the most up-to-date survey of the SRP site. Their listing is
given iu Table 2.7.2.4-1. Table 2.7.2.4~2 is a summary list of
fish species compiled from reports of ANS (1953, 1957, 1961, 1967,
1970a, 1974, and 1977); Freeman (1954); and McFarlane (1976).

A total of 106 species from the Savannah River, Upper Three Runs
Creek, and Four Mile Creek are listed. Attempts have been made in



Table 2.7.2.4-2 to eliminate obvious duplication through elimina-
tion of synonomy in taxonomic names. Table 2.7.2.4-3 presents
synonomy and revisions in the taxonomy of fishes relevant to these
surveys. Names used are those adopted by the American Fisheries
Society (AFS, 1970). Numbers of fish species represented in ANS
collections are shown in Figure 2.7.2.4-1.

None of the above authors except Freeman (1954) has reported
species abundance. Normally, only presence or absence were indi-
cated. Furthermore, a variety of collection techniques were
utilized including hook and line, seining, electrofishing and
toxification with rotenone. ANS collections included rotenone
toxification as a standard technique every year except the initial
year of study (i.e., 1951). The collections were made at differ-
ent times of the year; by different field crews; and at different
locations with a lack of assurance of a consistent level of ef-
fort. Even without species abundance data, however, it is still
- possible to note the disappearances of some species from collec-
tions, as well as the appearance of others. In ANS collections on
the Savannah River, the following species have not been collected
since 1960, although each occurred regularly in collections from
several stations before that date:

1. Channel catfish (Ictalurus punctatus)

2. White crappie (Pomoxis annularis)

3. Johnny darter (Etheostoma nigrum)

The white catfish (Ictalurus catus) has not been taken since 1951
and the quillback (Carpoides cyprinus) has not been taken since
1956. The ohoopee shiner (Notropis leedsii) was not collected for
twenty years (1956-1976), but was taken from all stations before
1956 and again at all stations in 1976. Since the late sixties
there has been a .steady decline in the frequency of occurrence of
the bow fin (Amia calva). During the same approximate period that
the aforementioned species began to disappear from collections,
several other species which had not previously been collected
began to appear and have been present consistently since about
1965. These include:

1. Rosyface chub (Hybopsis rubrifrons)

2. Creek chubsucker (Erimyzon oblongatus)

3. Linde topminnow (Fundulus lineolatus)

This change in composition was approximately coincident with dredg-
ing and channel straightening on the Savannah River and the comple-
tion of the Hartwell Reservoir upstream. Species most affected by



these disturbances have apparently left partially unexploited
niches, which permitted other species to increase in numbers and/
or distribution.

Looking only at the number of species in ANS collections for
the time period (1951-1976), data from all the Savannah River sam-
pling stations follow a similar pattern (Figure 2.7.2.4-1). A
dramatic increase in number of species collected during the second
sampling period (1955-1956) is apparent. The increase can be ex-
plained on the basis of revised methodology (i.e., incorporating
rotenone toxification) and stabilization of water level and
reduced silt load resulting from operation of Clark Hill Dam.
Since 1960, species numbers have gradually declined and become
more variable from station to station and from one sampling year
to the next, but the number of species recorded at a given station
has generally remained in the range of 30 to 40. The decline in
species numbers in collections after 1960 is thought to be attrib-
utable to substrate removal and disturbance and siltation result-
ing from channel modifications between 1956 and 1960.

At Station 2 on Upper Three Runs Creek, 25 species were
reported from the 1951-1952 collections by ANS. The second
collection by ANS (1955) yielded 20 species, and sampling sub-
sequently was discontinued until 1976, when 28 species were
collected at a single sampling in the spring. There is no
historic evidence of changes in the Upper Three Runs Creek
watershed to which any significant changes in species numbersA
may be attributed.

‘Although species diversity in the streams is slightly less
than in the river, a substantial complement of species seldom
encountered in the river dominate the detritivore, top carnivore,
and minnow assemblages of the streams (DOE, 1978). Upper Three
Runs Creek and the adjoining swamp lands serve as important breed-
ing and spawning habitats for shad, herring, striped bass, and
channel catfish. American eel also occurs in its waters.

Four Mile Creek apparently had a diverse fish fauna before
becoming therwally impacted by C Reactor cooling waters. Freeman -
(1954) reported 33 species from Four Mile Creek. Freeman (1954)
reported the American eel as catadromous from Four Mile Creek.
Anadromous blueback herring occurred there also (Smith, et al.,
1973). These listings indicate that originally fish moved freely
throughout Four Mile Creek. Today fish inhabit the lower reaches
near the Savannah River swamp and backwater pools (Langley and
Marter, 1973). McFarlane (19Y7/6) indicates that even the non-
thermal tributaries of thermally stressed streams have lost
several hcadwater species, apparently due to isolation by the
thermal effluent.



With the exception of the mosquito fish, Gambusia affinis,
few fish occur in the main stream of Four Mile Creek when thermal
effluent is present. Mosquito fish are abundant in shallow periph-
eral areas at temperatures up to about 41°C (Falke and Smith, 1974;
Ferens and Murphy, 1974; and McFarlane, 1976). A few centrarchids
may be present at lower temperatures. During reactor shutdown,
the stream returns to ambient temperature and is invaded rapidly
by fish from nonthermal areas (Tinney and Gibbons, 1977).
Centrarchids, especially spotted sunfish and redbreast sunfish,
are common during shutdown. They are eliminated as soon as the
reactor effluent begins again. The diversity and abundance of
species in the headwater tributaries of Four Mile Creek upstream
from the thermal effluent are greatly reduced in contrast to com—
parable areas of Upper Three Runs Creek. McFarlane (1976) col-
lected only four species (Esox niger, Notropis lutipinnis,
Notropis hypselopterus, and Gambusia affinis) from the upper
tributaries of Four Mile Creek. This may be a low estimate,

" however, because Thompson and Gibbons (1978) collected 11 species

(Anguilla rostrata, Aphredoderus sayanus, Erimyzon oblongus,

E. sucetta, EsoxX americanus, Gambusia affinis, Ictalurus natatis,
Lepomis auritus, L. gulosus, L. punctatus and Micropterus
salmoides) from a small tributary, Castor Creek, of Four Mile
Creek. '

Gambusia affinis is an important mosquito control fish. Its
eurythermal nature makes it a potentially useful species in ther-
mally affected waters. At the highest temperatures in sampling
areas from Four Mile Creek, it was the only fish present (Falke
and Smith, 1974; Ferens and Murphy, 1974; McFarlane, 1976).

The fish community of the SRP swamp is poorly known. Its
utilization as a spawning zone and nursery for anadromous shad
and herring has been noted. The influences of thermal effluent
relcases upon spawning success, species movement, and composition
are unknown (DOE, 1978).

B. Fish Species of Special Concern

McFarlane, et al. (1978) summarized much of the impact of SRP
operations ovn fishes of the Savannah River. They list as fish of
special concern the shortnose sturgeon (Acipenser brevirostrum),
the American Shad (Alosa sapidissima), the channel catfish
(Ictalurus puncratus), the striped bass (Morone saxatilis), and
the blueback herring (Alosa aestivalis), and possibly the American
eel (Anguilla rostrata). Of these the American shad, the striped
bass, and the blueback herring are anadromous; that is, migrating
from saltwater to freshwater for spawning. Other anadromous spe-
cies near the SRP include hogchokers (Trinectes maculatus) and
hickory shad (Alosa mediocris). The American eel is catadromous;




that is, migratingAfrom freshwater to saltwater for spawning.
Upper Three Runs Creek and an adjacent floodplain serve as a
spawning zone and nursery for striped bass (McFarlane, et al.,
1978; Langley and Marter, 1973; Clugston, 1973a). The catadromous
American eel occurs in Upper Three Runs Creek (Langley and Marter,
1973; Freeman, 1954).

The only significant commercial species are the American shad
and channel catfish (Goodwin and Adams, 1969). These are exploited
to a limited degree by local fishermen. Sport fishermen are the
principal consumers of other river fishes, principally sunfishes
and crappie. Striped bass are popular quarry of fishermen in the
Augusta area.

Shortnose Sturgeon

The Shortnose sturgeon is the only endangered species of fish
known from the Savannah River (FWS, 1979). It is restricted to
the tidewaters and has not been reported near the SRP.

American Shad

This anadromous species ascends the Savannah River in early
spring as far as the dams upstream from the SRP permit. Thus it
spawns above or near the SRP. The semi-buoyant eggs are carried
downstream past the SRP and can become entrained on intake facil-
ities. Few shad larvae hatch near SRP. Juveniles migrate back up
the river and are attracted to the intake canals; however, they are
only rarely impinged. A few adults, typically emaciated, are
impinged late in the spawning season. American shad commonly die
following their once-in-a-lifetime spawning in southern rivers.
Repeated lifetime spawning has been noted for the Savannah River
(Cooley and Farnworth, 1974). Thus the impact of the SRP upon the
American shad is limited to entrainment of shad eggs for a three-
month period (McFarlane, et al., 1978).

Channel Catfish

This fish is exploited to a limited degree by local fisher-
men. Catfish spawn in nests which they construct and they guard
their eggs and young. Humphries (1965) detailed movements of
channel catfish in Upper Three Runs Creek and the Savannah River.
These fish move into lpper Three Runs Creek in the spring for
spawning in May and June. They move downstream and out of the
stream later in June and July with few remaining year round in the
stream.



Striped Bass

The striped bass has unique spawning habits in the Savannah
River. Some individuals spend most of the year in upstream waters
and migrate downstream for spawning. Since the striped bass is a
free spawner, the eggs must be suspended in the water as they
float downstream before hatching. The eggs are heavier than water
(specific gravity - 1.005), thus there must be vertical turbulence
and a sufficiently long stretch of unimpeded stream bed for the
eggs to travel before they hatch 36-72 hours after being laid.

The last eggs to be observed in the river usually are found at the
end of May (Cooley and Farnworth, 1974). :

Spawning can occur in a portion of a channel upstream from
SRP; congregating occurring near the outfalls of the Augusta
canal and the New Savannah Bluff Lock and Dam (McFarlane, et al.,
1978; Dudley, et al., 1977). Upper Three Runs Creek is reported
also to serve as a spawning zone and nursery for striped bass
(Langley and Marter, 1973; Clugston, 1973a). Dudley, et al.
(1975, 1977) noted that the Little Black River, a small branch of
the Savannah River near Savannah, Georgia, is the most important
spawning ground for striped bass in the Savannah River.

Blueback Herring

This forage fish in the Savannah River has no commercial or
sport fishing value and is essentially unexploited. It ascends
the river to spawn in late spring. The eggs are adhesive and not
entrained but larval fish are entrained. Juvenile fish are typ-
ically not impinged (McFarlane, et al., 1978).

Mosquito Fish

The mosquito fish, because of its eurythermal nature, makes
it a useful species in thermally affected waters such as Four Mile
Creek where it may be the only fish present (Falke and Smith, 1974;
Ferens and Murphy, 1974; McFarlane, 1976). It occurs in large num—
bers along the shallow peripheral areas at temperatures in excess
of 40 degrees Centigrade.

Ce Macro;nvertebrates

Macroinvertebrates as discussed herein include all the inver-
tebrates with the exception of protozoa. In the ANS collections,
data for aquatic insects and other invertebrates were reported
separately. These data have been combined in Table 2.7.2.4-4.

The two groups occupy similar habitats —- they are associated with



the substrate; they are relatively statidnary except as movement
may occur with downstream drift; and they are subject to impact
from similar factors (e.g., substrate disturbance and predation by
fish). Functionally, they are diverse and fulfill the niches of
predators, grazers, filter feeders, and in the case of insects,
are not confined to the aqueous medium for their entire life
cycle. Collections for macroinvertebrates were made in a variety
of ways, including scraping of substrates, dip nets, Needham
Scraper, dredge samples, and sieves. A complete description of
field and laboratory procedures for ANS collections is given by
Patrick, et al. (1967). The number of aquatic macroinvertebrate
species represented in ANS collections are shown in Figure 2.7.2.4-2.

Gold (1952) contains limited data on invertebrates of the
Savannah River and its tributaries and also provides an interest-
ing historical reference. : ‘

Savannah River

A summary of insect and noninsect aquatic invertebrates col-
lected from 1951 through 1976 is presented in Table 2.7.2.4-4.
There is a dominant pattern evident from the table, which began in
the mid-fifties (i.e., 1955-1956). The greatest number of species
collected in a single sampling year was during the initial year of.
the study (1951-1952). Immediately thereafter, the total number
of species collected at every station declined to less than half
that of the initial year. Apparent recovery from this decline did
not occur until the early sixties. Complete recovery has not
taken place even after 25 years. The reduction in the number of
species during the 1950's has been attributed to dredging in the
river, which had been initiated by 1955 (Patrick, et al., 1967).
Stabilization of river discharge and elimination of habitat
through reduction in flooding of back-levee sloughs and ponds may
also have contributed to the decline. The groups most affected by
the river dredging were rotifers, Baetid and Heptagenid mayflies,
Perlid Plecopteéerans, Udonates, Hemipterans, Dystiscid and Gyrinid
Coleopterans, and the Chironomids (formerly Tendipids).

Because macroinvertebrates play an important role in the
aquatic ecosystem, reduction in their diversity and abundance in -
the Savannah River may be responsible for subsequent changes in
fish populations. The elimination of food supply and of selec-
tive grazers and predators may well be responsible for the varia-
bility and instability of other trophic levels. The most dramatic
reduction in populations and species among the noninsectan fauna
occurred in the crustacea, the oligochaete worms and pelecypods.
These groups are sensitive to siltation. Pulmonate gastropods
were also less abundant, but were able to survive by attachment to



several areas of riprap placed prior to 1951 for channel stabili-
zation (Patrick, et al., 1967).

Of the insectan fauna, beetles comprised the greatest num—
ber of species, when all surveys are considered. Mayflies
(Ephemeroptera) and dragonflies (Odonata) were represented by the
largest number of species among the earlier surveys. Following
the drastic decline in species in the period 1955 through 1960,
the Diptera were represented by the most species (Patrick, et al.,
1967), indicating a general decline in environmental quality.

Georgia Power Company, 'in conducting surveys of the Savannah
River in 1971 and 1972 (AWV, 1972, 1974), summarized the benthic
invertebrates as shown in Table 2.7.2.4-5.

The Savannah River supports a diverse benthic fauna in the
vicinity of the SRP site. Most of the suitable habitat is asso-
ciated with areas of shallow water with silted substrate or in
marshy areas and quiet backwaters: The bottom of the river con-
sists primarily of shifting sand that does not provide optimum
habitat for bottom-dwelling invertebrates. The natural history of
the more common invertebrates of the Savannah River is given by
the following synopsis (AWV, 1972, 1974).

Scud - Hyallela

Habitat Preference - Mostly confined to the substrate in a
wide variety of unpolluted streams, lakes, ponds,
and brooks. ‘ ‘

Feeding habits - Omnivorous, general scavengers. They will
consume all kinds .of plant and animal matter. Only
rarely do they attack and feed on living animals.

Breeding - Breeding takes place between February and October,
depending on water temperature. Each female averages
15 broods in 150 days of breeding season.

Leech - Hirudinea

Habitat Preference - Ponds, marshes, lakes, and slow streams
where plants, stones and debris afford concealment.
Feeding habits - Blood suckers, scavengers and predators.
Breeding — Most leeches enclose eggs in a cocoon which is
deposited on or in the substrate between May and
August. Some species produce batches of eggs for
periods of five to six months, and empty.cocoons
may be found as late as October and November.



Midges - Chironomidae

Habitat Preference - Larvae occur everywhere in aquatic vege-
tation and on the bottom of all types of bodies of
fresh water.

Feeding Habits - Larvae chiefly herbivorous and feed on algae,
higher aquatic plants, and organlc detritus. Some are
.predaceous. 4

Breeding - Some species may have a number of generations each
year, and may emerge as adults in such numbers as to
become pests around lake and stream-side areas.

Planeria - Dugesia

Habltat Preference - May be found on or under stones in water
with velocity up to 80-100 cm/sec.

Feeding habits - Living, dead or crushed animal matter.

Breeding -~ Sex organs develop in cool months,. lay eggs in May
and June. Organs degenerate with warm weather; other
reproduction by fission all year long.

Aqﬁatic Earthworms — Oligochaeta

Habitat Preference — Mud and debris of pools, ponds, streams
. and lakes.

Feeding habits - Mud, leaves, etc. which settle out of the
water. :
Breeding - Cocoons of embryos are deposited on rocks, vege-
tation, debris in late summer and early fall.

Snails -~ Physa and Gyraulus-

"Habitat Preference - Shallow areas of reasonably clean, alka-
line streams and lakes. In greatest abundance near
moderate amounts of aquatic vegetation and organic
debris. '

Feeding Habits - Living algae on submerged surfaces. Also
dead algae and dead animal material.

Breeding - Oviposition occurs in spring and may continue into
summer and early fall. '

Dance Flies - Empididae

Habitat Preference -~ Adults frequent moist situations. Some
species live along seashore. Larvae are aquatic.

Feeding Habits — Adults feed on small invertebrates at water's
edge, larvaé have been known to feed on larvae of
Simulium in swift streams. '



Breeding - The immature stages of most groups, where known,
breed in damp earth, decaying wood or vegetatiom,
usually imimwooded areas or under bark of trees.

Black Flies - Simuliidae

Habitat Preferencee—<Larvae occur in the shallows of swift
" water. Thegiare tightly attached to rocks and vege-

‘ : tation. Adelts live near the stream or river.

' Feeding Habits - PAmakton and organic debris strained from
water by antesior fans.

Breeding - May be ftom one to several generations per year,
and adultsptiag be present in such numbers during
certain timesyof the year as to be unbearable.
Females produce irritating bites on warm blooded
animals, andsmay cause damage to livestock. ’

" Caddisfly - Cheumatopsyche

Habitat Preferencee-lllarvae live in retreats: constructed of
a net spuncinrthe current of sSmaller' and warmer
e rivers thamyvHydropsyche. '
Feeding Habits - Dadtoms, algae and higher plants.
e : ' Breeding - Adults¢rawl into water and lay eggs on or under
¢ sticks .or stones.

Caddisfly - Hydropsyche

Habitat Preference:e- Iiarvae build tubelike retreat concealed
in a creviwewir camouflaged by bits of wood, vegecta-
: tion or othEr haterial. Most often found in larger,
o " cooler streams than the Cheumatopsyche.
..Feeding Habits — Feed on a preponderance of diatoms, other
- algae, and fhigher plants.
Breeding -~-Adults #gitach eggs to submerged objects.

Caddisfly - Neureglipsls

Habitat. Preferencesac Larvae build rgtreats such as silken
tunnels oncaquatic plants or burrow into sandy stream
beds. Mosar abundant in:rivers of moderate to rapid

flow. ‘ :
. Feeding ‘Habits - Diatoms, algae and higher plants.
S Breeding — Adults attach eggs to submerged objects.

Caddisfly - Qecelis

Habitat Preferencel- The larvae build a case which is cons-
tructed ofrsand grains cemented together. Abundant
in streamskand lakes in well-aerated water.



Feeding Habits - Predaceous on other invertebrates.
Breeding - Adults attach eggs to submerged objects.

Aquatic snails (Gastropoda) have been collected by the ANS
in surveys of the Savannah River since 1952. Wood and Wineriter
(1979) conducted a more recent survey of the gastropods in 1976
and 1977 including four sites from Upper Three Runs Creek and one
site from Four Mile Creek. Adults of Campeloma decisum and
Lyogyrus granum and eggs of Physella sp. were taken from Upper
Three Runs Creek and adults of Campeloma decisum from Four Mile
Creek.

Upper Three Runs Creek

A few early surveys of invertebrates are available for Upper
Three Runs Creek. The freshwater sponges of the SRP site includ-
ing species for Upper Three Runs Creek and Four Mile Creek were
listed by Penny (1954) and for South Carolina in general by Penny
(1956). Cross (1955) completed a taxonomic survey of the dragon-
flies (Odonata) of Upper Three Runs Creek and Four Mile Creek.
Scott, et al. (1959) listed mayfly nymphs of the genus Tortopus as
common near the mouth of Upper Three Runs Creek and the Savannah
River (see also Gold, 1952). Collections of macroinvertebrates
from Upper Three Runs Creek were also taken at Station 2 by ANS
in 1951, 1955, and 1956. These data as noted earlier are summar-
ized in Tables 2.7.2.4-4 and Figure 2.7.2.4-2.

Insect surveys from Upper Three Runs Creek are numerous.
Scott, et al. (1959) noted the presence of nymphs of the mayfly
genus Tortopus from clay banks near the mouth of Upper Three Runs
Creek. Cross (1955) listed a number of dragonfly species col-
lected from Upper Three Runs Creek and Four Mile Creek observed in
a survey of the SRP site. Collections or sightings of adults were
common near numerous small ponds on these waterways at that time.
Howell and Gentry (1974) in a survey of Upper Three Runs Creek
collected 545 insect individuals representing 54 species. In
their collections, stoneflies (Plecoptera), dragonflies (Odonata),
mayflies (Euphemeroptera), caddis flies (Trichoptera), and aquatic
truebugs (Hemiptera) were well represented with fewer individuals
of aquatic flies (Diptera) and aquatic beetles (Coleoptera). The
diversity index for aquatic insects was 4.4 in Upper Three Runs
Creek, 3.2 in Steel Creek (a post-thermal recovery stream), and
l.2 in Pen Branch (a thermal stream similar to Four Mile Creek).

Aquatic insects were collected from as many different habi-
tats as possible in Upper Three Runs Creek and from two of its
main tributaries, Tinker Creek and Mill Creek, by Harvey (1975).
Both Upper Three Runs Creek and Tinker Ceeek have large areas of



sand, soft silt, and occasional patches of rock substrate. All
streams contained logs, sticks, and limbs which were excellent
substrates for many insects. The mayflies, represented by 27
species, were very common in all tributaries. ~Hexagenia,
Isonychia, Dolania, and Stenonema were the most common genera in
Upper Three Runs Creek. Caddis flies (27 species) were equally
diverse; Triaenodes, Molanna, Pycnopsyche, Hydropsyche, and
Phylocentropus were well represented. The most common stoneflies
were Togoperla, Pteronarcys, Acroneuria, and Perlesta. Twenty-six
species of midges were found in Upper Three Runs Creek. Dragon-
flies, damselflies, spongilla flies, and aquatic bugs were repre-
sented by fewer species.

. The aquatic insects of Upper Three Runs Creek were again sur-
veyed by Morse, et al. (1979) from September 1976 to August 1977,
using a variety of collection methods ranging from benthic net '
collections to light traps. These studies are continuing. At ,

" least 321 species of aquatic insects other. than Diptera were iden-
tified from 28,178 specimens from six sites. Of the more common
species, collected in benthic samples, the majority (21 of 25 spe-
cies) are either climbers, clingers, or sprawlers which require '
solid substrate habitats of various types. The other 4 species

are burrowers in the sandy stream bottom. These 25 species also
represent a broad range of functional groups with organisms in the
stream feeding on drifting detritus, periphyton, allochthonous
materials, and other macroinvertebrates. Vascular plant herbivores
are relatively less common. Trichopterans are the primary fil-
terers and shredders. Species of elmid beetles and mayflies
constitute the most significant sediment feeders and scrapers of
periphyton. The primary predators are stoneflies and gomphid:
dragonflies. -

The aquatic insect fauna of the Upper Three Runs Creek drain-
age basin is unique. . It not only includes rare species, but also
contains species not often found living together in the same fresh-
water system. This spring fed stream is colder and generally
clearer than most surface waters at its low elevation. As a re-
sult, many typically northern and mountain species co—-exist here
with southern lowland species. For example, the species of the
dragonfly genus Ophiogomphus are distributed mainly in northern
North America; the beetle Oulimnius latiusculus is rarely found
away from fast-flowing Appalachian streams; the caddisfly
Lepidostoma carrolli was previously known only from Maine, New
Jersey, and Tennessee; the caddisfly Hydroptila strepha only from
New Hampshire, Pennsylvania, Maine and a mountain stream in Pickens
County, South Carolina, and the caddisfly Triaenodes inflexus only
from the mountains of South Carolina and Tennessee. On the other
hand, the caddisflies Chimarra florida, Neureclipsis melco, and
Agarodes libalis are know only from a few similarly spring~fed,
lowland, southeastern streams. Four species of elmid beetles




(Gonielmis dietrichi, Stenelmis antennalis, S. convexula, and
Microcylloepus pusillus lodingi) are characteristically found only
in the Gulf region (Morse, et al., 1979).

It is clear that the insect fauna of Upper Three Rins Creek
and its tributaries are unusual, reflecting the probability that
the various ecological parameters of the stream are peculiar and
highly variable from one spot to another and that taken together
have persisted here for a very long time. Insect species discov-
ered in the study by Morse, et al. (1979) include a new species
of the beetle genus Stenelmis, at least three new species of
Trichoptera, one new species of the mayfly genus Pseudocloeon, and
apparently a new genus of Chironomidae. Other species are very
rare or their populations in Upper Three Runs Creek are far re-
moved from their usual ranges. There are new state records for a
number of species despite intensive aquatic insect collecting in
recent years over much of the rest of South Carolina (DOE, 1978).

Hobbs, et al. (1977) in a survey of the SRP site listed
nine decapod crustaceans for Upper Three Runs Creek including,
Palaemonetes paludosus, Cambarus latimanus, Procambarus hirsutus,
Faxonella clypeata, Procambarus troglodytes, Procambarus
pubescens, Procambarus acutus acutus, Procambarus raneyi, and
Cambarus sp. He gave a brief description of their life history
and ecology.

Four Mile Creek

Less information is available on the macroinvertebrate pop-
ulations in Four Mile Creek. The available data indicate that
invertebrate populations downstream from the heated effluents from
C Reactor are limited. Upstream, populations are more restricted
in their diversity and abundance due to the isolating influence of
high temperatures on recruitment from downstream. The insect
fauna are expected to be better developed than the fish [auna
due to the ability of insects to reinvade during adult flight
(McFarlane, 1976). Howell and Gentry (1974) noted a marked de-
cline in insect diversity in the thermally impacted Pen Branch
with the most common insects being aquatic true-bugs (Hemiptera)
and flies (Diptera, primarily Chironomidae). Almost 96 percent of
the aquatic insects collected in the thermal stream were of two
species, a corixid backswimmer (Hewmiptera) and a chironomid
(Diptera) (Gibbons and Sharitz, 1974; Howell and Gentry, 1974).

Nymphs of dragonflies from Four Mile Creek have been used to
study the effects of thermal effluents by a variety of investi-
gators (Martin and Gentry, 1974; Garten and Gentry, 1976; and
Martin, et al., 1976).



The insect fauna for the non-thermal portions of Four Mile
Creek are not well known, but may be similar.in part to Castor
Creek. Cain (1977) surveyed the summer aquatic insects of Castor
Creek, a small tributary, just south of C Reactor. The creek runs
through a mixed pine and decidious woods and had been used to re-
ceive cooling water. A great amount of erosion occurred and as a
result Castor Creek is now located in a ravine. The bed is sandy
with small stones in some areas and beaver dams have modified the
creek, creating a series of riffles and pools. Much of the creek
is unshaded and has a diverse plant community with numerous spe=-
cies of macrophytes. Most of the insects collected from the creek
inhabitated the vegetation or the debris and not the sandy bottom.
Dragonflies (especially a species of the genus, Argia) and two
species of caddisflies (Trichoptera; Hydropsyche spp.) were abun-
dant. Only one species of stonefly occurred. Mayflies, aquatic
Hemiptera, dobsonflies (Megaloptera), aquatic moths (Lepidoptera),
~beetles (Coleoptera), aquatic flies (Diptera, especially

chironomids) were collected (Gillen, 1977a, 1977b).

Information on the insects of the upper reaches of Four Mile
Creek south of F and H Areas is not available. However, Hobbs,
et al. (1977) reported two species of decapod crustaceans from
Four Mile Creek, Cambarus latimanus and Procambarus hirsutus.
Both were from the non-thermally stressed areas south of F and
H Areas. Their presence would indicate that a macroinvertebrate
food supply exists.

D. Protozoa and Other Microinvertebrates

Protozoa have been surveyed since 1951 in the Savannah River
and are listed in the various ANS surveys and summaries. The most
important summaries are those of the ANS (1970b) and Patrick, et al.
(1967). All major groups (i.e., ciliates, flagellates, and
sarcodinids) are well represented. Table 2.7.2.4-6 lists the
common species found in the Savannah River. )

Rotifers, crustacean nauplii, copepods, and cladocerans com-
monly occur in Savannah River waters in addition to the protozoa.
A species list of the rotifers can be found in Patrick, et al.,
1967.

E. Amphibians and Reptiles

A recent account of the state herpetofauna of South Carelina
has not been published. The most pertinent regional work is Rep-
tiles and Amphibians of Alabama by Mount (1975). Gibbons and
Patterson (1978) and Gibbons (1977) contain the most up-to-date
listings of reptiles and amphibians for the SRP and an excellent
listing of pertinent references. Freeman (1955a, 1955b, 1955¢,




1956) listed the amphibians and reptiles found on the SRP from
early surveys of the plant site. Penney (1952) listed the amphib-—
ians and reptiles for South Carolina plus gave & bibliographic
listing. Gibbons (1970) and Bennett, et al. (1970) discuss the
typical biota of a small lake, Ellenton Bay, on the SRP site with
particular emphasis on aquatic turtle activity. Bourque and Esch
(1974) discuss the occurrance of parasites in turtles from ther-
mally altered and natural aquatic communities.

Extensive habitats are available for amphibians and reptiles
which frequent or rely on aquatic environments. Upper Three Runs
Creek plus the mile or more of cypress-gum swamp associated with
it afford unique habitats for herpetological study. Aquatic and
semi-aquatic reptilian and amphibian species undoubtedly constitute
a major animal component of this stream community.

Brisbin, et al. (1974) listed among the aquatic snakes of
the SRP site the Rainbow snake (Abastor erythrogrammus), Cotton-
mouth (Agkistrodon piscivorus), Mud snake (Farancia abacura),
Red-bellied water snake (Natrix erythrogaster), Banded water snake
(Natrix sipedon), and Brown water snake (Natrix taxispilota). The
common water snake (Natrix fasciata) occurs with regularity in the
swamplands (SREL, 1979).

Alligator (Alligator mississipiensis)

The American alligator is listed as endangered by the Fish
and Wildlife Service, Department of Intericr (FWS, 1979).

Freeman (1955c) reported two specimens of alligator in early
surveys of the plant site. In 1963, Jenkins and Provost, esti-—
mated that about two dozen alligators occur on the SRP. Sightings
included individuals on Lower Three Runs Creek, Par Pond, Steel
Creek, and one at "Kennedy's Pond” on Upper Three Runs Creek.

More recent estimates (Murphy and Brisbin, 1974; Murphy, 1979a,
1979b) raise this estimate to approximately 100 adult animals in
the Par Pond reservoir system.

Alligator activity in Four Mile Creek is unlikely above the
creek delta because of the thermal effluent from C Reactor.
Murphy (1979b) in repeated visits to the Four Mile Creek delta
did not observe any alligators. Upper Three Runs Creek upstream
from Road F and Tinker Creek are not suitable for alligators
because of the swift current and steep banks. However, dammed
portions of the stream may support limited numbers of alligators.
Upper Three Runs Creek between Road F and Road A would be classi-
fied as marginal alligator habitat. That portion of Upper Three
Runs Creek downstream from Road A is also marginal, but limited
alligator activity could occur, particularly in oxbow lakes. No



alligators were observed by Murphy (1979b). Nests have been found
near Upper Three Runs Creek (Gibbons and Patterson, 1978).

The Savannah River swamp would appear to be suitable alli-
gator habitat with slow-moving channels, deepwater sloughs, nesting
areas, and prey species, such as gar and turtles. However, alli-
gators are only rarely observed in the swamp and only low densities
would be expected -in that- portion of the river swamp which borders
the SRP site (Murphy, 1979b). Beaver Dam Creek, near Four Mile
Creek, however does have a moderate alligator population (Murphy,
1979b).

F. Waterfowl and Other Birds

Waterfowl form a conspicuous segment- of the fauna on the SRP..
It is estimated that approximately 10,000 ducks and coots (Fulcia
americana) over winter in the area. Most occur on Par Pond and
other larger ponds and Carolina Bays which dot the SRP. Perhaps
2,000 over winter in the lower swamp bottomlands and on the Savannah
River. Included in the migratory species are Black Ducks (Anas
rubripes), Mallards (Anas platyrhymchos), Gadwall (Anas strepera),
Pintail (Anas acuta), Bladpate (Mareca americana), Blue-winged Teal
(Anas discors), Green-winged Teal (Anas carolinensis), Wood Ducks
(Aix sponsa), Shoveller (Spatula clypeata), Ruddy Ducks (Oxyura
jamaicensis), Ringnecked Ducks (Aythya collaris), Lesser Scaup
(Aythya affinis), American Mergansers (Mergus merganser), and Pied-
billed Grebes (Podilymbus podiceps). Fewer than a dozen Canada
Geese (Branta canadensis), Blue Geese (Chen caerulescens), and Snow -
Geese (Chen hyperborea) were recorded in 1960 and 1961 (Jenkins and
Provost, 1963). Two species of ducks, wood ducks and, infrequently,
mallards, have been recorded as nesting in the SRP area. Wood ducks
are by far the most common nesters with perhaps 500 as residents.
This number increases in winter from migration. A few Mississippi
Kites (Ictinia mississippiensis) are resident in the swamplands.
No heron rookeries are known for the SRP although several species
of egrets , herons, and ihis are seen (Jenkins and Provost, 1963;
Stranley, Briese, and Smith, 1974). Brisbin (1974) described the
abundance and diversity of waterfowl inhabiting heated and unheated
portions of Par Pond. For a more complete listing of the birds of
the SRP area the listings by Norris (1953) should be consulted.
Cooley and Farnworth (1974) list the birds for the Savannah River
basin. . : :

The bird populations of the Four Mile Creek swampland are
expected to be similar to those of the thermally impacted Fen
Branch as described by Stranley, Briese, and Smith (1974). Wood-
peckers, for example, take advantage of standing dead trees for
food and shelter in thermally affected areas of the swamp and show
increases in their populations. Opening of the canopy also leads



to an increase in the numbers of crows and herons. However, a
decline or loss of most of the small passerines, as common to the
canopy and understory of Upper Three Runs Creek, has occurred. '
The remaining passerines find limited sites for perching and feed-
ing in the sparse vegetation growing in the silt around the dead
trees of the thermally impacted swamp.

G. Mammals of Interest

Beaver (Castor canadensis)

Beaver colonies are scattered throughout the SRP site, includ-
ing the tributaries of Upper Three Runs Creek, Castor Creek, the
non-thermal portions of Four Mile Creek, and the river swamp
(Fitzgerald, 1979). The slow moving streams and dense soil banks
are good habitat for beaver. Most of these animals utilize lodges,
although at times bank dens are seen. For example, on the one mile
length of Castor Creek, a tributary of Four Mile Creek, 22 beaver
dams were noted (Cain, 1977). Extensive habitat is available and
flooding conditions make travel easy for these animals. Girdled or
barked sweetgum, holly, alder, dogwood, yellow poplar, and blue-
beech are seen and even occasionally pines are girdled (Fitzgerald,
1979; Jenkins and Provost, 1963). During the summer months aquatic
vegetation is utilized more heavily (Jenkins and Provost, 1963).
Beaver were taken in 1977 in the SRP monitoring program from Tims
Branch of Upper Three Runs Creek and Four Mile Creek (Ashley and
Zeigler, 1978).

Otter (Lutra caunadensis)

Otter have been sighted or listed in a variety of locations
including Upper Three Runs Creek (SREL, 1979). The number of
otters has been estimated at 75 to 100 animals on the SRP (Jenkins
and Provost, 1963). Fitzgerald (1979) reported otter tracks on
Tim's Creek of Upper Three Runs Creek and on the non-thermal seg-
fents of Four Mile Creek. This animal has esthetic appeal and as
such is a desirable member of the fauna, ‘

Mink (Mustela vison)

Mink have been sighted and taken in traps on the SRP but
extensive studies along the streams have not been conducted
(Jenkins and Provost, 1963).



Muskrat (Ondafra zibethica)

Although SRP is barely within the range of the muskrat no
signs of the animal were found by Jenkins and Provost (1963).
forestry Project records indicate sightings on three occasions.

Raccoon (Procyon lotor)

Intensive studies of raccoons in the south-central portion
of the SRP on the Sunderland Coastal Terrace indicated that this
area of about 2,100 acres is good-to—-fair raccoon habitat. This
habitat is adjacent to the Savannah River floodplain between Pen
_Branch and Four Mile Creek and is typical of ecological conditions
on approximately one fourth or 52,000 acres of the SRP. Using a
variety of trapping, as well as mark-and-recapture techniques,
Jenkins and Provost (1963) estimated that the total raccoon pop-
-ulation on the SRP is approximately 13,000 animals or about 64
animals per square mile in the more favorable habitats. Raccoons
made up of 21 percent of the furbearers collected by Wood and Odum
(1965) in a survey of the fox, bobcat, skunk, and opossum popula-
tions of ‘the SRP. Their numbers appeared to fluctuate very little
over the time period from 1954 to 1962. They also noted more ani-
mals within the terrace subregion of the SRP. Fitzgerald (1979)
noted the wide occurrance of raccoon as evidenced by tracks along
the waterways of the SRP site.

2.7.2.5 Rare or Unique Biota

The South Carolina Wildlife and Marine Resources Department
maintains a listing of confirmed sightings and collections of
biota assigned as endangered, threatened, or of special concern on
a statewide, regional, or national basis (Greeter, 1979). Table
2.7.2.5-1 is a listing of rare or unique aquatic species occurring
or expected to be found in streams of Aiken, Barnwell, and Allendale
Counties. The existence vl seven species of vascular aquatic plants
having special status has been confirmed in the area. Three other:
species of vascular aquatic plants are considered as possible en-
demics. Of these only pink tickseed (Coreopsis rosea) has been
collected on the SRP site (Langley and Marter, 1973).

Anong the herpetiles, five aquatic vertebrates are of concern
or eundangered. Of these only the American alligator (Alligator
zississippiensis) is on the federal list of endangered species
(FWS, 1979). As noted iu Subseclion 2.7.2.4, the American alli-
gator has wlde distribution on the SRP site. The spotted turtle
(Clemmys guttata) has been reported from Upper Three Runs Creek
(Greeter, 1979). Gibbons and Patterson (1978) report that the few
specimens that have been collected have come from specimens picked




up on highways; Freeman (1955b) also collected one specimen of
this species. The eastern bird-voiced frog (Hyla avivoca) is
locally common with the greatest concentrations apparent in the
river swamp, particularly in association with cypress trees. A
large chorus of these frogs has been observed behind the Hog Barn
near Road A-13 (Gibbons and Patterson, 1978). The subspecies

H.- a. ogechiensis has not been reported for the SRP site. The
‘eastern tiger salamander (Ambystoma tigrinum tigrinum) is found
throughout the SRP site (Gibbons and Patterson, 1978). The Pine
barrens tree frog (Hyla andersoni) has not been reported for the
SRP site.

Other listings of endangered, threatened, rare, or species of
special concern for the Savannah River basin can be obtained from
such sources as BNFP (1971), and Cooley and Farnworth (1976).

2.7.2.6 Reserve Areas
Two Reserve Areas are of special concern because of their

proximity to Upper Three Runs Creek (Beech-Hardwood Forest
Reserve) and Four Mile Creek (Mixed Swamp Forest Reserve).

A. Beech-Hardwood Forest Reserve

The Beech-Hardwood Forest Reserve covers 118 acres of flood-
plains and ravines northeast of Road A and east of Upper Three
Runs Creek. Approximately one-half of the reserve lies within the
floodplain of Upper Three Runs Creek. Logging has occurred in the
past and most of the logging- was apparently limited to the flood-
plain. The floodplain forest is dominated by red maple (Acer
rubrum), yellow poplar (Liriodendron tulipifera), Southern magnolia
(Magnolia grandiflora), and sweetgum (Liquidamba styraciflua).
Common mammals include among others, otter (Lutra canadensis) and
raccoon (Procyon lotor). Cottonmouths (Agkistrodon piscivorous),
brown water snakes (Natrix taxispilota), and aquatic turtles are
common. The dwarf waterdog (Necturus punctatus), and aquati¢ sal-
amanders occur also (SREL, 1979).

B. Mixed Swamp Forest Reserve

The Mixed Swamp Forest Reserve covers 91 acres of aquatic,
semi-aquatic, and terrestrial habitat. The reserve is bordered on
the northeast by Road A-13 southwest of the Four Mile Creek delta
and extends from the roadway into the floodplain of the Savannah
River. The dominant overstory growth in this area -consists of
bald cypress (Taxodium distichum), water tupelo (Nyssa aquatica),
sweetgum (Liquidambar styraciflua), willow oak (Quercus phellos),




swamp chestnut oak (Q. michauxii), and water oak (Q. nigra). The
understory species vary from reeds and sedges in the damper por-
tions to saw palmetto (Serenoa.repens) and grass on higher areas.
Common mammals include among others otter (Lutrad canadensis) and
raccoon (Procyon lotor). The great blue heron (Ardea herodias)
feeds in the sloughs and cypress ponds of the swamp. The cotton-
mouth (Agkistrodon piscivorous), snapping turtle (Chelydra
serpentina), bullfrog (Rana catesbeiana), and common water snake
Natrix fasciata) are common. The bird-voiced tree frog (Hyla
avivoca), an uncommon resident of southern river swamps, is known
to breed throughout the Savannah River floodplains (SREL, 1979).

2.7.2.7 Existing Stresses on the Biological Syétems

A.. Savannah River Water Quality

Historically, the Savannah River has been subjected to many
factors that affect the water quality (EPA, 1971; Hawkins, 1976).
Completion of the Clark Hill Dam upstream caused the silt load and
turbidity to decrease. The downstream reaches were dredged for
improvement of channel alignment and navigability (1951 to 1956).
The dredging caused a temporary increase in suspended load, turbid-
ity and dissolved nutrients. Improved water treatment by munici-
palities has reduced nutrient and BOD loading, but industrilization
in the basin has brought about additional waste loading. Variabil-
ity in the ranges of all parameters has been reduced over the last
15 years, primarily as a result of flow stabilization by upstream
control structures. Water quality data for water year 1978 for the
Savannah River upstream and downstream from the Savannah River
Plant are provided in Tables-2.7.2.7-1 and 2.7.2.7-2, respectively.

In general, the river has a slightly acid pH, but there is
considerable variation in the data. The Savannah River water' is
relatively soft, well oxygenated and low in chemical and biological
oxygen demand. Temperature, as shown in Tables 2.7.2.7-1 and
2.7.2.7-2, ranges from a low of 8 to 9 degrees Centigrade (February
to March) to a high of greater than 24 degrees Centigrade (August
to September). The net increase in water temperature of the
Savannah River from above to below the Savannah River Plant is
approximately 1.2 degrees Centigrade for the month of July 1977.

Of this, about 0.8 degree Centigrade is attributed to natural
increase from lessening of the grade, slowing of current, and
exposure to warm air and sunshine. The remaining 0.4 degree
Centigrade increase can be attributed to the influx of cooling
water effluent from Four Mile Creek and other streams draining
from the Savannah River Plant (Brown, et al., 1972; USGS, 1978b).



The Savannah River has been designated by the South Carolina
Department of Health and Environmental Control as a Class B
stream -—- suitable for domestic supply usage -- from Jackson,
South Carolina, to U.S. Highway 17 near Savannah, . Georgia (ER,
1978). Upper Three Runs Creek and Four Mile Creek are not clas-
sified because of their restricted public access.

B. Water Quality of DWPF Site Streams

Water quality monitoring programs presently administered on
the Savannah River Plant include monthly measurements of standard
water quality parameters at the following stations:

1. Upper Three Runs Creek at Route 278

2. Upper Three Runs Creek at Road A

3. Upper Three, Runs at Road C, Flowing Streams Laboratory
4. Upper Three Runs, Tims Branch at Road C

5. Four Mile Creek at Road A+7

6. Four Mile Creek at Mouth

7. Savannah River above the Savannah River Plant

8. Savannah River below the Savannah River Plant

The ranges of the monthly measurements and annual means are
reported for each station. Water quality data for Upper Three
Runs Creek, Four Mile Creek, and the Savannah River below the
Savannah River Plant are summarized for the years 1974 through
1977 in Table 2.7.2.7-3.

To complement the data described above, cursory field inves-
tigations and water sampling-of minor streams draining the DWPF
site and near vicinity were conducted (SAR, 1980). These data are
reported in Table 2.7.2.7-4. Descriptions of the sampling loca-.
tions are provided in Table 2.7.2.7-5 and Figure 2.7.2.1-2.

Effluents to site streams originating on the Savannah River
Plant are designated under NPDES permit SC 0000175 by the U.S.
Environmental Protection Agency, Region IV, Atlanta, Georgia.
Seventeen of the designated discharges originate on Four Mile -
Creek, Upper Three Runs Creek, or the Savannah River in the reach
between these two streams. These are identified in Table 2.7.2.7-6
by NPDES outfall number, source, receiving stream, and the esti-
mated volume and type of waste. The discharges include cooling
water effluents, wastes from water treatment facilities, and sur-
face runoff from coal piles and ash dumps associated with power
generating facilities at the Savannah River Plant.

Ef fluents to Upper Three Runs Creek are received through
Tims Branch. These include process wastes, cooling water and
surface runoff, which range in total discharge from approximately



200 to 1,000 gallons per minute. Runoff occurs from F and H Areas
also (Table 2.7.2.7-6). Water quality data for Upper Three Runs
Creek are presented in Table 2.7.2.7-7.

The most significant influence on the water quality of Four
Mile Creek is the volume of once through cooling water it receives
from the C Reactor (Brown, et al., 1972). Temperatures in the
stream may range from less than 10 degrees Centigrade during
reactor shutdown in winter to greater than 40 degrees Centigrade
during summer. Gibbon and Sharitz (1974) report temperatures in
excess of 50 degrees Centigrade. Mean summer temperatures are in
excess of 34 to 38 degrees Centigrade. Below the receiving point
of the heated effluent, Four Mile Creek is not considered a natural
stream and the monitoring point for purposes of permitting is its
confluence with the Savannah River (Table 2.7.2.7-8).

C Reactor cooling water is discharged at an elevation of 248
ft mean sea level to an 80-ft-wide canal structure, flows through
it for about 2500 ft, and converges with a small branch of the
creek. The canal contains several letdown structures, which aid
in erosion prevention and accommodate the drop to the natural
stream bed elevation. The effluent then joins with the main branch
of Four Mile Creek and flows about seven miles before emptying into
the swamp nine to twelve hours after discharge from the reactor
heat exchangers. The effect of this increased water flow on flow
patterns in the swamp and routes to the points of discharge to the
river are discussed by Gibbons and Sharitz (1974) and Sharitz,
et al. (1974a,b).

Thermal data on Four Mile Creek during C Reactor operation
are summarized in Tables 2.7.2.3-3 and 2.7.2.7-9, showing three
typical temperature profiles from the reactor outfall to a point
just above Cassels' Pond (Brown, et al., 1972). The creek, at
least from the point of C Reactor discharge to the lower reaches,
no longer sustains a viable fish population. o

Above the receiving point of the cooling water (i.e., Road
A-7), the stream differs from other natural strcams in the area.
Effluents from F and H Areas cause an increase in hardness, nutri-
ent content and levels of trace metals. Compared to Upper Three
Runs Creek, pH is higher, and total dissolved solids and volatile
solids normally are higher. Water quality data for Four Mile
Creek are presented in .Table 2.7.2.7-10.

c. Radioactivity of SRP Streams

Savannah River - Radioactivity

The SRP is drained by five streams that flow to the Savannah
River. The primary sources of the radiocactivity that reaches the



river are the reactor facilities. Tritium accounts for the
largest quantity of radioactivity released by the reactors to the
effluent streams.

River water is sampled -above and below the plant and analyzed
weekly. Concentrations of alpha, nonvolatile beta emitters, and
tritium in river water are summarized in Ashley (1972) and Ashley
and Zeigler (1973, 1974, 1975, 1976, 1978). The alpha and beta
values represent the radioactivity associated with dissolved and
suspended solids and are near or less than the sensitivity of
analysis. Upstream measurements are attributed to natural
radioactivity and worldwide fallout from nuclear weapons tests.
Downstream measurements reflect these sources plus releases from
SRP.

Tritium, trace amount of Cs-137, and Sr-90 were the only
radionuclides of SRP origin detected in river water at the
downstream location. Sr~90 and tritium from worldwide fallout
were also detected in river water upstream from SRP effluents.
Average concentrations of all radionuclides found in river water
during 1978 are given in Table 2.7.2.7-11.

Tritium Balance in Streams and River

Since 1964 tritium released to plant streams from all known
sources has been compared with that analyzed in streams at Road A
locations and in the river below SRP at Highway 30l. Data for 1977
are presented in Table 2.7.2.7-12. Previous comparison of tritium
releases with measurements of tritium in plant streams and the
river are summarized in Table 2.7.2.7-13. The overall difference
(1964-1977) between measured released and the total measured at
Road A locations is <17% and at the Highway 30l Savannah River
bridge, <6%. Contributions by stream source are given in Table
2.7.2.7=14.

Migration of Radioactivity from Separations Areas Seepage Basins

Migration of activity from F- and H-Area seepage basins is
measured with continuous flow recorders and samplers in Four Mile
Creek. Total radioactivity measured in 1977 was: Sr-90, 0.65 Ci
from F Area, and 0.0l Ci from H Area; tritium, 3657 Ci from F Area
and 4526 Ci from H Area. Cs-137 from seepage basins is obscured by
the desorption of Cs-137 from the streambed,

Tritium, Sr-90, and Cs-137 in Four Mile Creek during 1977 are
shown in Table 2.7.2.7-15. Ground water from H-Area basin 1 enters
Four Mile Creek between sampling locations 2 and 3 and from H-Area



basin 4 between sampling locations 3 and 4. Ground water from
F-Area basins enters Four Mile Creek between sampling locations
6 and 7 (Figure 2.7.2.7-1).

Between 1954 and 1977, the F-Area seepage basins received

approximately 40.7 Ci of Sr-90, and the H-Area basins approximately
36.6-Ci.

D. Radionuclides in Fish

Fish are trapped in plant effluent streams and in the Savannah
River upstream, adjacent to, and downstream from the SRP effluents.
Individual whole fish are analyzed by gamma spectrometry for Cs-137
and other gamma-emitting radionuclides; bone from each specimen is
- composited monthly for Sr-89,90 analysis.. Fish flesh samples are
also freezefdried for tritium analysis.

During 1977, the radioactivity in bone and flesh showed only
minor contribution by SRP. Thirty-seven river fish (20 collected
above, 7 adjacent to, and 10 below the plant) were radioanalyzed.
Concentrations of Cs-137 in all fish were near or less than the
sensitivity of analysis (approximately 0.2 pCi/g). Tritium in fish
from the river reflect SRP contribution to tritium concentration in
the water. The 1977 results are similar to those observed during
the past 7 years as shown in Table 2.7.2.7-16. Maximum concentra-
tions of Cs-137 and tritium in plant stream fish were measured in
fish collected in Four Mile Creek. These concentrations were
16 pCi/g of Cs=137 in a bream, and 6 pCi/mL of tritium in a bass
(Ashley and Zeigler, 1978).

Summaries for fish for 1977 are shown in Table 2.7.2.7-17.

E. Polychlorinated Biphenyls (PCB's) in Fish

Because annual analyses of sediment from SRP streams and the
Savannah River have shown some low concentrations of polychlor-
inated biphenyls and because fish concentrate PCB's, five samples
of bream, sucker, or pike from plant streams and the Savannah
River were collected during March, 1977, and analyzed by Stewart
Laboratories, Inc., of Knoxville, TN. Collections were made in
Four Mile Creek, above and below the C-Area cooling water efflu-
ent, Tims Branch, and in the river above and below SRP. All
sample results were less than 0.05 ppm. Although the Environ-—
mental Protection Agency has not established maximum contaminant
levels for PCB's in drinking water regulations, the Food and Drug
Administration has recommended a-5 ppm tolerance level for PCB's
in fish and recently proposed a change to 2 ppm.



F.

Mercury in Fish

Mercury was detected in river and stream fish in analyses
beginning in July, 1971, and the levels in fish have changed very
little since that time. Initially, individual fish were analyzed.
In 1972, fish samples were analyzed quarterly by species com—
posites - bream, bass, and catfish. From 1973 through 1975,
species composites were analyzed semiannually; and in 1976 and
1977, plant streams and river fish were again analyzed individ-
ually. Annual mercury averages for three species of river fish,
bass, bream, and catfish are shown in Table 2.7.2.7-18 and
2.7.2.7-19. In 1977, maximum concentrations of mercury measured in
river fish were 1.9 pg/g in bream and catfish collected upstream
from the plant at the control river location, and 1.8 pg/g in cat-
fish collected downstream at Highway 301l. Stream fish showed a
maximum mercury concentration of 1.8 ug/g in Par Pond bass. The
contribution of the burial ground to mercury levels of Four Mile
Creek has been estimated at approximately 0.2 ppb (Orebaugh and
Hale, 1976).

Ge. Pesticides in River and Streams

Arrangements were made in 1971 for the United States Geolog-
ical Survey (USGS) Water Quality Laboratory, Washington, DC (now
located in .Atlanta, GA), to analyze water and sediment from SRP
streams and the Savannah River for pesticides. Water samples were
previously analyzed for pesticides by the Federal Water Pollution
Control Administration (now Environmental Protection Agency) at
Athens, GA, and all results were less than sensitivity of analyses.
Gas chromatographic analyses in 1977 also show concentrations of
pesticides in river water both upstream and downstream from the
plant to be less than the sensitivity of analyses (<0.05 pg/L).
The analyses performed on the water and sediment samples collected
from seven plant streams and two river locations for 25 pesticides
and polychlorinated biphenyls (PCB's) under contract with thc U.S.
Department of Interior Water Quality Laboratory in Atlanta, GA,
are shown in Table 2.7.2.7-20 (Ashley and Zeigler, 1978).

River sediment collected upstream from SRP in 1977 showed
trace quantities of dieldrin, DDD, DDE, and DDT. Low concentrations
of several pesticides were detected in sediment from one stream (Pen
Branch at road A). Four water samples from monitoring wells around .
the pesticide container landfill were also analyzed. Trace dieldrin
(0.22 pg/L) was reported for one well. This pesticide is not uced
at SKP. Some pesticides and herbicides are used moderately, how-
ever, where insect and vegetation control is necessary for security
and safety. Some herbicide and chemical treatment is also carried
on by the U.S. Forest Service in timber management but the use
is limited. Results of the river sediment analyses by the USGS



laboratory are shown in Table 2.7.2.7-21. No pesticide concentra-
tions were given for Upper Three Mile Creek for October, 1975,
through September, 1978, in samples taken at Highway 278 (USGS,
1977, 1978a, 1979). The pattern of concentrations.detected in sed-
iment continues to indicate that offplant sources are the primary
contributors. Possible offsite sources for pesticides found in the
river include domestic and industrial discharges and drainage from
urban and agricultural areas.

H. Fecal Coliform Bacteria in River and Streams

Water samples are collected weekly from the Savannah River and
. SRP streams and analyzed for fecal coliform. More fecal coliforms
are present in river water upstream of SRP (320 colonies/100 mL)
than in downstream samples (100 colonies/100 mL). The lower down-
stream concentrations are influenced by river water that is heated
in the reactor areas and discharged from SRP back into the river.

Concentrations of coliforms in SRP effluent streams averaged
34 colonies/100 mL in Pen Branch at road A to 130 colonies/100 mL
in the D-Area effluent. The D-Area value is slightly higher than
that in the control location on Upper Three Runs Creek at road F
(74 colonies/100 mL). Summaries for plant streams for 1977 are
given in Table 2.7.2.7-22.

I. Landfill near Upper Three Runs Creek and Road C

Samples are collected from one sanita}y landfill well per
month on a rotating basis to provide three samples per year for
each of the four wells. Samples are filtered with "Millipore”
(0.45 p) filter paper before being analyzed for metals because
tests in 1975 indicated that elevated aluminum, total irom, and
lead were present in the solids fractions of the samples. Data
for 1977 are summarized in Ashley and Zeigler (1978). Metals and
other analyses are withiu ranges found in plant streams.
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TABLE 2.7.2.1-1

Typical Trees, Shrubs, ¥ines, and Herbaceous Plants Found in Wet Areas along Upper Three
Runs Creek (Modified from Whipple, 1978)

Trees

Taxodium distichum

Nyssa aquatica

Fraxinus americana

Betula nigra

Ulmus americana

Nyssa sylvatica

Quercus laurifolia

Acer rubrum

Liquidambar styraciflua

Shrubs

Itea virginica

Vines

Mikania scandens

Ilex decidua

1

Ampelopsis arborea

Smilax sp.

Rhus radicans

Campis radicans

Herbs

Onoclea sensibilis

Arundinaria gigantea

Saururus cernuus

" Boehmera cylindrica

Panicum sp.
Violoa sp.

Leersia sp.

Polygonum sp.

Pilea pumila

Ludwigia sp.

Peltandra virginica

Carex sp.
Hypericum sp.

Osmunda cinnamonea

Orontium aquaticum




TABLE 2.7.2.2-1

Academy of Natural Sciences Aquatic Collections

Reported, 1951-1977 (1)
Sampling | |
Year

1951-1952

1955-1956

1960

1965

1968

1972

1976

(1) Sources:

(2) First Quarter
Second Quarter
Third Quarter
Fourth Quarter

Jan 1 - -Mar 31
Apr 1 - June 30

July 1 - Sept 30

Oct 1 - Dec 31

éampling Stationé by Quarter(Z)

1 2 3 ) 6
123412341234123412314
XXXXXXXXXXXXXXXXXXXX

X X XX XX X X X X
X X X X X X X X
X X X X X x X X
X X X X X X X' x
X X X X X X X X
X X X X
Academy of Natural Sciences of Philadelphia.



TABLE 2.7.2.2-2

Sources of Information for Characterization of the Baseline Aquatic Ecology
of Streams Impacted by the Proposed DWPF

Subject

Fish

Fish

Channel Catfish

Fish
Fish

Fish

Mosquito Fish
(Gambusia affinis)

Mosquito Fish
(Gambusia affinis)

Mosquito Fish-
(Gambusia affinis)

Largemouth bass,
mosquito fish,
and bluegill

Fish

Fish

Fish

Comment and/or Location

All streams - SRP

Movements in Upper Three Runs Creek

and the Savannah River

General listing .

All SRP streams

Impingement and entrainment at SRP,

migration and spawning Upper Three
Runs Creek

Fat content in G. affinis from Upper -

Three Runs Creek and Four Mile Creek

Populations of G. affinis in Four
Mile Creek

Genetic diversity on SRP site
Binchemical genetics of sunfish
from Upper Three Runs Creek, Four

Mile Creck, and thermal waters.

Invasion of post-thermal habltats,
Four Mile Creek

| Species diversity in Castor Creek,

a tributary of Four Mile Creek

All SRP streams, NERP baseline study

" Amphibidns and Reptiles

Salamanders
Toads and frogs

Amphibians and
reptiles:

Snakes and other
reptiles

Entire SRP

Entire SRP

Entire SRP

Entire SRP

Reference

Freeman (1954)

Humphries (1965)

Clugston (1973)

McFarlane (1976)
McFarlane, Frietsche, and
Miracle (1978)

Falke and Smith (1974)
Ferens and Murphy (1974)

Smith (1979)

Yardley, et al (1974)

Tinney and Gibbons (1977)
Thomson and Gibbons (1978)
Bennett and McFarlane (1979)
Freeman (1955a)

Freeman (1956)

Gibbons and Patterson (1978)

Gibbons (1977)



TABLE 2.7.2.2-2 (continued)

Subject

Comment and/or Location

Amphibians and Reptiles

contd

- Turtles

Turtle parasites

Alligators, lizards
and snakes
Alligators
Alligators

Birds
Birds
Bird diversity

Waterfowl

‘Mammals

Furbearers

Odonata
(dragonflies)

Aquatic insects

Aquatic insects

Dragonfly nymphs

Entire SRP

Collections from Upper Three Runs Creek
and Four Mile Creek of emydid turtles
and associated parasites

Entire SRP

Sighting on Kennedy's Pond in Upper
Three Runs Creek

Entire SRP, including Upper Three Runs
Creek and Four Mile Creek

Entire SRP

Bird diversity in Upper Three Runs
Creek, cypress swamps versus thermally
impacted areas

Entire SRP

Beaver, mink, muskrat, otter, and
racoon for entire SRP

Racoon

Beaver, entire SRP

Taxonomic survey of Upper Three Runs
Creek and Four Mile Creek

Common ones of Upper Three Runs Creek

Diversity indices for thermally stressed

and natural creeks (Upper Three Runs
Creek)

Thermal stress on dragonfly nymphs
from Four Mile Creek '

. Freeman

Reference

Freeman (1955b)

Bourque and Esch (1974)

{1955¢)
and Provost {1963)

Jenkins

Murphy (197%a,b)

Norris (1963)
Straney, Briese, and

Smith (1974)

Jenkins and Provost (1963)

Jenkins and Provost .(1963)
Wood and Odum (1965)
Fitzgerald (1979)

Cross (1955)

Harvey (1975)

Howell and Gentry (1974)

Martin and Gentry (1974)



TABLE 2.7.2.2-2 (continued)

Subject

Aquatic Insects
contd

Dragonfly nymphs
Dragonfiy nymphs
Aquatic insects

[

Aquatic insects

Macroinvertebrates

Decapod crustaceans

(crayfish)
Freshwater sponges

Aquatic snails
(gastropods)

Plants

| Periphyton
Aiéae
Swémp bottomlands
Swamp bottomlands
Swamp bottomlands:
Swamp bottomlands

Swamp bottomlands

Plant communities

Comment and/or Location

Thermal tolerances of dragonfly
nymphs from- Four Mile Creek

Thermal tolerances of dragonfly
nymphs from Four Mile Creek

Survey of Upper Three Runs Creek
for one year (these studies are
continuing)

Castor Creek, a branch to Four
Mile Creek :

Entire SRP

General

Entire SRP

Upper Three Runs Creek, Four Mile
Creek, and Castor Creek

Common ones of Upper Three Runs Creek
General

Thermal effects on vegetation

(Four Mile Creek)

Thermal effects on-vegetation

Swamp bottomlands of Upper Three

Runs Creek

Preserve Areas, Beech-Hardwood Forest,
Mixed Swamp Forest, Cypress Grove

Communities and macrophytes along
Upper Three Runs (reek and Four
Mile Creek (also entire SRP site)

Reference

Martin, Garten and
Gentry (1976)

Garten and Gentry
(1976)

Morse, et al (1979)

Cain (1977), Gillen
(1977a, 1977b)

Hobbs, et al (1977)

Penny (1954, 1956)

Wood and Wineriter (1979)

Vanderbosch (1977) .

Mécfie and Swails (195ﬂ

Swails, et al (1957)
Porter, et al (1958)

Shéritz, Gibbons, and
Gause (1974)

Sharitz, Irwin and Christy
(1974) o
Whipple (1978)

SREL, 1979

Angerman and Jones- (1979)



TABLE 2.7.2.2-2 (continued)

Subgject

Bacteria and Fungi

Thermophilic and
thermotolerant
fungi

Bacteria

" 'Chemistry
Dissolved organics

Lead and cadmium .
Trace metals

Transuranic
elements

Water chemical
and physical data

Water monitoring

Water data

Comment and/or Location

Heated effluents of Four Mile Creek,
Flowing Streams Laboratory, and
non-thermal Upper Three Runs Creek

Common genera from Upper Three Runs -

Creek and Tim's Branch

Amounts in Upper Three Runs Creek

Amounts concentrated with naturally
occurring organics

Water chemistry and trace metal
transport on Upper Three Runs Creek

Soil surveys and studies near F and
H Areas and Four Mile Creek

Upper Three Runs Creek as a Bench
Mark Stream since 1966

Upper Three Runs Creek and Four
Mile Creek

Upper Three Runs Creek and Four
Mile Creek

Reference

Tansey and Fliermans
(1978), Tansey, et al
(1979)

Cherry, et al (1974a,

1974b)

Lewis and Tyburczy (1974)

Briese and Giesy (1975)
Giesy and Briese (1978) -
Alberts and McCloud_(1979)
Annhual reports, USGS
Aﬁnual reports, SRP

SAR (1980)



TABLE 2.7.2.3-1

ALGAE AND DIATOMS COLLECTED AT THE SAVANNAH RIVER PLANT, 1951-1976(1)

Tax (1)

ABOVE CONFLUEACE WITH UPPER THXEE KUNS
STATION |

STATION )

1950 1943 1956 1960  194% 19K 1972

1576

1931

1955 19% 1960 1965 1968 1972

1976

1951

BAVANNAI RIVER
BELOV CONFLUENCE WITH UPPER THNER RUNT
STATION §

STATION &

UrrEs TUREE SUNS
STATION 2

1955 1956 1960 1965 1

1972

1376

1951

1953

1936

1960

1963

1972

1976

1951 1955 1956

DIVISION CHLOROPHYTA (GREEN ALGAE)
CLASS CHLOROFWYCEAE
ORDER TETRASPURALES
FAMILY Paiseliacess

ORDER ULOTRICHALES
FANILY Ulotrichacese
FANILY Cylindrocapascese
FAMILY Chaetophoraceae
ORDER MICKOSFURALES
FANILY Wicrosporaceae
ORDER VLVALES
FAMILY Schizomerida
ONDER CHAETOPHORALES

FAMILY Protococcaceae
ORDER CLAOPHARALES
FAMILY Cladophoraceae
OROFR OFDOGONTALES
FAHILY Ov.
ORDER ZYGNEMATALES

FAMILY Zygnenataceae
FAMILY Deantdtacene
VAHILY Neantaentace

OHOER EHLOROE ]
FAMILY Hydrodictyaceae
FAMILY Coela:
FAMILY Oocys
FANILY Scene

CLASS CHAROPIYCEAE
ORDER CHARALES
FAMILY Chara;

- o

13 1 2

DIVISION CHRYSOPHYTA (YELLOW-GREEN ALGAR)
CLASS XANTUOVIXCEAR.
ORDER NETEROTRECHALES
FAMILY Teibonenatac
ORDER NETEROSEPHONALES
FAMILY Vaucheriac

DIVISION BACILLARIOPHYTA (DIATOMS)
CLASS BACTLLARIOPHYCEAE

ALY

PAMILY Mtddulotia

sl tngace

.
PAMILY ) yaglarinrean
FANILY Kunotiacene

PAMILY Achnanthac
FAMILY Naviculaceae

TAMILY Gomphonenacens
FAMILY Cymbellncess

FAMILY Epiitientaceae
FAMILY Wicsnchtac
FAMILY Surirellacese

=
v
£ -
B aaa-

o =

.

~ae -0
P

-
-

~wEruuuu

- e

o~ e

DIVISION RHODOPHYTA (RED ALGAE)
ORDER BANCIALES

FAMILY Erythroteichiaceae
ORDER NEMALTALES
FAMILY Acrochaetiacese

FAMILY Chantrenslanc,

DIVISION CYANOPHYTA (BLUE-CREEN ALGAE)
ORDER CHROOCOCCALES
FAMILY Chraocor cac:

FAMILY Chamaesiphona

FAMILY Entophysalida
FAMILY Clastidiace,
ORDER OSCIILATORIALES
PAMILY Onctllatoriuc

FAMILY Scytonematacene
FAMILY Rivulariecens

TOTAL SPECIES
b

1o

"

108 102 s 9 n 109

"y

mn

L) ” "

M agurcas the Acsdemy ot Watursl Selone
1)
1

of Phitateiphia (1933, 1957, 1961, 1987, 1970, 1974,
nony 4k eomplled by ang Lo ceparate raports asd therifors mbiret 10 dnconntavencine,

1977),

(See also SAR, 1980)



TABLE 2.7.2.3-2

Algae of the Savannah River_l’2

Groug

Green Algae

Blue-green Algae

Red Algae

Diatoms

Yellow-green Algae

l1awv, 1972, 1974,

No. Species
62

41

291

More Common Species

Oedogonium sp.

Stigeoclonium lubricum

Tetraspora gelatinosa

Spirogyra sp.

Microcoleus vaginatus

Microcoleus lyngbyaceus

Schizothrix calcicola

Oscillatoria retzii

Bactrachospermum sp.

Compsopogon coeruleus

Navicula mutica

Navicula lateropunctata

Navicula germainii

Navicula confervacea

Nitzschia palea

Eunotia monodon

Achnanthes biporoma

Achnanthes lanceolata

Melosira varians

Bacillaria paradoxa

Vaucheria sp.

2A11 of these occur in ANS collections except N. germainii



TABLE 2.7.2.3-3!

Typical Four Mile Creek Temperatures, °C

Location 8/31/55 | 8/66  10/19/71
Reactor Outfall | 56.1 ' 71.4 69.0
SRP Road A . 43.0 . 56.5 '52.6
Railroad - 50.5 46.6
" Above Cassels' Pond 36.2 a . 44.0' 39.4

1. Brown, et al, 1972
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TABLE 2.7.2.3-4

Common Macrophytes Along the Savannah River!

Scientific Name Common Name Rank?
Myriophyllum Water milfoil 1
Sagittaria Duck potafo 4
- Ceratophyllum Hornwort 1
Pontederia Pickerel weed 5
Anacharis 'Water weed 3
Alternanthera Alligator weed 2
Typha Cattail S

1. AwWv, 1972, 1974.

2. Rank: 1 = most abundant, 2 = Very abundant,

3 = abundant, 4 = not abundant, 5 = scarce.



TABLE 2.7.2.4-1

A List of Fishes of the Savannah River Plant From Bennett
and McFarlane (1979) '

Family Species Common_Name
Acipenseridae Acipenser ‘oxyrhynchus . Atlantic Sturgeon
Lepisosteidée Lepisosteus osseus Longnose gar
Lepisosteus platyrhincus Florida gar
Amiidae Amia calva Bowfin
Anguillidae - Anguilla rostrata American eel
Clupeidae Alosa ‘destivdlis Blueback herring
: Alosa mediocris- Hickory shad
Alosd ‘sapidissima- American shad
Dorosoma cepedidnum Gizzard shad
Dorosoma peténense: Threadfin shad
Umbridae Umbrd pygmdea Eastern Mudminnow
Esocidae Esox niger Chain pickerel
Esox ‘dmericdrius Redfin pickerel
Cyprinidae Cyprinus carpio Carp
Hybogriathus rnuchalis Silvery minnow
Hybopsis rubrifrons. Rosyface chub
Nocomis "leptocephalus Bluehead chub
Notemigonus erysoleucas Golden shiner
Notropis chalybaeus Ironcolor shiner
Notropis$ cummingsae Dusky shiner
Notropis ‘emiliae Pugnose minnow
‘Notropis hudsonius Spottail shiner
'Nutrupis liypseloptérus Sailfin shiner
" Notropis leedsi Ohoope shiner
‘Notropis Iutipinnis Yellowfin shiner
Notropis maculatus Taillight shiner
Notropis niveus Whitefin shiner
Notropis petersoni. Coastal shiner
Semotilus ‘atromaculatus Creek chub
Catostomidae Carpiodea cyprinus Quillback

" ‘Erimyzon oblongus -

ErinmyzZon ‘sucetta
Hypentelium nigricans

Minytrema melaneps

Creek chubsucker
Lake chubsucker

Northern hog sucker

Spotted sucker
Silver Redhorse



TABLE 2.7.2.4-1 (Con't)

Family

Ictaluridae

Amblyopsidae
Aphredoderiaae
Belonidae
Cyprinodontidae
Poeciliidae
Antherinidae

Percichthyidae

Centrarchidae

Percidae

Species

Ictalurus brunneus

~Ictalurus catus

Ictalurus natalis
Ictalurus nebulosus
Ictalurus platycephalus

Ictalurus punctatus
Noturus gyrinus
Noturus insignis
Noturus leptacanthus
Pvlodictus olivaris

Chologaster cornuta

Aphredoderus sayanus

Strongylura marina

Fundulus lineonlatus

Gambusia affinis

Labidesthes sicculus

Morone chrysops -
Morone saxatilis

Acantharchus. pomotis
Centrarchus macropterus

Elassoma zonatum
Enneacanthus chaetodon
Enneacanthus gloriosus
Enneacanthus obesus
Lepomis auritus
Lepomis cyanellus
Lepomis gibhosus
Lepomis gulosus
Lepomis macrochirus
Lepomis marginatus
Lepomis microlophus
Lepomis punctatus
Micropterus salmoides’

Pomoxis nigromaculatus
Pomoxis annularis

Etheostoma fricksium
Etheostoma fusiforme
Etheostoma hopkinsi
Etheostoma inscriptum

. Etheostoma olmstedi

Etheostoma serriferum
Perca flavescens
Percina nigrofasciata

Common. Name

Snail bullhead
White catfish
Yellow bullhead
Brown bullhead
Flat bullhead
Channel Catfish
Tadpole madtom
Margined madtom
Speckled madtom
Flathead catfish

Swampfish

Pirate ?erch
Atlantic needlefish
Lined topminnow
Mosquitofish
Brook'silversides

White bass
striped bass

Mud sunfish

Flier

Banded. pigmy sunfish
Blackbanded sunfish
Bluespotted sunfish
Banded sunfish
Redbreast sunfish
Green sunfish
Pumpkinseed
Warmouth

Bluegill

Dollar sunfish
Redear sunfish
Spotted sunfish
Largemouth bass
Black crappie

White crappie

~Savannah darter

Swamp darter
Christmas darter
Turquoise darter
Tesselate darter
Sawcheek darter
Yellow perch
Blackbanded darter



TABLE 2.7.2.4-1 (Con't)’

Family " Species Cormmon Name
Mugilidae Mugil c¢ephalus . o Striped mullet

Soleidae Trinéctes maculdtus Hogchoker




TAPLE 2.7.2.4~2

FISHES COLLECTED AT THE S?VsNNAK RIVER PLANT
1951-1976 U

EPECIES SAVANNAR RIVER
ABOVE CONFLUENCE WITH UPPER THREZE RUNS BELOW CONFLUENCE WITH UPPER THREE RUNS AND FOUR MILE CREEK UPPER THREE RUNS FOUR KILE
(2) SPECIES ¥ ® CRELK
SCIENTIFIC "MH! COMMON NAME PER STATION 1 STATION 3 STATION 5 STATION 6 TION 2
FAMILY -
d . 1951 1955 1960 1965 1968 1372 1976 | 1951 1955 1960 1965 1968 1972 1976 | 1951 1955 1960 1965 1968 1972 1976 | 1950 1933 . 1960 U963 1960 1972 1976 19%) 1935 1976 | 1933 1976
PHYLUM CHORDATA
CLASS OSTEICHTHYES I ‘
FAMILY LEPISOSTEIDAE CARS 3
_E!Jun-loul oculatus Spotted gar + * < ~ .
Lept weus Longnose gar . + . + + + . + + . . . + . . . . 0 . . . . . . . -
Lepisoateus platyrhineus | Florida gar z ¢ . . -
FAHILY AMIIDAE BOWFINS 1
A alva | Bowlin . + * . + * * . . . * . . . . .
FAMILY ANGUILLIDAE FRESHWATER EELS 1
Anguilla rostrata American eel . . v . . . . . . . . . . . . . + . . . . o [ -
FAMILY OPHICHTHIDAE SNAKE EELE 1
Myraphis punctatus Specklied worm esl . v
FAMILY CLUPEIDAE HERRINGS  §
Alona aestivalis Blueback herring + * * . . .
hioris Skipjack herring .
cris Hickory shad . .
ma Americen shad * + * . .
Brevooriis tyrannus Atlantic menhaden
Dorosoma cepedianum Gizzard shad + * + Ll 3 + * . + . . . 3 3 3 + * . . . -
Dorosvaa petenense Threadfin shad . * ~ . . . . . . .
FAMILY ENCRAULIDAE ANCHOVIES 1 -
Anchoa mitchilli Bay anchovy \
FAMILY UNBRIDAE MUDHIENONS 1 i
Umbra pygmaza . Eastern mudminnow +* + + L]
FANILY ESOCIDAE PIKES 2 .
Esox americanu Redfin pickerel . + + - . + * . . . . . . . . + . . . . . . . » . = »
gL Chain pickerel . + + + - . + + * . . . + + . . . . . . . . . . . - -
FAMILY CYPRINIDAE MINNOWS AND CARPS %
Cyprinus carpio Carp . + + * . . * .
H Silvery minnow . + . * + + * . + 3 . . . . . . + . 3 . . . . . . . * L
+
Rosyface chub . * * 3 . . . . v .
Bluchead chub + . hL fid L}
River chub .
Golden shiner + + * . * . * * . * . . . * . . * . . . * . . = (3
Rosctin shiner + : ¢
Ironcolor shiner . . + s * + * * + + . * . . . . . . * = =
Dusky shiner * + . . . 4, 3 - ®
Pugnose minrow + . + . + . + . . . . . . . . . . . . . . .
Spottail shiner . 4 * . + . * + . + + + ;. * . . - . . + . * . . * . . "z .
Sailfin shiner f
To . S . . .
Notropis leedeil Ohoopee ahiner . * . + + 3 * 1 . . . . * v
Notropis lutipinnis Yellowfin shiner AL ¢ * s s
Notropis maculatus Taillight shiner ¥ * + . * . + + + + + + . . . . . . . . . \ 4 =
Notropis niveus Whitefin shiner . + ] . ;
Notropis petersoni Coastal shiner + + . . * . . . ‘ . . . . + L . . . » L/ *
spilopterus Spotfin shiner *
stonei® L
Coosa shiner + . . * “
Bullhesd winnow . ‘
Creek chub > L] b 'j
SUCKERS [}
Biees cozamishis |
- * ‘e * * . . |
ey fer Highfin carpsucker
oblongus Creek chubsucker * * . . . . . . . i
Frimyron sucetta Lake chubsucker . . . . . % a .
yieotelium nigricans Northern hogsucker * * x
Minytrems melanops Spotted wucker . + * . . + . + Ll . * . . + . . . + . . . (a2 . . . . * = -
Hoxostoma spp. - . . . . .
FAMILY ICTALURIDAE FRESIHWATER CATFISHES i
ctalurus brunneuvs Snail bullhead ¢
ctalurus catus White catfish * s L4 d
cteiurus natalis Yellovw bullhead * . . . * . . . . . . . . . . . . s L . x ~
Tctalorus nebuiosus Brown builhead . . . . * . . . ‘ . . . . . . . . . . s x
Ictalurus piatycephalus Flat bullhead + . . + + . . . . . + . . . A1 L] #
Ic s punctetus Channel catfish . . . + . + . . * - . ¢ G
oturus gyrinus Tadpole madtom . . . . . . . . . . . . * - * . "
¥oturus insignis Margined madtow b . . L 4 i

Ses notes at wnd of table.
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TABLE 2.7.2.4~ .
(Continued)
SPECIES SAVANHAR RIVER
ABOVE CONFLUENCE WITH UPPER THREL RUNS BELOW CONFLUENCE WITH UPFER THREE RUNS AN MILE CREEK UPPER THRLE RUNS FOUR MILE
(2) SPECIES B CRLEK
SCIENTIFIC RANE COMMON RANE PER STATION | STATION ) LTATION 5 STATION 6 STATION 2
FAMILY 1550~ 195T-
1951 1955 1960 1965 1568 1972 1976 | 1951 1955 1960 1965 1968 1972 1976 |1951 1955 1960 1965 1968 1972 1976 |195) 1955 1960 1965 1968 1972 1976 1953 1953  19% | 19%) 1974
FAMILY ICTALURIDAE (Cont.)
Noturus leptacanthus Speckled madtom . . . . . . . X, . - x
$ 4 a* .
.
Fyiodictis olivaris Flathead catfish <
FAMILY AMBLYOPSIDAE CAVEFISHES 1
Chologaster cornuta Swampfish * . 1
.
; FAMILY APHREDODERIDAE PIRATE PERCHES 1
i Aphredoderus sayanus Pirate perch . + . . + + + + + + R . - . + + * . * . . * . . “x . - x .
} FAMILY BELONIDAE NEEDLEFISHES 1 A 5
Stongylura marina Atlantic needlefish - + . .
} FAMILY CYPRINODONTIDAE KILLFISHES 3
Fundulue disparw ' . = x
' 4 lincolatus Lined topminnow * + + + + + . + . . . - -
ulus nottis Starhead topminnow . . + + . . .
' FAMILY POECILIIDAE LIVEBEARERS 1
Casbusia affinis Mosquitofish . + + + + v . * + - + + * . + + . . . * * - . . . . * - .x - - ® =
FAMILY ATHERINIDAE SILVERSIDES 1 g
Lapidesthes sicculus Brook silverside + * + + e + + . + + + * + + B + + + + + + . - - * . . “x x -
FAMILY PERCICHTYIDAE TEMPERATE BASSES 2 ]
Motone saxatilis Striped bass . L + .
¥itone chrysops White bass .
CENTRARCHIDAE SUNF1SHES 20 B
hi Mud sunfish + x x
Flier . * . . + * . . . . . * . x x
Banded pygmy sunfish + + . . . + . + . . . . . . . . . . . x - x
Black-banded sunfish . + . + ~
Biuespotted sunfish * * ] + + - + + * + . . . * o
Banded sunfish ki
Redbreast sunfish . + . + . Ll + . + + . . . . + . + * + . * . . . . . . x . x a
Green sunfish . . + + . =
Pumpkin seed * + + . + . . - x L4
Warmouth + . T * + + + + . + . + + + . * - . + . . . . . . -
Bluegill + * + + * * + . + + + + . . . + + . + + » . + . - . . . .x . x -
bollar sunfish + + B . . + + + + + + * + . . . - . . . - x = >
Longear sunfish + + “+ + + . + .
Kedear sunfish . . + + + - * . + . + + . * + . . * . x -
Spotted sunfish - . + - . + + * . * . + + . . B . . . - AT * . x -
- Redeye bass + + . .
punctulatus Spotted bass + "
imoides Largemouth - . - - - * * . - - + + * + * . * B + . . . - . Ly x -
i White crappie . . . . . . + . . . ‘e .
Fomoxis nigromaculatus Black crappie . . . . . - + . + . + . . + . . . + . . . . . + . . x
FAMILY PERCIDAE PERCHES 12 3
Holoicpis barrartii + * .
ﬁrlwouomn a 13 * Al * * * * * * . *
fricksium Savannsh darter
Tusiforme Svamp darter . . + . . . . . . . . . . . . .
Hopkinsi Christmas darter : = =
nigrum Johnny darter + - + * . + + * . . . . . .
Tessellated darter . + 3 + + . + . . - . + . . . - =
Sawcheek darter 2 .
fricknia® b
nscriptum® .
tlavesc Yellow perch * + * - . + * . + + . . - . +. * . . . . . -
Percina caprodes Log perch +
Percina nigrolasciata Blackbanded darter + + . x s .
FAMILY SCIAENIDAE DRUMS 1
Aplodinotus grunniens Freshvater drua + ) +
FAMILY BOTHIDAE LEFTEYE FLOUNDERS 1 .
Paralichitys lethostigma Southern flounder 4
FAMILY SOLEIDAE SOLES 2
Trinectus fasciatus® - . + . . + . ’
Irinectus saculatus Hogchoker + * . . + . * + - . . . . + . .
OLAL 106 b1 40 42 29 36 33 34 32 43 35 32 2 40 30 30 &0 4l 3 37 7 s 35 39 o3 3 36 » 30 45 19 18 7 33
(0

Sources: ¢ = The Academy of Matursl Gciences of Philadelph s (1953, 1957, 1961, 1967, 1970, 1974, 1977).

()

= Freeman (1954).
= = McFerlane (1976).

Taxonowy in sccord with AFS, 1970,

(See also SAR, 1980)



TABLE 2.7.2.4-3

SYNONOMY AND REVISIONS IN TAXONOMY OF FISHES

REPORTED NaME (L)

Lepisosteus productus

Pomoldbus mediocris

Hybopsis bellica

Nocomis bellicus

Notropis imaculatus

Notrogis stonel

Opsopoeodus emiliae

Ameiurus nebulosus

Amejiurus platycephalus

Ictalurus lacustris

Schilbeodes leptacanthus

SYNONYM OR REVISED NAME

COMMON NAME(Z)

Lepisosteus oculatus

Alosa mediocris

Nocomis leptocephalus

Nocomis leptocephalus

Unidentified
Unidentified

Notropis emiliae

Ictalurus nebulosus

Ictalurus platycephalus

Ictalurus punctatus

Noturus leptacanthus

Schilbeodes marginatus

Schilbeodes mollis

Fundulus dispar

Roccus chrysops

Roccus saxatilis

Chaenobryttus coronaris

Chaenobryttus gulosus

Mesogonistus chaetodon

Etheostoma barrattii

Hololepis barattii

Poecilichthys fricksia

Poecilichithys insriptum

Boleosoma nigrum

Hadropterus nigrofasciatus

Trinectus fasciatus

(1)

Unidentified
Unidentified
Unidentified

Morone chrysops

Morone saxatilis

Lepomis gulosus
Lepomis gulosus

Enneacanthus chaetodon
Unidentified
Unidentified
Unidentified
Unidentified

Etheostoma nigrum

Percina nigrofasciata

Unidentified

Name from original ANS reports.

(2)

Name from American Fisheries Society, 1970.

Spotted gar

Hickory shad
Bluehead chub
Bluehead chub

Pugnose minnow
Brown bullhead
Flat bullhead
Channel catfish

Speckled madtom

White bass
Striped bass
Warmouth
Warmouth

Blackbanded sunfish

Johnny darter

Blackbanded darter



TABLE 2.7.2.4-4

AQUATIC MACROINVEKTEBRATES COLLECTED AT THE SAVANNAH RIVER PLANT, 1951-1976(1)

A (2)

ABOVE ZONFLUEKCE WITH UPPER THAEE AUNS
BTATION |

STATION )

RAVANKAK RIVER

BELOW CONPLUENCE WITH UPPER THREE RUNS
STATION 3

STATION &

UPPER THRZE RUNS

1951

1933 1955 1560 1563 19A8 1932

1976

1931

1953 1956 1960 1963

1w

1976

1951

1953 19% 1960 1965 1968 1972

1976

1

1933

193

1963

1968

1

196

STATION 2

1931 19% 9%

PHYLUN PORTEFHA
Family Spongtlifdes

PHYLIM PLATYNELNINTIIES
Fasily Catenulidae
Fanily Dalyellttd,

PHYLUM NEMEATEA

Tastly Tetrastemaatidas

PHYLUM ASCHELMINTHES
C.ASS NPMATODA
Fanily Nermithides
CLASS NEMATOPHORA
Faaily Gordiidea
CLASS ROTIFERA
Order Bdellotden
Order Hanngononts
Fastly Ploscularitdae
Fastly Brachiontd
Famtly Lecanitd

Fastly Gastropodidee
Pamtly Notomaat (d

\Pantly Synchaetida
Fantly Tricocercidas
CLASS GASTROTRICHA

“ e

PSS

PHYLUR ANNELIDA
CLASS OLICOCHAETA
Fantly Lusbriculides
Tantly Natdidae
11y Enchytraeidae
Tamily Tubllicidae

Family Glossosocolecidae
Fantly Lusbrictdae

{1y Megascolecidae
CLASS MIRUDINEA
Fastly Glosstphontides
Family Piecicoltd
Fasily Erpobdellt

o

PHYLUN ARTHROPODA

SUBPHYLUM TARDIGRADA
Tanily Macrobiotidas

SUBPKYLIN CHELICERATA

CLASS ARACHXIDA

Tawily Lebertitdas
Pamily Hygrobatid
Fasily Limnesitdas
Tantly Untontcolidan

Tantly Artenuridas
SUBPAYLIN MANDUBULATA
CLASS CRUSTACFA
SUBCLASS RRANCHIOPODA
Otder Diploatiaca
Suborder Cladoc
Tantly Chydoridas
Testly Sidtdan

SUNCLASS OSTRACODA
SUBCLASS COPEPUDA
Tausly Cycloptdan
SUBCLASS MALACOSTRACEA
Order Amohipode
Tastly Commariden
Tamily Tolltridan
Order taopods
Tanily Avellidee
Ordar Decapods
Tamily Falsemontdan
Tamily Cambaridas
Tantly Astasciden

(O

#44 tootaotes at ead of tadles




TABLE 2.7.2.4-4

(Coatinued)

Tan 2

ABOVE CORTLUENCE WITN UPPER THREE RUNS

sTaTiON 1

SAVANNAN RIVER
BELOV CONTLUENCE WITH CPPER THAZE RUNS

STATION ) STATIN 3

STATION &

orre TmEr acws

sTaTion 2

1953

1956 1960 1963  19ed

1972

1976

1960 1908

1951 1935 1936 1960 1963 (988 1977 1976 | 1951 1933 193 1972 197

1931

1953

1956

1960

1965

1988

L]

[

1951

T1ess 1

e

cLass TesecTA
Oreec Eshemeroncers
Tanily Ephemericas
Tantly Senuiextides
Temily Tricorythadides
Towily Caentdes
Tamily Leptophlieniides
Teaily Bawtidae
Tantly ¥estageniides
Tanily tphemereliides
Tantly Oligonentidse
Tantly Reetiscides
Orvar Odonaca -
Tantly Calostervatdse
Taatly Covnagriouidse
Tantly Comhides
Featly Aeschatdes
Tarily macromtidss
Fanily Cordulitéos
Teatly Liveileiises
Faatly Agrionides
Order Plecestera
Tamtly Prevossrcides
Pantly Peritdee
Taally Leuctrides
Family Tasmtopterygican
Tanily Nemouridss
Faaily Capatides
Fanily Tsoperiidae
Fantly Chloroperiidaa
Order Nemiptara
Tantly Gerrides
Teaily Ochterices
r Yeltides
Teaily Mesovelitdse
Tantly Nydrometrides
Fouily Selostomstides
Panily Fepidae
Tantly Saucoricas
ramiiy Gelastoceridas
Faaily Cortnides
Fantly Notasectidae
Tamily Sethridee

Order Neutropters
Taxtly Stayrides
Tautly Staltdee
Tamily Corydelides

Srdar Lepidopters
Tamily Pyralides

Srder Trichopters
Yaxtly Philopetamidas
Tantly Paychoeritdan
Tantly Polyceesiopodidae
Tantly Srérosevchtdae
Tanily Bydroscilidas
Family Phrygaceidse
Tamily Limseshilidee

Family Leproceridas
Tamtly Leptdostomatidan

Famtiy Brachecescrides
Tanily Nolazaisae

Crder Dipters
Tanily Tauviuiides
Tamily Tipuitéae
Family Coltciden
Fantly Chachorisae
Faniiy Waletder
Tanily Ceratopegontdan
fanily Taudipedides
Tanily Chiromonidas
Tasily Stmitiess
Tamtly Seratioms
Tasily Tetdicoe
Tantily Dolichopedidae
Tanily Tabantdee
Fanily Tetasocerisan
Tatly Sctowysidee
Fanily Lopticon

Ordas Coleeptera
Tanily Omphronidee

Teally Dytiscicae
Fantly Rydrophilides
Tantly Dryopidas
Tamily Eimtdse

Tanily Weteroceridas
Tanily Ludriides

[ R SI -a

- e
-
PR

P w

NN e e

-
-
&

P

“
P )
PRV
- e
5w~
-
s s

e

e e

T

TLON ReLLTSCA

2 Tantly Amnicolidse

CLASS CASTROPOOA

amiiy veivmcie
Tanily Sydcoriias

PETLON ESTOPROCTA

TOTAL SPECTES ENCOONTEAED

Fanily Pleuroseciine
Tenily Viviparidae
STRTIASS PULNORATA
Pamily Lymmsetidas
Taaily Ascylides
Tanily Phyetdes
Tanily Flanorinides
Tanily Succimaiise
sy sIvALYIA
Toaily Ontontass
Feuily Sphasreiisn
Tantly Corbiculidas

Tauily Paludicelitdas
Tamily Flumecellidee
Tanily Loshopodidas

15

i
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3
3
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Sowren:

Tazoacwy s compiied by S5 im wepe

o reports and therefo

subject to inconsistenc

The Acodemy of Nacural Sciemces of Philadalphia (1953, 1957, 1961, 1967, 1970, 19

-~ wn.” (See also SAR,




Macroinvertebrates in Savannah River near VNP site.I

TABLE 2.7.2.4-5

Porifera (sponges)
Spongills fragilis
Platyhelminthes (flatworms)
Dugesia tigrina
Annelida (segmented worms)
Erpobdella punctata
Placobdella parasitica
Helobdella elongata
H. linecata
M. punciata-lineata
Arcteonais ? lomondi
Limnodrilus hoffmeisteri
L. udekemianus
L. sp.
Eisenella tetraedra

Mollusca .

Gastropoda (snails)
Amnicola limosa
Campeloma lima
Goniobasis catenaria
Pseudosuccinea columella
Ferrissia fusca

« Physa crocata
Helisoma trivolvis
Menetus dilatatus
Gyraulus parvus

Pelecypoda (clams)
Elliptio icterinum
E. crassidens
E. lanceolatus
E. complanatus
Uniomerus obesus
Anodonta imbecilis
Carunculing parva
Villosa vibex
V. delumbus
Lampsilis cariosa
L. splendida
Sphaerium transversum
3. lacusire

-§. securis
Pisidium nitidum
Eupera singley!

Ectoprocta (moss animals)

Plumatella repens

Arthropoda
Crustacea

Aseltus militaris
Hyalella azteca
Gammarus fasciatus
Palaemoneres paludosus
Procambarus pubescens
Limnesia sp.
Lebertia sp.

Insecta
Odonata (dragon flies and damsel flies)
Calopteryx maculata
Hetaerina titia
Argia sedula
A. martta

A. tibialis

A. violacea

Enallagma civile

E. signatum

E. weewa

Ischnure posita
Rasiceschna janata
Nasiaeschna pentacantha
Boyeria vinosa

Gomphus (Stylurus) lauvae
Dromogomphus armatus?
Epicordulia princeps
Neurocordulia alabamensis
Macromia sp.

Pachydiplax longipennis
Sympetrum vicinium
Libellula vibrans
Perithemis tenera

Ephemeroptera (mayflies)
Ephoron sp.
Caenis sp.
Tricorythodes sp.
Ephemerella temporalis
Isoynchia sp.
Pseudocloeon sp.
Neocloen sp.
Baetis? sp.
Callibaetis sp.
Heptagenia n1. diabasia
‘H. maculipennis

Plecoptera (sioneflies)
Perlesta placida
Paragnetina kansensis

Hemiptera (bugs)
Mesovelia mulsanti
Hydrometra martini
Gerris sp.

G. canaliculatus

G. nebularis

G. confarmis

G. remigis
Limogonus hesione
Trepobates inermis
T. pictus
Rheumatobates teniupes
R. rileyi

K. hungerfordt
Vellia sp.? brachialis
Microvoleia sp.
Rhagoveliz distincta
Salda sp.
Gelastocris oculotus
Pelocoris femoratus
Ranatra buenof
Belostama lutarium
Noronecta sp.

N. irrorate

N. uhleri
Trichocorixa calva

Neuroptera (dobson flies)
. Climacea areolaris

Megaloptera (spongilla {lies)
Sialis sp.
Corydalis cornutus
Nigronia sp.

Coleoptera (beetles)
Peltodytes festivus
P. simplex ’
P. miiticis
Haliplus borealis
H. triopsis
Dineutes assimilis
D. emarginatus
D. horni
D. carolinus
D. analis
Gyrinus spacus
G. pectoralis
G. lugens
G. ventralis -
G. gibber
Suphisellus gibbulus
S. bicolor
Hydrocanthus iricolor
Laccophilus maculosus
L. proxtmus
Bidessus lacustris
Coliambus dissimilis
C. impresso-punciatus
C. incequalis
Celina angusta
Desmophachria convexa
Hydroporus diversicornis
H. pulcher
H. striatopunctatus
H. undulatus
H. wickhami R
Hydrovatus pustulatus
Coptotomus interrogatus
Rhanthus bisiriatus
Helophorinus taberculatus
Helophorus lineatus
Enochrus cinctus
E. nebulosus
E. ochraceous
E. perplexus
Tropisternus glaber
T. loteralis
T. siriolatus
Berosus sp.
Paracymus digestus
P. subcupreus
Phuenotuiil catriafum
Crypiopleurum minutum
Helichus fustigicatus
H. lithophilus
Phanocerus sp.
Machronychus glabratus®
Stenelmis sp.
S. douglasensis
S. sinuate
S. grossa -
Ancyronyx variegatus

Optioservus
Dubirophia vitiata
Trichoptera (caddis flies)
* Chimarra socia
Neureclipsis sp.
Phylocentropus sp.
Polycentropus sp.
Hydropsyche nt. cuanisd
H. o1, frisoni
H. orris
Cheumatopsyche sp.
Macronemum zebratum
M. carolina
Hydroptila sp.
Leprocella nr. equisita
Trioenodes tardo
Athripsodes 1. transversus
Oecetis nr, eddlestoni .
Pynopsyche sp.

Lepidoptera (aquatic caterpillars)
Parargyractis sp.

Diptera (1wo-winged flies)

* Helius sp.
Dicranoymia sp.
Anopheles sp.
Chaoborus punctipennis
Palpomyia sp.
Bezzia ot Probezzia sp.
Culicoides sp.
Atrichopogon sp.
Coelotanypus concinnus
Clinotanypus pinguis
Psectrotanypus sp.
Tanypus carinatus
T. carinatus
Procladius bellus
Labrundinia pilosella
Ablabesmyia mellochi

. A. monilis
Brillia sp.
Corynoneura xena
Cricotopus bicinctus
C. fugus
Qrthocladius sp.
Psectrocladius sp.
Eukiefferiella sp.
L. sordens
Rheorthocladius sp.
Stenochironomus sp.
Harnischia abortiva
Sergentia jucundus
Enduchirunumui iigricans
Polypedilum illinoense?
¥, fallax
Chirnnamus attenuatus
Rheotanytarsus exiguus
Calopectra guerla
Simulium sp.
Tabanus sp.

2Most abundant genera.

lawv, 1974



- TABLE 2.7.2.4-6

Protozoa in the Savannah River near VNP site

1

Protozoa

Class Mastigophora
Choromuling ovalis
Oikomonas solcialis
Q0. termo
Synura uvella
Anthophysa vegetans
Monas guttula
M. sociabilis
M. sociglis
Qchiromonas crenata
Cryptormonas erosa
C. ovata
Chilomonas paramecium
Cyathomonas truncata
Chlamdomonas globosa
C. gracilis :
C. monadina
Chlorogonium sp.
Carteria globosa
Gonium pectorale
Mastigosphaera gobii
Pandorina morum
Euglena acus
E. caudata
E. deses
E. ehrenbergi
E. fusca
E. kiebsi
E. minima
E. minuta
E. muztabilis
E. oxyuris
E. pisciformis
E. platydesma
E. rubra
E. spirogyra
E. splendens
E. tripteris
E. viridis
Lepocinclis acicularis
L. ovum
L. texta
Phacus acuminatd
P. alatus
P. breviceudata
P. helicoides
P. longicauda
P. oscillans
P. pleuronectes
P. pyrum
P. torta
I riqueier
Trachelomonas armata
T. hispida
T. harrida
7. oblonga
T. saccata
T. urceolata
Trachelomonas verrucosa
T. volvocina

Astasia klebsi
Anisonema acinus

A. emarginatum
Dinemna griscolum
Heteronema acus

H. acutissimum *

H. muztabile
Nortosolenus apocamptus
Peranema trichophorum
Trenionia flagellata
Gymnodinium fuscum
G. palustre

Gyrodinium hyalinum
Glenodinium cinctum
Bodo amochinus

B. caudatus

B. edax

B. globosus

B. muziabilis

B. obovatus
Cercomonas crossicauda
C. longicauda
Colponema sp.

. Rhynchomonas vasuta

Tetramitus rostratus

Class Sarcadina

Amoeba dubia
A. gorgonia
A. gutiula

A. proteus

A. radiosa

A. spumosa

A. striata

A. vespertilio
Dinamoeba mirabilis
Pelomyxa carolinensis
Vahtkampfia limax
Vampyrella lateritia
Arcella dentata

A. discoides

A. mitrata

A. vulearis
Cochliopodium bilimbosum
Difflugia constricta

D. corona

D. globulosa

D. oblonga

D. spiralis

Centropyxis aculrata

C ecornis -

Euglypha cristata
Cyphoderia ampulla
Acennophrys sol
Raphidocystis

Class Ciliata

Holophrya lahiota
Lacrymaria olor
Platyophrya lata
Prorodon discolor
P. griseus

Coleps biscuspis

C. elongatus

C. hirtus

C. octospinus
Enchelydium fusidens
E. virens

Homalozoon vermiculare
Penardiella crassa
Spathidioides sulcata
Mesodinium pulex
Amphilepius claparcdei
Lionotus cygnus

L. fasciola
Loxophyllum meleagrus
L. ulriculariae
Trachelius ovum
Dileptus americanus

D. anser

D, cygnus

D. monilatus

Loxodes vorax
Trochilia palustris
Chilodonella cucullulus
C. fluviatilis

* Nassula aurea

N. ornata
Chilodontopsis vorax
Cyélogramma trichocystis
Orithodonella sp.
Colpodu aspera

C. cucullus

C. inflata

Spirozona caudata
Leptopharynx sp.
Colpidium colpoda
Glaucoma scintillans

G. setosa .
Tetrahvmena pyriformis
Cohnilembus fusiformis
Philaster armata
Paramecium aurelia

P. bursaria

P. caudaium

P. calkinsi

P. mmultimicronucleatum
Frontonia acuminaia

F. depressa

F. teucas

Frontoniella complanata

Cinetochilum margaritaceum

Espejoia sp.
Lembadium bullinum
{. magnum
Malacaphrys ratans
Platynematum sp.
Uracentrum turba
Pleuronema crassum
Cristigera phoenix
Cyclidium glaucoma
C. litomesum

C. musicola

Stentor coreruleus

S. igneus

S. mulleri

S. pol,wriorphus o

S. pyriformis

Halieria grandinclla
Srtrobilidium gyrans
Oxytricha follax

0. setigerc
Amprisiella oblonga
Gastrostyla muscorum
Gunusivmum sirenuum
Holosticha discocephalus
H. vernalis
Onychodromus grandis
Opistharricha procera
Plevrotricha grandis
Stichotricha intermedia
Strongylidium crassum
Stylonichiz myiilus

§. notophora

S. pustulata

S. putring

Tackysoma pellionella
Uroieptus mobilis

U. plscls

Urosoma acuminata
Urostyla sp.

Euplotes eurysiomus
L. notella

E. plumipes

Aspidisce costate

A. lynceus

A. sulcata
Seprodinium deniatum
Peiodinium reniforme
Vorticellz campanula
V. convaliaria

V. jloridensis

V. kenti

V. microstoma
Vorticeliz monilata

V. picte

V. similis

Cerchesium polypinum
Zoothamnium arbuscula
Dpistyvlis plicatitis
Ophrydium vernalis
Vaginicala annulato

V. longipes

Cathurnic ennulata

C. ovata

Thuricola folliculsta

Class Suctoria
Acineta sp.
Anarma brevis
Hallezia brachypoda
Podophrya fixa
Parucineta sp.
Trichophrya epistylidis

lawv, 1974



TABLE 2.7.2.5 -1

Rare or Unique Aquatic Species in Vicinity

of Savannah River Plant (1)

SCIENTIFIC NAME
MACROPHYTES

Coreopsis rosea

Ludwigia spathulata

Echinodorus parvulus

Utricularia olivacea

Utricularia floridana

Myriophylium laxum

Ptilimnium nodosum

Mayaca fluviatilis

Rhexia aristosa -

Peltandra sagittaefolia

HERPTILES

Alligator mississippiensis
Clemmys guttata

Hyla andersoni

Ambystoma tigrinum tigrinum

COMMON NAME

Hyla avivoca ogechiensis

Hyla avivoca

(1) Source: Greeter, 1979.

present(2)  sTATUS

_Pink tickseed X
Spathulate seedbox . X
Litt]e.burhead | X
Dwarf bladderwort X

Florida bladdervort X
Loose water-milfoil |

Savannah bishop-weed X
Stream bog-moss

Awn—péta]ed meadow beauty X

White arrow-arm

American alligator

Spotted turtle

Pine barrens tree frog

E. tiger salamander X
E. bird-voiced tree frog ’

(2) X - Confirmed in Aiken, Barnwell, or Allendale Counties, S.C.

Statewide concern
(Threatened)

Statewide concern
(Threatened)

Statewide concern
(Threatened)

Statewide concern
{Threatened)

Statewide concern
(Endangered)

National concern
(Threatened)

Statewide concern
(Endangered)

0f concern
{Unresolived)

Regional concern
" (Threatened

Regional concern
(Threatened)

Federal endangered

Special concern in S.C.

Endangered in S.C.

Special concern in S.C.
Special concern in S.C.



SAVANNAH RIVER ABOVE SAVAN
WATER YEAR 1978

TABLE 2.7.2.7-1

WATER QUALITY

?fy RIVER PLANT

CONCENTRATION BY MONTH

PARAMETER UNITS 1977 1578
OCTOBER  NDVEMBER AND DECEMBER  JANUARY FEBRUARY MARCH APRIL MAY JUKE JuLyY AUGUST SEPTEMBER
Temperature ‘c 23.25 17.45 10.80 8.00 7.00 11.40 15.80 17.75 21.20 25.00 26.00
Pl pR units 6.69 6.95 6.70 6.80 6.80 5.90 6.53 6.63 6.76 6.57 6.90
Dissolved Oxygen mg/t 8.62 9.70 11.20 11.90 12.30 11.038 10.14 9.60 8.96 8.45 8.56
Alkalinity (CacO;) [ mg/t 16.5 15.3 16.0 10.9 10.9 0.7 15.7 12.3 18.0 16.8 18.5
Hardness ug/t 13.70 13.00 13.50 10.00 11.10 11:90 18.20 10.10 13.80 14.80 14.25
Conductivity ymhos 62.00 57.00 58.00 37.00 63.00 56.00 58.00 52.00 73.00 81.00 77.85
Suspended Solids wg/L 12.00 19.50 (11,00 25.00 23.00 74.00 17.00 28.00 18.00 13.00 13.50
Volatile Solids mg/1 21.00 20.00 27.00 15.00 25.00 23.00 30.00 264.00 28.00 27.00 25.00
’°;{i:§"°“’“ mg/t 47.00 46.50 54.00 34.00 48.00 31.00 40.00 48.00 55.00 54.00 51.00
Pixed Residue ng/t 26.00 26.50 27.00 19.00 23.00 8.00 10.00 26.00 27.00 17.00 26.00
BOD mg/t 2.00 1.50 <1,0 <1.0 1.00 <1.0 2.50 1.00 2.00 1.00 0.50
Lignin mg/t 1.10 <1.0 1.00 1.00 1.70 4.20 1.70 <1.0 1.30 1.10 1.10
Chloride (C1) mg/t 3.50 7.50 3.80 3.50 5.00 3.60 4.60 3.20 6.20 5.30 6.00
Nitrice (80,-K) wg/t 0.03 0.005 0.010 <0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 <0.02
Nitrate (RO,-N) ng/t 0.40 0.50 <0.02 0.70 3.80 0.90 0.80 - 0.55 0.50 0.60 0.25
Sulfate (80,-8) ag/t 4.60 4.30 4.60 5.60 $.50 4.70 6.90 5.20 5.10 4.20 5.25
sultide (8) mg/t <1.0 0.15 <a.e <1.0 0.10 <1.0 a.o 0.10 0.40 <1.0 0.20
7°:;; f:‘)""’"‘“ g/t <0.02 0.15 <0.02 <0.02 <0.02 0.60 <0.02 <0.02 <0.02 0.40 0.25
4 :

Alumiom (A1) mg/1 <0.5 <0.5 <0.5 <0.5 1.00 2.50 2.00 <0.5 0.5 <0.5 <0.5
Acmonia (Nua)(” ng/t <0.1 0.05 0.10 <0.1 0.1 0.2 <0.1 <0.1 <0.1 0.1 <0.1
Calcium (Ca) wg/t 2.0 1.70 1.90 1.30 1.90 1.80 1.70 1.60 1.62 1.95 2.80
Sodium (Na) ag/t 8.40 6.65 7.20 4.00 7.50 6.70 8.70 6.50 10.25 9.85 9.30
Total Iron (Fe) og/t 0.1 0.1 0.2 0.4 0.40 1.50 1.10 0.54 0.65 0.1 <0.1
:;;sou SAR, 19&0

Inconsistently reported.

NOTE: Accutacy not always consisten: with number of significant figures shown.




TABLE 2.7.2.7-2
WATER QUALITY

SAVANNAH RIVER BELOW SAVAN ?U RIVER PLANT

WATER YEAR 1978(1)

NA = Not Analyzed.

3

NOTE:

Inconsistently reported.

Accuracy not alwaye consistent with aumber of significant figures shown.

’ CONCENTRATION BY MowTi'?)
: PARAMETER UNLTS 1977 1978
: OCTOBER NOVEMBER AND DECEMARR JAHUARY FEHRUARY MARCH APRIL MAY JUNE JleY AUCUST SEPTEMBER
| ¥
I Temperature ‘c 2.25 17.15 10.80 8.00 7.30 11.80 16.60 18.50 21.8 24.80 24.00
pH pH 6.72 6.75 6.70 6.80 6.60 5.51 . 6.53 6.57 6.28 6.64 6.98
Dissolved Oxygen wg/t 8.465 9.70 11.20 11.90 11.80 10.72 10.08 9.45 8.88 8.39 8.42
Alkalinicy (CaCOy) | mg/t 16.50 13.00 16.00 10.90 13.10 0.80 16.80 13.50 10.10 13.50 18.80
Hardness ng/t 13.30 16.05 13.50 10.00 11.50 11.10 20.20 12.70 1n.20 13.80 13.80
Conductivity ymhos 56.00 66.00 $8.00 37.00 57.0 60.0 53.00 52.00 77.00 70.00 78.35
Suspended Solids mg/t 10.00 15.00 11.00 25.00 15.00 33.00 25.00 19.00 22.00 20.0 18.5
Volatile Bolids mg/t 27.00 21.00 27.00 15.00 23.00 25.00 26.00 25.00 26.00 13.00 30.00
"’;':,d”:""“’“’ mg/t 53.00 48.50 54,00 .00 50.00 39.00 33.00 53.00 50,00 . 41.00 52.50
oll
Total Solids mg/t NA NA 1 NA NA NA oA NA NA NA NA NA
Fixed Residue mg/t 26.00 27.50 27.00 19.00 27.00 14.00 7.0 28.00 26.00 28.00 22.50
cop o/t NA NA NA NA NA NA NA NA NA NA NA
BOD mg/t 1.00 1.00 <1.0 <1.0 1.00 <1.0 2.60 1.00 1.00 1.00 0.50
Lignin mg/t 1.10 <1.0 1.00 1.00 1.80 1.40 1.80 <1.0 1.20 1.00 1.05
Kjeldahl N mg/t NA NA NA NA NA NA NA NA NA NA NA
Chloride (C1) mg/t 6.50 5.45 3.80 3.50 5.00 © 3,60 3.80 "4.80 5.30 . 4.60 6.90
Nitrite (NO,-N) wg/t 0.0L0 0.005 0.10 <0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 <0.02
Nitcate (N0,-N) mg/t 0.60 0.40 <0.02 0.70 2.30 0.60 0.40 0.56 0.20 0.40 0.20
Sultate (80,-8) ng/ 2 4.0 3.35 4.60 5.60 9.40 2.30 5.90 <2.0 4.50 4.0 5.35
Sulfide (8) mg/t <1.0 0.15 <1.0 <1.0 0.10 <1.0 <1.0 0.10 0.40 <1.0 0.10
Orthophosphate '
(0-70,-P) mg/t NA NA NA NA NA NA NA NA NA Na NA
Total Phosphate wg/t <0.02 0.15 <0.02 <0.02 <0.02 0.60 <0.02 <0.02 <0.02 0.50 0.375
(3
Alupinum (A1) ng/t <0.5 <0.5 <0.5 0.5 1.00 2.50 2.00 <0.5 0.5 0.5 <0.5
Aomonia (NH(‘)(J) mg/t <0.1 0.05 0.10 0.1 0.1 0.2 0.1 <0.1 <0.1 <0.1 <0.1
Calcium (Ca) mg/t 2.0 1.70 1.90 1.30 1.90" “1.80 1.70 1.40 1.62 2.27 2.85
Sodium (Na) mg/t 8.40 6.65 7.20 .00 7.50 6.70 8.70 6.50 10.25 7.65 9.80
Total Iron (Fe) mg/t 0.1 0.1 0.2 0.4 0.40 1.50 1.10 0.54 0.65 <0.1 <0.1
Lead (Pb) wg/t NA NA NA NA NA NA NA NA . NA NA NA
(1) .
Source:  GAR, 1980




TABLE 2.7.2.7-3

HISTORICAL WATER QUALITY
1974197701
ANNUAL RANGES AND MEANS(2)

UPPER THREE RUNS - ROAD A FOUR HILE CREEK - MOUTH SAVANNAH RIVER BELOW PLANT
PARAMETER UNITS 1974 1975 1976 1977 1974 1978 1916 1977 192 1973 1976 1977
MIN=MAX MIN-MAX MIN-MAX HIN-MAX NIN-!AX MIN-MAX MIN-MAX RIN=NAX MIN-MAX MIN-HAX HIN-MAX MIN-MAX
(mean) (mean) (mean) (nesn) (cean)  (mean)  (oean) (aean) (pean) (mean) (mcan) (ue )
Diacharge t/en 2,53 ¢ 11 1.9 + 11 2,786 ¢ | 1296 » 13 1.2%E « 1T L.1SE ¢ 12
Tempersture . *c 9.0-26.0 11.1-23.0 10.0-24.0 6.0-26.0 11.0-26.0 10.0-25.3 - 8.3-25.8 3.6-26.6
(17.8) (18.0) (7.3 (7.6) €19.0) (18.1) (12.9) (17.8)
pH pH unire 5.6~6.7 5.5-6.9 6.4-7.5 6.3-7.5 1 6.5-7.3 6.3-6.8
{--) (--) (-=) -=) (--) (-=)
Dissalved Oxygen mg/t 7.0-11.3 6.6-12.2 7.2-10.2 T.4-11.4 8.2-11.1 1.0-11.3 8.5-11.2 6.2-12.46
8.5) 8.91) (8.89) (8.99) 9.4) (9.44) 9.38) (9.71)
Alkaliniey (caco,) mg/t 1.9-6.0 2.0-11.0 3.0-5.0 11.7-26.9 3.1-38.0 10.4-17.0 1.8-19.5
a.n (.29} 16.42) €16.8) Q. 2) (e, Q6.2
Hardness (CaCO;) wg/t 12.9-48.0  4.0-36.) 6.2-18.0 9.1-17.0
(28.0) (12.8) (1.8) €(13.5)
Conductivity uohos/co 56.0-102 46.0-73.0  41.0-77.0  41.0-86.0
$13.0) (63.0} 15%.9) 160.2)
Suspended Solide og/t 3.0-54.0 1.0-42.0 1.0-31.0  1.0-54.0 <1-30 3.0-57.0 7.0-87.0 4.0-21.0
19.2) (16.2) (8.0) (13.4) a2.0) (15.8) (9.2) (s, 1)
Yolatile Solids -/t 8.0-66.0 12.0-61.0 9.0-25.0 12.0-36.0 <1-31.0 11.0-37.0 5.0-38.0 6.0-27.0
(18.8) (21.9) 15.9) 9.1 (16.0) (26.6) 1.5) (20.5)
Total Dissolved agit 6.0-44.0 +-65.0 20.0-40.0  14.0-42.0 12.0-61.0 1.0-54.0 7.0-39.0 33.0-76.0
Solide . (26.8) (34.8) (28.9) (29.5) (34.0) (40.6) 39.2) (46:8)
Total Solids ug/t 16.0-82.0 31.0-83.0 26.0-64.0  21.0-92.0
63.1) (50.8) (36.9) (63.0)
Fixed Residue ng/t 16.0-18.0 16.041.0  8.0-59.0 <1-33.0 1.0-35.0 <1.0-26.0  12.0-51.0
(17.0) (21.4) (23.9) 19.0) 6.1 (16.5) (26.4)
cop e/t 5.0-34.2 5.0-23.0  5.0-22.0
(15.4) (11.8) (12.6)
0D g/t <t-2.0 -1.4 <-1.0 <1-2 *-2.0 <1-2.0 <1-3.0
«1) €0.108) €0.273) [133) (1.00) .23 (1,08)
Ligain mg/t <1-4.6 1.9 <1-3.0 <1-1.3
«<1) (0.308) €0.569) €0.692)
Surfactant aglt €0.02-0.10  +-0.0)
(0.07) (0.005)
Kjeldahl Nitrogen (N} mg/t *-1.0 <t
©.111) )
Feeal Coliform er10001%3 1404, 400 100-880
(560} (504
Chloride (€1} wg/t 1.8-6.0 1.5-3.7 1.5-2.5 1.9-2.5 3.8-7.5  3.0-7,5 2,8-6.0  0.5-10.5 { 4.2-1.0 2.9-7.5 2.5+6.0 0.5-7.5
2.5) (2.25) (1.92) (2.22) 5.3) (&.87)  (4.22) (5.47) (5.3} (6.92) (6.16) (.69}
Nitcite (NO,~N) mg/t  fp.oot-<0,05¢4’ .02 <0.02 €0.02-0.1  +-0.09 €0.02-0.3  €0.02-0.0)
<0.01) (<6.02) (<0.01) (0.05) 0.027) 10.048) (0.00%)
Nitrate (NO,-N) wg/t 0.004-0.20 *-0.14 €0.02-0.15  ©.07-0.23 0.07-1.6 0.32-1.4 0.02-17.0  <0.02-2.0
=) - 0.085) (0.099) (0.13) t0.6) €0.726) .1 (0.415)
Sutfare (snh-S) mg/t £1=3.6 1.0-4.1 <2-4.0 <2<2.0 2.9-7.3 .64 2.6-5.6 3.0-10.) 2.3-6.4 2.0-11.0 2.6-7.6 2.0-5.6
@2.n (2.25) (1.23) (1.09) “.9) (3.28) (3.95) (s.21) (a.6) (4.53%) .51 (3.88)
Sulfide (S) walt <1-700 3 0.1-0.4 ° *-0.7 a-0.7%Y .3 | <0.1-0.3 *-0.5 <t-0.7 <1-0.7
(58.3) «n (<0.1) (0.092) - (0.069) €0.038) (<0.1) (0.123) ° €0.054) (0.054)
Orchophosphsate oelt f.M-0 03 -0 n? ¢ nan 03 n. 01
(0-p0, -P) €0.003) (0.002) 0.011) (<0.02)
Totasl Phosphate -/t 0.01-0.11 4-0.06 0.02-0.09 <0.02-0.06 0.02-1.% 4-3.9 $0.02-1.% <0.02-0.4
(PO, -P) (0.05) {0.027) (0,04) 9,032 {0.5) (0.500) (0.346) (0.15%4)
Alusloum (A1} eg/1 <0.5¢2%4) 0.5 <0.5-2.0 0.5 “-i.6 <0.5 0.5 <0.5 *-1.3 €0.35-1.0 .5
<0.5) (<0.5) (0.167) (<0.5) (0.123)  (<0.%) (<0.5) €<0.5) 0.177) (0.077) <0.5)
ammenia ()4 -/t 0.004=<1 *-0.04 €0.1-0.02  €0.1-0.03 0.05-0.1 00,20 €©.1-0.2  <0.1<0.2
--) (0.01) (0.007) (0.011) .1 0.025) (0.023) (0.015)
Calcium (Ca) cg/t 1.23-1.7 1.3-1.8 1.1-2.3 0.2-5.5 1.2-2.8  1.2-2.%  1.6-2.5 L.4-2.3 | 1.3-2.7 1.6-2.% 1.7-2.8 1.4-2.8
a.s) (1.48) (.s1) (1.85) .9 (.92) (2.05) (1.8 (2.0) (2.05) .an (1.97)"
Mercury (Hg) g/t <0.0001-<0.01 €0.002 <0.002
(as) 1€0.002) . w2y )
Sodium (Na) mg/t 1.0-1.5 1.2-1.7 1.2-1.5 0.2-1.6 5.2-7.7  1.5-6.9 4.5-7.1 4.8-7.2 5.0-1.7 1.7-6.8 4.2-7.6 4.9-7.6
a» {1.33) (1.3%) T (. 6.4) (3.22) (5.49) €6.19) (6.6) 5.58) (5.58) (6.33)
Total Iron (Fe) ag/t 0.1-0.6 0.5 0.1-0.4 <0.1-2.1 <0.1-0.3 0.6 <0.1-1.2 <0.1-1.2 | €0.i-0.6 *-0.70 <¢.1-1.3 <0.1-1.2
0.2) (0.154) 0.25) (0.487) (0.2) (0.231)  {0.38%) (0.323) (<0.1) 0.231) (0.362) (0.3)
Lead (Pb) wg/t  o.001-<0.5%) 0.3 0.5
(<0.5) €0, 5) €40.5)

:;’)so.. SAR, 1980

* means oot reported.

3

() aconsinteat 1y reported.

Blank speces iadicate no
c/100ml = colonies per 100 millimaters.

data aveilable.




TABLE 2.7.2.7-4
WATER QUALITY OF STREAMS NEAR DWPF 5115(1) (3)

, SAMPLE IDENTIFICATION
PARAMETER UNITS 1 2 3 4 5 6 7 9 10
Field Temperature °c ‘ 13.0 14.0 5.8 11.4 . 17.0.  14.5 7.0 6.0 4.9
pH ' pH units _ 3.90 5.80  5.40 4.80 6.10 6.35  5.60 6.20  5.90
Specific Conductance at 25°C | pmhos/cm 74 21 43 21 74 59 31 41 31
Dissolved Oxygen mg/y 6.6 1062 135 s 982 105 112 e 122
Acidity _ mg/t as CaCO, . 10 <2 <2 .o« <2 <2 <2 <2 <2
Alkalinity mg/L as Caco; 0 6 6 4 6 6 7 5 .5
Bicarbonate mg/ L -0 7 7 5 — 7 9 7 6
Dissolved Soliés at 180°C ng/ g 48 49 45 43 75 61 40 27 33 -
Chloride : . ng/L 1.2 1.5 5.1 1.2 1.9 2.4 2.7 2.2 2.2
Sulfate : mg/% 10.5 6.0 5.5 5.0 15.5 11.5 4.5 -~ 11.0 3.5
Dissolved Met_:aAls: ' . .
Calcium mg/ % 0.8 1.5 2.1 C1.5 3.0 2.8 1.8 3.8 2.9
Iron ng/4 A 0.10 '0.07  0.08 0.06 0.06 0.08  0.10 0.05 . 0.15
Magnesium ' . mg/2 0.4 0.3 0:4 0.3 0.6 0.5 0.5 0.6 0.4
Potassium wg/% 0.5 0.4 0.1 0.3 1.4 1.0 0.3 0.5 0.4
Sodium mg/4 1.2 1.2 4.1 1.2 © 6.1 4.8 2.2 1.4 1.4

(1)see Figure 2.7.2.1-2 for location of sampling stations and Table 2.7.2.7-5 for description of stream
conditions at each location. Water samples were collected 5-7 February 1979.

(2)D.0. not measured on same day sample was taken due to instrument malfunction.

(3)source: 3AR, 1980



TABLE 2.7.2.7-5

HABITAT DESCRIPTIONS AT WATER SAMPLING STATIONS, FEBRUARY 1979(1)

- STHEAM STREAN POOL /RIFFLE CURRENT (3) 1 y AQUATIC
STATICN u?CAl’lON HABITAT TYPE SUBSTRATE 1DTH/DEPTH GRADIENT (2) RATIO (meters per second) CCGVER STREAMSIDES SHADIRG MACROPHYTES
D-1 Upper Three Runs, approk. | Oxbow Leaf litrer and 5.5 /0.48 m Not Hone None Undercut tanks, logs, Banks vertical; wcoded 1001 None
100 meters downstrean of orgsnic muck Applicable submerged branches, {birch, red oak, swveet gunm,
Tinker Cresk - leaf litter pine) floodplain
D-2 Upper Three Runs, approx. Edge of large, Silt Not Deternined k: 1,200 Not Determined Not Deterained - Beavily wooded flcodplain 1002 None
10 meters downstreaz of permaneat stream (vieited during 2s at Station 1
Oxbow {(Station !} flooding}
0-3 Unnaoed tributary tc Small stream, Send and grawel 2.2 n/0.18 1:160 Riffles entire 0.48 Undercut banks, logs, Level floodplain; bankas 901 None
Upper Three Huns perennial branchea vertical; wooded (eveet gum,
cak, pine, holly) with
cpen understory
L] Upper Three Runs, spprox. Large, permanent { Sand, Not Detersined 1:980 No riffles Not Determined - Heavily wooded as at 1002 None
30 meters below unniped strean Stations 1 and 2
tributary drafning west
of sfte .
D-5 Unnemed tributary, Mouth of small Sand, gravel, 2,46 ©/0.20 » 1: 180 No riffles, 0.54 Undercut banks, logs, Floodplain with mostly dead 1002 None
approx. 10 metars atove atream carrying and cobbles unifornm flow cobbles, overhanging sweet gum stand; living
confluence with Four effluent from logs submergent oaks, basswood; reed and
Mile Creek H Areal® greenbriar understory
D-6 Four-Mile Branch, approx. Permanent stream | Gravel, sand, 3.66 m/0.30 1:210 No riffles, 0.71 Bank overhang, brush, Verticel banks; partially 402 None
9 oeters downs:reas of receiving H-Ares | sile, and leaf uniforo flow logs, leaf litter wooded and dead trees as
unnamed tributary effluent debrie at Station 5
{5tation 5)
b-? Unnamed tributary to Swall stream, Sand 1.5 0/0.08 mA 1:80 None aspparent 0.29 Baok overhang, logs, VYertical banks; wooded L1002 None
Tinker Creek, approxz. not permanent leaf litter {gweet gum, oak, pine,
45 metoers upstream basswood); dense understory
from Rosd ¥ of holly
D-8 Unnamed tributary to Upper reaches of | Sand, little 1.55 m/0.13 © 1:48 None apparent 0.41 Bank overhang, logs Vertical baoks; wooded 802 Rone
Upper Three Ruas szall stream gravel {pine, beech, ash); dense -
anderstory of holly and
beech
D-9 | sme11 unnamed Small permaneant Sand, little 3.73 /0.66 m 1:1,000 None apparent 0.:7 Submerged logs, Wooded floodplain (birch, 1002 None
! tributary to Tioker stream ailt mossy banke sweet gum, oak)
1 “creex (spprox. 30 . ’
oeters above con~
fluence)
D-10 Tinker Creek, upstream Mouth of large Hot Determined Approa. 12 meters 1:1,280 Not Determined Not Determined Not Determined ¥Wooded floodplain as st 901 Nooe

of conflusnce with
Upper Three Rune

permanent strean

in width undet
flooding conditions

(flooded)

Statione ! and 9

(1) SAR, 1980

)

Averszge stream gradients calculated from USGCS map.

Curcent is aversge of three (3) observations made during high water (February 5-8, 1979),

(

“Snu-nuh River Plant 200 H Ares.




TABLE 2.7.2.7-6

DESIGNATED DISCHARGES TQ
ADJACENT SURFACE WATERS(L)

SAR, 1980

ESTIMATED :
OUTFALL LOCATION RECEIVING DISCHARGE RATE| DISCHARGE TYPE CONTROLS REQUIRED
NO. STREAM .
(gpm)
007 Area Four Mile Creek 110,000 Cooling water Temperature monitored .
008 Area Four Mile Creek No record Cooling water Temperature monitored
011 Area Beaver Dam Creek to 922 Ash basin effluent Suspended solids
Savannah River .
012 Area Upper Three Runs Creek 7.12 Ash basin effluent Low pH
013 Area Four Mile Creek 81 Ash basin effluent Low pH
016 Area Four Mile Creek Runoff Coal pile runoff Suspended solids and pH
019 Area Four Mile Creek Runoff Coal pile runoff. Suspended solids and pH
020 Area Four Mile Creek Runoff - Coal pile runoff Suspended solids and pH
. 021 Area Tims Branch to Upper 5 ‘Coal pile runoff Suspended solids and pH
Three Runs Creek
022 Area Beaver Dam Creek to Runof f Coal pile runoff Suspended solids and pH
Savannah River
023 Ares Four Mile Creek Runoff Ash pile runoff Suspended solids and pH
T 024 Area Tims Branch to Upper Runoff Ash pile runoff Suspended solids and pH
Three Runs Creek
025 Area Beaver Dam Creek to 1,000 to Treatment plant—- Suspended solids and pH
Savannah River 10,000 filter backwash,
deionizer regener-
ants and precipi-
tator blowdown
026 Area Tims Branch to Upper 100-800 Process sewer, Not yet specified by EPA
Three Runs Creek cooling water and
surface runoff
027 Area Tims Branch to Upper 100-200 Process sewer, Not yet specified by EPA
Three Runs Creek treatment plant, :
runoff
028 Area Beaver Dam Creek to 14,000 to - Process sewer Not yet specified by EPA
Savannah River 26,000
031 Area Four Mile Creek 1,000 to Process sewer Not yeé specified by EPA
3,800
(Dgource :




TABLE 2.7.2.7-7

WATER QUALITY

UPPER THREE RUNS CREEK AT ROAD A

WATER YEAR 1978(1

.CONCENTRATION BY MonTH 2
FARAMETER UNITS 1977 1978
ocT. NOV. -  DEC. JAN, FER. MAR. APR,  MAY JUNE JULY AUG. SEP.

Temperature °z 18.0  17.0 9.0 9.0 5.0 8.3 19.4  17.0 © 22.0  23.0 2.0  21.0
pH pH Units | 6.9 6.8 6.9 6.1 6.8 6.6 6.6 6.8 7.0 6.9 6.6 6.6
Dissolved Oxygen g/ L 8.7 8.0 11.4 "11.6 11.8 10.0 9.8 8.9 7.5 7.8 7.6 7.6
Alkalinicy (CaC0,) mgd & 5.0 6.0 NA 3.0 4.0 5.0 6.0 5.0 5.0 4.0 6o 4.0
Suspended Solids mg/ L 5.0 2.0 39.0 8.0 4.0 4.0 5.0 15.0  52.0 8.0 8.0 9.0
volatile Solids wg/h 19.0 14.0 36.0 1.0 14.0 16.0 6.0 4.0 12.0 8.0 12.0 18.0
Total Dissolved Sclids mg/ & 27.0 29.0 42.0 28.0  24.0 30.0 18.0  27.0 27,0 21.0 31.0  29.0
Total Solids ng/L 32,0 31.0 81.0 36.0  28.0 34.0 26.0  42.0 79.0 9.0 39.0  38.0
Fixed Residue mg/ % 13.0 17.0 45.0 25.0 14.0 18.0 18.0 37.0 67.0 1.0 27.0  20.0
cop ng/ L 5.9 12.0 22.0 12.0 10.0 8.0 -11.0 22.0 13.0 6.0 8.0 9.0
Chloride (C1) mg/L 1.9 2.3 2.4 2.3 1. 2.2 2.3 1.5 1.1 1.8 2.6 2.5
Nitrite (Noz-N) wg/8 <0.02 <0.02 <0.02 <0.02 <0.02 '<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0,02
Nitrate (NO,~N) wg/t | 0.14 0.070  0.23  0.19  0.14 0.16 0.11  0.07 0.09 0.16 0.10 0.13
Sulfate (Sba's) wa/t | 2.0 2.0 <2.0 2.0 <2.0 <2.0 2.0 <2.0 <2.0 <2.0 <2.0 4.0
Sulfide (5) mg/t | <10 <10 <10 <1.0 A 1.0 <1.0  NA KA NA KA NA
Otthophosphate (0-PO,~F) ma/t <0.02  <0.02  <0.02 <0.02 <0.02 <0.02 <0.02 0.02 0.02 <0.02 <0.02 <0.02
Total Phosphate (P0,-P) ng/2 0.030  0.040 <0.060 0.03  0.02 0.02 0.03  0.02 0.06 0.06 0.09 -0.03
Aluniouz (A1) ng/2 <0.5 <0.5 2.0 0.5  <0.5 <0.5 <0.5  <0.5 <0.5 <0.5 <0.5 :<0.5
Asmonia (""4)(3) ng/ 0.010  0.010 <0.1 <0.1 0.020 0.010 ©0.02 0.04 0.02 0.01 0.03 0.0l
Calcium (Ca) og/2 1.50 1.90 1.7 '1.80  1.60 1.80 1.2 1.5 0.90 1.8 2.0 2.2
Sodium “Na) wg/L 1.4 1.4 1.6 1.6 0.90 110 2.4 2.3 1.7 3.0 1.8 2.5
Total Izon (Fe) wg/2 0.30 0.20 1.5 0.4 0.2 0.2 0.2 <0.1 0.5, 0.3 <01  <0.1
Lead (P5) wg /L <0.5 <0.5 <0.5 <0.5  <0.5 <0.5 <0.5  <0.5 <D.5  <0.5  <0.5  <0.5
(psewrse: SAR, 1980

NA = Not Analyzed.
(3)

Inconsistently reported.




TABLE 2.7.2.7-8 .

WATER QUALITY
FOUR MILE CREEK AT MOUTH
WATER YEAR 1978(1)

CONCENTRATION BY HONTH
PARAMETER UNITS 1977 1978
OCTOBER NOVEMBEFE. AND' DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY ) AUCUST SEPTEMBER
pH pH units 6.75 ) 6.70 : 6.63 6.76 6.56 6.53 6.43 6.26 6.62 6.47 6.71
Chloride (C1) mg/4 8.10 6.85 : 5.0 © 4.50 2,50 3.60 6.00 . 4.30 5.30 5.30 '3.95
Sulfate (50,-5) ng/t 4.00 6.85 4.60 4.80 3.30 6.00 5.00 6.80 7.10 4.60 5.20
Sulfide (8) ng/t a ] 0.15 <1 a 0.20 a 0.10 0.10 a 0.10
Aluminum (A1) wg/t ©.5 . <0.5 i¢0.5 1.00 <0.5 2.50 1.50. <0.5 <0.5 0.5 <0.5
Calcium (Ca) mg/t 1.90 1.95 1.90 1.30 1.90 1.74 1.90 1.70 1.65 2.17 2.55
Sodium (Na) ng/t 7.10 - 6.05 6.0 4.30 6.0 6.70 . .8.50 7.40 10.00 7.60 9.05
Total Iron (Fe) . mg/t 0.30 : 0.20 0.40 0.40 0.30 1.48 1.20 0.810 0.65 <0.1 <0.1

(l)SOurce: SAR’ 1980

NROTE: 'Accuracy not always consistent with number of significant figures shown.




TABLE 2.7.2.7-9

Dissolved Oxygen and Temperaturé Four Mile Creek
(1960-1968 Average Values, *+1o; at Road A)

Temperature, °C Dissolved Oxygen, ppm
Mazximum Mean " Minimum Mean

52 +6 38.5 +8 4.4 0.5 6.6 +0.9 (99% Saturated)

Source: Brown, et al, 1972.



TABLE 2.7.2.7-10

WATER QUALITY
FOUR MILE CREEK AT ROAD A-7
WATER YEAR 1978(1)

v

CONCENTRATION BY HONTH(i)
PARAMETER UNITS 1977 1978
OCTOBER: NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUCUST SEPTEMBER
Diacharge t/mo  [9.65+DB  1.1E+09  8.9E+08 1.JEe09  2.9E+09  1.6E+09 1.6E+09 1.2E+09 1.2E409 7.3E+08 B.3E+08  7.6E+08
Temperature *c 17.0 200 . 8.0 9.0 5.0 8.0 18.3 17.0 22.0 230 . 2.0 21.0
p pH units| 6.80 6.50 2.0 1.0 1.4 6.5 7.0 - 6.2 5.8 6.2 6.3 . 6.5
Dissolved Oxygen wg/t 7.30 6.60 1.7 11.8 11.4 10.8 11.0 8.3 8.0 1.9 7.1 6.6
Alkalinity (Caco,) wg/t 16.0 16.0 oy 6.0 5.0 7.0 8.0 13.0 12.0 15.0 2.0 12.0
Suspended Solids ng/t 9.00 3.00 4.0 8.0 14.0 4.0 ' 8.0 4.0 4.0 11.0 4.0 %.0
Volatile Solids mg/t | 29.0 30.0 44.0 2.0 - 26,0 2.0 1.0 4.0 11.0 2.0 2.0 28.0
’°;;}i::"°1"°° mg/t | 63.0 70.0 98.0 53.0 50.0 52.0 1.0 . 38.0 75.0 550 64.0 65.0
Total Solids mg/t 72.0 73.0 102.0 61.0 6.0 56.0 0.0 42.0 80.0 76.0 68.0 99.0
Pixed Residue wg/t | 3.0 43.0 58.0 38.0 39.0 32.0 18.0 38.0 69.0  53.0 45.0 71.0
cop : 1 ogle < 5.0 .0 <5.0 .0 5.0 - 5.0 11.0 < < < - 43
Chloride {C1) wg/t 3.20 3.60 3.2 2.5 2.5 2.1 2.9 1.6 2.2 2.5 3.4 4.6
Hitrite (NO,~N) wg/t <0.02 <0.02 €0.02 <0.02 <0.02 <0.02 <0.02 0.01 D.01 0.01 <0.02 <0.02
Nitrate (NO,-R) =g/t 3.00 3.97 4.35 3.93 3.75 3.87 © 375 2.0 3.99 3.84 2.25 3.2
Sulfate (50,-5) ng/t 8.00 6.00 1.0 <2.0 5.0 5.0 1.0 5.0 5.0 %0 7.0 10.0
Sulfide () wgft | <1.0 <1.0 1.0 <a.e NA <1.0 1.0 1Y oy Ty R )
°';33:3°:;?“' wg/t <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.06
A . .
T°:;; f:g-phate mgft 0.03 0.02 ~ <€0.02 0.02 0.03 0.02 . 0.01 <0.02 0.04 0.03 0.07 0.17
4 . g

Aluminum (A1) ng!t <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.8
Azonia (nua)(3) uglt 0.02 0.01 0.03 0.03 ©0.04 0.03 0.1 0.05 0.03 0.01 <0.1 0.02
Calcium (Ca) mglt .10 3.70 3.1 .5 . 2.4 2.1 4w 3.7 3.0 5.7 6.5 4.2
Sodium (Ra) wglt 7.80 9.2 9.8 9.6 4.3 6.6 11.0 13.4 12.3 20.0 15.0 16:0
Total Iron (FPe) mg/t 0.50 0.10 0.1-  <0.1 0.3 0.2 0.4 0.6 0.6 0.6 0.5 1.0
Lead (Pb) wg/t <0.5 <0.5 <0.5 <0.5 <0.5 0.5 <0.5 <0.5 T w.s <05 <0.3

(I)Source: SAR, 1980

2 NA = Not Analyzed,
(3)

Kot consistently reported.

NOTE: Accuracy not always consistent with number of signficant figures shown.




TABLE 2.7.2.7-11

Radionhc]ides in Savannah River Water

1

1 Mile Upstream from
Upper Three Runs (Creek

8 Miles Downstream from
Lower Three Runs Creek

ND = Less than minimum level of detection.

lSc-urce:

"Environmental Monitoring in the Vicinity of the Savannah River Plant,"
DPSPU 7&-30-1, Health Physics Department, SRP, Aiken, South Carolina, 1978.

Minimun Level  R-2 (Control) =~ “at Highway 301 R-10 % of CG at
Radionuclide  of Deteciion Max Min Avg  Max Min Avg Highway 301
*H 300 | . 2,400 <260 390 9,200 1,500 3,900 0.13
335 5.0 ND ND <0.01
Sler 4.3 ND ND <0.001
> *Mn 0.6 ND ND ' <0.0004
®%Co 4.0 ND | ND <0.005
®5Zn 3.0 ND- ND <0.001
895y 0.3 NC ND <0.001
0gy 0.02 1.8 <0.1 0.4 0.9 <0.1 0.3 0.10
9571, Nb 0.5 ND ND <0.001
1032196py 3.2 ND ND <G.03
131y 0.2 ND ND <0.07
137¢s <0.01 ND 0.022 0.008 0.015  <0.001
1%0Ba. La 1.6 ND ND ’ <0.01
141218400 2.5 ND ND <0.02
23%4p 2.2 ND ND <0.002

65 pp.



TABLE 2.7.2.7-12

Tritium Balance In Effluent Water For 1977

Releases Ci
Reactor areas o :
Disassembly basin purges (P and C Areas) 11,389
Miscellaneous releases ‘ 3,348
Reactor cooling water (C- and K-Area heat
exchanger leakage) - 8,908
Process sewer 988
Migration from 50-million- gallon containment
basin (K Area) ‘ 8,400
Par Pond (Measured in Lower Three Runs Creek) 1,277
Heavy water area 1,140
Separations areas
F and H Areas to Four Mile Creek 131
Migration from seepage basins to Four Mile Creek
F Area : 3,657
H Area : 4,526

. Total - 43,764
Measured in effluent watey
Streams at road A (38,599.Ci) + Heavy water area
(1140 Ci) ' 39,739
River at Highway 301 (plant contribution) 42,513

1Source: Ashley & Zeigler, 1978



TABLE 2.7.2.7-13
Tritium Balance Summary (1964-1977)!

Measured in Effluent Water, (<

Yéar Rélsases, Ci% ' Gtyeans at Road A° River at Highway 301°
1964 120,000 131,600 140,000
1965 108,000 109,470 100,200
1966 85,000 97,800 78,000
1967 70,600 76,900 68,500
1968 63,800 67,250 : 61,800
1969 64,600 : . 64,000 58,100
1970 37,900 43,168 31,800
1971 38,200 44,700 39,100
1972 46,800 47,300 45,300
1973 71,100 62,800 61,100
1974 59,900 54,600 46,000
1975 55,600 50,000 49,500
1976 59,600 47,400 51,100
1977 43,800 . 39,700 42,500
Total + 927,900 936,688 873,000

a. Includes tritium migration from seepage basins.
b. Tritium in streams at road A does not include 400-D releases.

c. Corrected for tritium in river water above plant.

1Source: Ashley § Zeigler, 1978



TABLE 2.7.2.7-14

Tritium in Tranfport in Streams and Savannah River,
Ci/yr, for 1977

Location o Tritiun 3% 13705
Four Mile Creek | 17,415
Pen Branch - ‘ 12,839
Steel Creek | ' | . 7,068
Lower Three Runs . -1;277

Total - 38,599
River control - 4,028 2.97 -

River downstream from plant '
(highway 301) . 46,541 3.37 0.2

Apparent plant contributinn a
at highway 301 R 42,513 . 0.40 0.2

a. Includes migration of tritium from seepage basins.

- Less than minimum level of detection.

1Source: Ashley and Zeigler, 1978.



TABLE 2.7.2.7-15

Radioactivity in Four Mile Creek, Ci
No. Location Tritium 205 13704
1 H-Area effluent at road E : 138 0.007 0.008
2 Cooling tower effluent below ‘

'~ H-Area retention basin 10 .005 .177
3 "0.5 mi downstream from road E " 454 .022 0.092
4 Above ‘entry of F-Area effluent 4674 .021 <0.009
5 F-Area effluent at road E - 9 : .C04 0.010
6 Below F-Area effluent at road C 5116 .044 .194
7

Downstream at road A-7 . 8773 0.698 - 0.154

a Desorption from stream bed (exception locations 1 and 5).

lSource: Ashley and Zeigler, 1978



TABLE 2.7.2.7-16
Tritium in Fish]

River Fish, pCi/ml (Frée water)

Above .- Adjacent Below
: Plant " 'to Plant Plant
Year Max Avg Max Avg " Max - Avg
1970 6 4 8 5 11 5
1971 7 3 15 8 1] 7
1972 9 4 16 7 17 8
1973 5 2 16 6 12 6
1974 8 4 54 12 12 8
1975 33 5 6 3 12 6
1976 9 5 10 5 16 8
1977 26 8 24 11 20 13

Isource: Ashley and Zeigler, 1978
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TABLE 2.7.2.7-17

Radioactivity in Fish pCi/g (Wet Weight)!

Catfish - predominantly yellow cat (Ictalurus).
Bass - predominantly large mouth (Micropterus).

No sample or analyais.

1Source: Ashley § Zeigler, 1978

09,805y Y370g 4, pCi/ml
Number Bone Whole Fish Individual Fish
Location - -Species® of Fish - Max:  Avg  Max  Avg  Hax Avg
Ponds .
Par Pond Composite 18 7 T <4 "13 3 - -
Pond B Composite 11 - - 121 20 - -
Streams
Upper Three Runs Bream" 1 - - <0.1 - - -
(Road A) Catfish 3 - - 0.5 0.3 - -
Steeds Pond ’ Bream 2 - - <0.1 <0.1 - -
Lower Three Runs Bream 1 <3.0 <3.0 12.6 12.6 - -
(Patterson's Mill) Catfish 2 4.7 2.5 0.4 0.4 14 15
(Road A) Catfish 1 - - 0.5 - - -
. Steel Creek
{Road A) . Bream ] - - - - - -
Catfish 1 0.2 - 2.8 - - -
Bream - 1 - - 3.9 - “10 -
Steel Creek
(Mouth) Bream 5 10.2 5.3 1.0 0.4 219 146
Catfish 3 14.1 7.2 1.1 0.5 22 17
Bass 0 - - - - - -
Four Mile Creek
(Road 3) Bream 2 3.5 1.7 15.5 8.8 - -
Catfish 0 - - - - - -
Bass 1 7.8 - 1.6 - 626 -
Cassels' Pond )
(Four Mile Creek, Bream 4 2.9 2.9 0.9 <0.1 17 13
3 mi below Road A) Catfish 0 - - - - - -
Bass 0 - - - - - -
River .
2R Bream 9 6.6 2.3 <0.2 <0.2 26 9
(1 milc upstrcam Catfish 11 - - <0.1 <0.1 15 6
of plant) " Bass 0 - - - - - -
Composite 20 <2,5 <2.5 - - - -
8R Bream 1 - - <0.2 <0.2 12 -
(Below Steel Catfish 5 - - 0.2 <0.1 24 11
Creek) Bass 1 - - <0.1 <0.1 12 -
Composite 7 5.4 3.3 - -
10R ’ Bream 2 - - <0.2 <0.2 2 1
(Highway 301) Catfish 7 - - <0.1 <0.1 20 13
Buss 1 - - <0.1 <0.1 - -
Composite 10 6.6 3z - -
@ Monthly composite of bone from all species.
b Individual whole fish except Par Pond and Pond B fish which are composited monthly for
analyses, ' : : .
¢ Bream - Shellcracker, bluegill, and redbreast (Lempomis).



TABLE 2.7.2.7-18

Mercury in Fish, ug/g]

Rivér Above SRP "Rfvér Béi0wZSRP"' " Effluent Streams

Bass '‘Bream ‘Catfish ~'Bass Bréam Catfish ~'Bass Bream Catfish
1971 0.3 0.3 0,3 a 0.4 0.4 | 1.2 0.7 0.5
1972 1.4 46 a 4 7 1.4 .7 .6
1973 1.1 .6 .3 2.8 .4 4 2.5 .5 .7
1974 0.8 .3 .2 1.1 .4 5 1.6 .7 .7
1975 .2 e 2 0:4 . .2 3 0.8 4 .7
1976 0.2 .2 o.é 4 .4 4 2.8 .4 .2

1977 a 0.6 1.5 0.5 0.4 0.6 1.0 0.4 0.4

a No sample

1Sourcé: Ashley and Zeigler, 1978



TABLE 2.7.2.7-19

Mercury in Fish for 1977]

ug/q (Wet Weight)

-No. of Fish Assayed —~ Bass ' B Bream Catfish
Location Bass  'Bream Catfish ~Max ~Min Avg ~ Max ~ Min  Ava Max Min  Avg
Savannah River
R-2 above SRP 0 5 3 - - - 1.9. 0.3 0.8 1.9 <0.3 1.3
R-4 adjacent to a - ‘ ' . o
SRP 1 1 2 <0.3 - <0.3 0.4 - 0.4 0.7 <0.3 0.5
R-10 below SRP at . . :
Highway 301 Q 0 4 - - - - - - 1.8 <0.3 0.7

Plant Streams

Upper Three Runs

Creek at Road A 1 1 0 0.8 - 0.8 <0.3 - <0.3 - - -
- Four Mile Creek _ : : , ‘ o
at Cassels Pond O 2 0 - - = 0.3 0.3 0.3 - - -
Steel Creek at a - : . :
Road A 1 0 3 - .o - 1.0 - - - 0.6 <0.3 0.5

Steel Creek Swamp O 0 3 - - - - - - 0.4 0.2 0.3

- No sample ar analysis.

a
Includes one sucker.

lsource: Ashley & Zeigler, 1978



TABLE 2.7.2.7-20

Pesticide Analyses for 1977

Savannah River Sediment (ng/kg,

River 2 (Upstream)

- DDD
DDE
DDT
Dieldrin
PCB

P WO =
" e e
0o O wLnuvw

Stream Sediment (ug/kg)

River 10 (Dowmstrear)

Four Mile Pen Branch  Steel Creek  Lower Three  Upper Three Upper
Creek, Road A ‘Road A Road A Runs, Road A Runs, Road F  Runs,

Three Par Pond
Road A  Pumphouse

DDT - Co -
DDE -
DDD -
Dieldrin -
PCB - -
Chlordane - 1
Endrin - -

N O N
o ENES

- Not detected

All river and stream water results were less

source: Ashley § Zeigler, 1978

than the sensitivity of the analyses.

L



TABLE 2.7.2.7-21

Pesticide Concentrations in River Sedimentl, 1g/kg?

River Above Plant River Below Plant

1976 1977 1978 7976 1977 1978
DDD 4.6 1.9 b 2.1 b b
DDE_ 2.2 0.5 0.5 2.3 b b
DDT 2 b 3.5 b 0.6 b 0.2
Dieldrin - 5 2.0 0.1 b | b 0.2
PCB - b 8.0 b b b b
Chlordane b b o j b b 1.0

4 River water results were less than the sensitivity of the analyses.

b Not detected.

]Source: "Environemntal Monitoring in the Vicinity of the Savannah
River Plant," DPSPU 78-30-1, Health Physics Department,
SRP, Aiken, South Carolina, 1978. 65 pp. '



TABLE 2.7.2.7-22

Fecal Coﬁiform Bacteria in Savannah Rijver and Plant Streams, Count/100 ml

for 1977

River 2, above plant
River 10, below plant

Upper Three Runs Creek at
Road F

Upper Three Runs Creek at
Road A

Beaver Dam Creek near swamp
Four Mile Creek at Road A
Pen Branch at Road A

Steel Creek at Road A

lower Three Runs Creek at
Road A

Lower Three Runs Creek at
Tabernacle Church Road

d . .
Maximum geometric mean of weekly values.

No. of ‘Weekly
Samples " Max < Min
51 2200 10
51 1600 2
50 610 0
50 460 0
51 1680 0
50 960 0
51 1600 0
51 1760 0
51 1200 0
51 820 0

b Arithmetic average of weekly values.

lsource: Ashley § Zeigler, 1978

Monthly

Mazximum b
Geometric Arithmetic
‘Mean Average
620 320

220 100

180" 70

120 70

310 130

200 30

100 30

220 100

180 100

100 60





