
CHAPTER 4

ENVIRONMENTAL CONSEQUENCES

This chapter discusses the potential environmental consequences of the
construction and operation of the cooling water alternatives for K– and

~:fi:;tOrs [Once-through cooling towers (preferred), recirculating cooling ~E
, and no action] and the D–Area powerhouse [increased flow with mixing

(preferred),direct discharge to the Savannah River, and no action].

This chapter also discusses the cumulative impacts of the construction and
operation of these cooling water alternatives in relation to other Savannah
River Plant (SRP) facilities and to major facilities near the Plant, and
unavoidable and irreversible impacts of these ~lternative~.

Sections of this chapter have been expanded to include new data and analyses
resulting from the Comprehensive Cooling Water Study (Du Pent, 1985b, 1987)
and additional studies conducted in response to public and agency comments on
the draft environmental impact statemnt (EIS). A major change to this
chapter is the inclusion of predictive Section 316(a)-type biological data;
these data enable a detailed evaluation of the potential impacts of the pro-
posed cooling water alternative systems on the major biological components of
the stream ecosystems in relation to the South Carolina water classification
standards.

4.1 ALTERNATIVES FOR K-REACTOR

4.1.1 ONCE-THROUGH COOLING TOWER

As discussed in Section 2.2.1.1, the U.S. Department of Energy (DOE) performed
design evaluations and studies to optimize system performance and achieve cost
savings in the construction and operation of once-through cooling towers
without introducing msjor changes in the nature or magnitude of environmental
impacts. The following description of the potential environmental conse-
quences of constructing and operating a once-through cooling tower for
K-Reactor includes a discussion of the major system features that were studied
and evaluated.

4.1.1.1 Construction Impacts
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The following sections describe the environmental impacts expected to occur
with the construction of a once-through, gravity-feed, natural-draft cooling TE
tower for K-Reactor.

Socioeconomic

The construction of a once-through cooling tower for K-Reactor would be Tc
accomplished in approximately 36 months, after a 9-month lead design period.
Construction could involve a combined workforce for the towers in both K- and
C-Areas. Two groups of workers would be involved in corlstructingboth
towers. The first group, which would include the architect and building crew,
would initially number about 60; this would increase to about 100 when work on
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the second cOOling tOwer began because construction ‘f ‘he ‘irst ‘ower ‘Ould
be continuing. The second group of workers, which would perform related

construction activities such as installing electrical facilities and piping,

would involve an estimated peak workforce of 330 workers. These two groups
would peak at different times during the construction of the towers. The

maximw total construction workforce during these combined activities would

not exceed 400; therefore, the estimated peak construction workforce for

K–Reactor alone is 200 persons.

For planning purposes, average annual construction workforce estimates have
been prepared for the next several years for the SRP and for Georgia power

company’s Vogtle Electric Generating plant (plant Vogtle), which is in nearby

Burke County, Georgia. Table 4-1 lists the projected total levels at bOth
plants from 1987 through 1989. The SRP estimates include the number of
workers required to build the cooling towers.

Table 4–1. Projected Total Construction Workforces at
Savannah River Plant and Plant Vogtlea

Workforce

Location FY 1987 FY 1988 FY 1989

Savannah River Plantb 5700 6600 4500

Vogtle Nuclear Power Plant 3575 30 0

a. Sources: Du Pent, 1985a; Castrichini, 1985.
b. The size of the SRP construction workforce is subject to

change, contingent on changes in DOE authorized programs.

Historic and Archaeological ReSOLIrCeS

The most recent archaeological and historic resources survey of the Pen Branch
watershed area, including Indian Grave Branch, was conducted frOm May thrOugh
August 1984, as described in Appendix E. The survey study area encompassed
the areas that would be disturbed by facilities associated with a once-through
cooling tower for K-Reactor. The survey located 40 sites in the watershed
(see Figure E-2 in Appendix E). None of the sites is in an area that would be
affected by the construction of once-through cooling-tower system.

Water Quality

The principal impact to water quality in Pen Branch during construction of the
once–through cooling-tower system would be temporary increases i,lsuspended
solids due to runoff and erosion. Temporary measures such as berms, drainage
ditches, drains, sedimentation basins, grassing, and mulching would control
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runoff until permanent drainage and erosion control facilities could be
completed. Turbidity screens would prevent downstream movement of suspended
material where ~onstruction activities occur near Four Mile Creek.

Ecology

For a once-through cooling tower with gravity feed, approximately 25 acres of
uplands and bottomland hardwoods would be disturbed by the construction,
including 19 acres for the gravity flow canals, 2 acres for the cooling tower,
and the remaining acreage for the relocation of various other facilities and
construction of service roads and parking areas. The effluent canal from the
cooling tower to Indian Grave Branch would require the removal of about O.5
acre of bottomland hardwoods consisting mainly of sweet gurn-nuttalloak-willow
comunity.

Construction activities could temporarily affect certain wildlife species,
such as birds and turtles at the construction site. Most of the wildlife
would leave the immediate area of construction when activities increase;
however, some should return when construction is complete. The clearing of
areas for construction would result in the 10SS of some small maMMals, such aS
shrews and mice; however, significant adverse impacts to the populations are
unlikely. When construction has been completed, areas that are no longer
needed would be replanted with appropriate grasses, shrubs, or trees and thus
made available for use by wildlife.

The expected impacts from sediment loading on fish and macroinvertebrates
caused by construction would be minimal because the upper reaches of Pen
Branch near the proposed construction are sparsely inhabited at present due to
high temperature conditions (Appendix C).

Radiological Releases

During the construction of the once-through cooling tower, there would be no
changes in the atmospheric and liquid releases of radionuclides. Reactor
operation and the flow rate in Indian Grave Branch and Pen Branch would remain
the same. There would be no changes in reactor releases or remobilization of
radionuclides fram the creek bed and, consequently, radiation doses to the
offsite population would not change.

BB-3

Because the proposed location for the cooling tower is on the SRP, ITC
construction personnel for the tower would experience levels of radiation
slightly elevated above background, resulting from the operation of Plant
facilities. From measurements made at the construction site of the Defense T’E

Waste Processing Facility (DWPF; DOE, 1982), augmented by estimates made for
that site, the annual dose increment to a construction worker who spends 2000
hours (40 hours per week for 50 weeks per year) in the cooling-tower construc-
tion area is approximately 20 millirem. This dose is below the standards of
25 millirem per year from airborne releases and 100 millirem per year from all
pathways established by DOE for uncontrolled areas.

Other Construction Impacts

The construction of the once-through cooling tower for K-Reactor would result
in tbe emission of small quantities of carbon monoxide and hydrocarbons from
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engine exhausts of construction equipment and truck traffic, and suspended
particulate and dust from ground-surface disturbances. All applicable

emissions standards would be met during construction.

construction of the once-through cooling tower would alao cause temporary
increasea in noise levels in the immediate area from construction equipment
such as earth-moving equipment and cranes; however, no noise from these
activities is expected to be detectable offsite.

Solid waste generated during construction (excluding clearing debris) would be
placed in containers for disposal in an approved manner. Fueling and mainte-
nance of construction equipment would be performed under controlled conditions
to minimize spills.

4.1.1.2 Operational Impacts

The following sections present the expected environmental impacts associated
with the operation of a once-through cooling tower for K-Reactor. The
discussion includes the environmental impacts attributable to the potential
operation of a gravity-feed, natural-draft, cooling-tbwer system.

Socioeconomic

The number of workers aaaociated with the operation of a once-through cooling
tower at K-Reactor would not result in any socioeconomic impacts, because only
four additional mechanica would be required.

Historic and Archaeological Resources

Operation of the once-through cooling tower with gravity feed would cause no
impacts to historic and archaeological resources. During the operation of the
cooling tower, effluent would be discharged to Indian Grave Branch, which is a
tributary of Pen Branch. Expected flows in Indian Grave Branch and Pen Branch
would be nearly the same as those at present, with little change in Stream
morphology. An archaeological and historic resources survey in the Pen Branch
watershed area located no significant sites requiring impact mitigation.

Water Quality and Hydrology

The once-through cooling-tower alternative for K-Reactor would lower the
temperature in Pen Branch and the Savannah River swamp. Temperatures, even
under extreme 5-day average conditions, would comply with the State of South
Carolina’s Class B water classification standard of a maximm instream
temperature of 32.2”C. However, during certain times of the Year, the
discharge would raise the stream temperature more than the 2.8°C maximum
above ambient specified in the State of South Carolina’s Class B water
classification standards.

The cooling tower would be designed and oDerated in a manner that would Meet
the maximti weekly aver~ge temp~rature (tiAT) criteria (EPA. 1977) to minimize
thermal shock of fish that could occur with a
1986). Because instream temperatures during
conditions probably would be raised by more than

reactor outage (Muhlbaier,
winter and spring average
2.8°C above ambient due to
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the operation of the cooling-tower system, a Section 316(a) Demonstration
study would be performed after operation begins; the results would be
submitted to the South Carolina Department of Health and Environmental Control
(SCDHEC) in accordance with amended Consent Order 84-4-W. The Section 316(a)
study would determine whether effluent temperature conditions would ensure the
protection and propagation of a balanced indigenous population of fish,
shellfish, and wildlife in and on the waters affected by the discharge.

The reduction of the temperature in Indian Grave Branch and Pen Branch would
cause a corresponding increase in dissolved oxygen concentrations. Studies
show that water temperature controls oxygen content in the thermal portions of
SRP streams (Du Pent, 1985b, 1987). Under current operating conditions, dis-
solved oxygen concentrateions in Pen Branch are sometimes below South Carolina
Class B stream standards during the summer months. Lower water temperatures
would produce higher dissolved oxygen concentrations during the sununermonths,
which would result in compliance with water classification standards. The
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operation of a once-through cooling-tower system would alao reduce both the IBC-10
suapended solids discharg~d to P~n Branch- and sedimentation rates in the ‘
delta. There are two causes of these effects: First, tbe reduction of water
temperatures would allow some vegetation to develop along the banks of the
stream in areas where plants cannot now grow because of the heated discharge
water, thereby stabilizing the stream banks and reducing erosiori;and second,
some of the suspended solids concentrations in the cooling water from the
Savannah River would be reduced by settlement ir.the cooling-tower basin.

Effluents discharged to Indian Grave Branch as the result of the
implementation of this alternative would be chemically similar to those
associated with the present once-through system. Chlorine biocide would be
added to reactor cooling water to prevent biofouling of the cooling-tower
system and to control the growth of pathogenic organisms that could develop in
the heated waters. Chlorine would be neutralized with a sodium sulfite
addition prior to dischar8e to Indian Grave Branch. In bioassay testing
conducted at the SRP using K-Reactor effluent (Appendix C; Wilde, 1987),
residual chlorine concentrations expected to occur with chlorination of the
cooling towers were found to be toxic to representative local fishes
(Iargemouth bass and bluegill). However, after neutralization of residual
chlorine with sodium sulfite, the effluent was no longer toxic to these
species. The proposed neutralization scheme also was found to cause no
significant reductions in dissolved oxygen concentration or changes in pH
(Appendix C; Wilde, ‘1987). There would be a small increase in the concen-
tration of nonvolatile constituents due to evaporative losses of water from
the cooling tower. However, discharges would meet all NPDES permit limits.
When K-Reactor is not operating, the concentrations of chemical pollutants in
Pen Branch would not change appreciably because of the absence of the cooling
water discharge; the stream would meet State Class B water classification
standards (see Section 3.2.3 and Du Pent, 1985b, 1987). ITC

Bc-10

BB-1
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The operation of a once–through cooling tower would result in only small
changes to the water flowa in Pen Branch and the swamp, compared to present
conditions. The evaporation of cooling water from the once-through tower BC-10
would reduce the discharge flow into the creek from its current level of about
11.3 to about 10.5 cubic meters per second; this would produce no significant
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change in the water flOws in the waterways belOw ‘he Outfall. When K-Reactor
is “Ot operating, the flow in Indian Grave Branch and Pen Branch would be

reduced significantly.

The operation of the once-through cooling-tower system would produce no
significant impacts on the subsurface hydrology in the area of K-Reactor.

Present groundwater discharges from the Barnwell and McBean Formations wOuld
continue to discharge to Indian Grave Branch and Pen Branch.

Air Quality

The operation of a once-through, natural-draft cooling tower at K-ReactOr
could result in the formation of ground-level fog, ice, elevated visible
plumes, and total-solids (drift) deposition on the ground. As discussed in
Appendix B, a computer model (Fisher, 1974) was used to predict the atmos-
pheric effects of cooling-tower operation. Hourly meteorological data for the
period January 1975 to October 1979 were used in the analyses; they were
derived from the Savannah River Plant and from the National Weather Service
(NWS) station at Bush Field in Augusta, Georgia. Wind and atmospheric
stability data collected at 61 meters elevation from the K-Reactor tower and
temperature data obtained from the NWS station at Bush Field were the primary
sources of meteorological input. For those periods when wind data from the
K-Reactor tower were unavailable, data from the other SRP meteorological
monitoring stations (described in Section 3.2) were used. If SRP data were
not available, wind and atmospheric stability data based on the pasquill-
Turner approach were used, based on data from the Bush Field NWS station.

The effects of an evaporative-heat-dissipation system on the formation of fog
and ice were determined by the quantity and location of added moisture and by
the existing ambient air conditions. The significant factors in determining
the increase of fogging and icing are the characteristics and quantity of the
effluent air, the height of the effluent plume, and the downwind dispersion of
the plume. The fogging calculations were based on the international defini-
tion of fog (i.e., the reduction of visibility to less than or equal tO 1
kilometer) (Pettersen, 1956).

For the once–through natural-draft cooling tower with gravity feed, the
calculated maximum annual mean frequency of reduced ground-level visibility to

less than 1000 meters would be less than 2 hours per year for all directions
from the K-Reactor cooling tower.

The calculated maximum ice accumulation on horizontal surfaces due to the
operation of a once–through natural-draft tower would be no more than 1
millimeter.

The maximum occurrence of visible plUMeS aloft would be 180 hours per year in
the immediate vicinity (0.4 kilometer) of the cooling tower. The plumes would
be visible from SRP roads within 2 kilometers of the tower, for approximately
50 hours per year.

Figure 4-1 shows the iaOpleth~ of annual total solids deposition due to the
operation of the once-through natural-draft cooling tower with gravity feed
for K–Reactor.
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The calculated maxim~ annual tOtal-sOlids deposition (defined as the tOtal
amount of solid material deposited as dry particles and in droplet form) would
be about 0.5 kilogram per acre per year within 2 kilometers of the tower in
all directions.

Noise

The operation of a once-through natural-draft cooling tower with gravity feed
at K-Reactor would cause increases in noise levels. Cooling-tower noise would
come from falling water. Beyond approximately 152 meters from the cooling
tower, average sound levels would be below 70 decibels. [Continuous exposure
to 70 decibels or less has been determined to cause no loss of hearing (EPA,
1974).1 At the nearest offsite area, noise from K-Area activities would not
be detectable.

ECO1OKY

Vegetation and Wetlands

Vegetation near the cooling tower would be subject to salt deposition
attributable to drift from the tower. Cooling-tower drift can cause
vegetation stress either directly by deposition of salts on the foliage or
indirectly from excess accumulations of salts in the soil. Salt stress in
plants, which can occur via various mechanisms, includes (1) increased osmotic
potential of the soil solution affecting the availability of soil moisture to
the plant; (2) alteration of the mineral nutrition balance in the salt
tissues; and (3) toxic effects due to specific ion concentrations in the
plants (Bernstein, 1975; Hanes, Zelazny, and Blaser, 1970; Allison, 1964;
Levitt, 1980).

Tolerances and susceptibility to salt deposition are highly variable,
depending on the plant species and o“ other conditions in the environment.
Vegetative studies indicated that thresholds for development of visible salt
stress symptoms on the most sensitive species were approximately 83 kilograms
per acre per year of sodium chloride salt (INTERA, 1980). Studies indicate
that at sodium chloride deposition rates of about 41 kilograms per acre per
year, agricultural productivity can be reduced (Mulchi and Armbruster, 1981).
Because private agriculture is not permitted on the SRP, vegetative stress, if
any, from cooling-tower drift would be limited to the natural plant
communities in the vicinity of the towers.

The composition Of the drift is equivalent to that of the circulating water.
Table 3-3 indicates the concentration of substances in the circulating water
for the once-through cooling tower. The substance of particular interest with
regard to its potential for damage is the chloride ion. The other constit-
uents listed in Table 3-3 either are at concentrations low enough to be
negligible or are potentially beneficial.

The operation of ~ On~e-thrO~gh natural-draft cooling tower with gravity feed
would result in an estimated total ~Olid~ deposition Of about 0.5 kilogram per
acre per year within 2 kilOmeter~. The sodium chloride deposition rates from
the cooling tOwer wOuld be m~~h less than the critical values (reported by
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Mulchi and Armbruster, 1981 and INTERA, 1980) that can cause reduced
productivity of plant species. Therefore, no significant impacts on
vegetation are expected.

The most significant impact on the vegetation reiulting from operation of a
once-through Cooling-tower system wO~ld be a red~~tiOn in the 1~~~ Of wetland
habitat due to thermal discharges. Because the stream would still be subject
to variable flows, there would be incomplete reestablishment of upstream
wetland conununitiesalong Indian Grave Branch and Pen Branch. From 1955
through 1984, about 670 acres of wetlands were affected in the Pen Branch

TC

floodplain and swamp due to thermal discharges and flooding (Du Pent, 1985b, ~C
1987; Appendix F), with an average loss of about 26 acres per year in the
swamp. The operation of a once-through cooling-tower system would eliminate
additional losses in the stream corridor. Thermal effects are one of the
three major factors (the others are flooding from reactor operation and river
f100ding) responsible for continuing swamp canopy loss (Du Pent, 1985b, Tc
1987). The reduction in effluent temperatures would, therefore, have a
positive effect on wetland communities by significantly reducing wetland loss
rates.

TO assist in ongoing consultations with the U.S. Fish and Wildlife Service
(FWS), a Habitat Evaluation Procedure (HEP) analyais (Mackey et al., 1987) was
conducted; this procedure identified the value of habitat to be gained or lost BC-3
with the once-through cooling-tower alternative (see Section 4.6 and
Appendix C for more details on HEP analysis).

Aquatic Habitat and Biota

Balanced communities containing indigenous species in all biotic categories
should develop and remain in all natural portions of the Pen Branch ecosystem
following the implementation of a once-through cooling-tower system for
K-Reactor. Predicted maximum water temperatures in the immediate discharge

area would be below the maximum of 3Z.Z”C required for ClaSS B Waters of the
State of South Carolina. However, the other temperature criterion for Class B
waters (maximm temperature change of 2.8°c) would sometimes be exceeded in
the stream. Accordingly, a Section 316(a) Demonstration study would be
conducted to determine if a balanced biological conununitywould be maintained.

To compare and assess environmental impacts to the Pen Branch watershed before
and after operation of the once-through cooling system, the stream system has
been divided into three reaches based on the presence of distinct stream
gradients: Reach 1 extends from the K-Reactor outlet down to SRP Road A,
Reach 2 extends from SRP Road A to the mouth of the Pen Branch delta, and
Reach 3 extends from the Pen Branch delta to the Savannah River.

Conditions for all biotic categories would be greatly enhanced following
mitigation in comparison to present conditions. Based on exter,sive data from
Steel Creek, which had been impacted previously, recolonization of areas
within the Pen Branch system that are presently uninhabitable because of
excessive temperatures would occur rapidly. Furthermore, an analysis of the
temperature requirements of the representative and important species
indigenous to the creek system has revealed that these species would not be
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~ffected adversely by the higher-than–ambient temperatures resulting from
K–Reactor operation following mitigation with the once–through cooling-tower

system (Du Pent, 1987).

The Pen Branch system, which includes Pen Branch and Indian Grave Branch, is a
low potential impact area for phytoplankton. The food base throughout this
~y~tem ~onsist~ of detrital material rather than pbytoplankton, as is typical

in lotic systems. Primary producers in the Pen Branch system consist mainly
of periphyton and macrophytes (Du pOnt. 1985b, 1987).

Following the implementation of a once-through cooling tOwer, zooplankton
would become established in the primary study area. This newly established
zooplankton community would provide food for the establishment of balanced
indigenous macroinvertebrate and fish communities. The maximum predicted
sununer temperatures in the Pen Branch system would be within the range
tolerated by most, if not all, indigenous species; accordingly, the heated
discharge should cause no appreciable harm to tbe zooplankton co~unitY. The

standing c,rop of zooplankton cOuld be enhanced by the relatively slight
temperature elevations above ambient, and species composition and community
structure should be similar to those of tbe Pen Branch system before K-Reactor
operation and to those of other natural streams in the region. The heated
discharge is not likely to alter the standing crop, community structure, or
seasonal’periodicity of zooplankton in the farfield study area from those
values typical of the receiving water body segment before reactor operation.
Furthermore, cooling-tower discharge flow would not constitute a lethal
barrier to the free movement (drift) of zooplankton.

The habitat-formers community would improve with the addition Of a Once-
through cooling tower for K-Reactor. However, the pattern of recovery is
difficult to predict. Unlike the Steel Creek delta, which in early 1968
stopped receiving both high flow and temperature from L–Reactor, temperatures
will become reduced, but high flow will remain from the K-Reactor tower.

At present, much of the Pen Branch system (especially Reaches 1 and 2) have
temperatures that exceed the thermal tolerances of many aquatic plants. The
reduction of temperatures to below lethal limits would allow the establishment
of’macrophytes and other aquatic “plants, especially into Reaches 2 and 3.
Reach 1 (Indian Grave Branch) is in a steeper, higher gradient Stream valleY
than the rest of Pen Branch; macrophytes and other vascular flora are not as
likely to develop there. Reaches 2 and 3 have lower gradients, are more open,
and are more conducive to the establishment of mature plant communities.
However, the high flows from the cooling tower probably would impede the types
of vegetative communities that could develop. A reduction of macrophyte
growth in the main channel caused by an increase in flow has been observed in
Lower Three Runs Creek. A reduction in the size of macrophyte beds
(Polygonurn)has been observed in Steel Creek along the main channels after
increased flows in Steel Creek since the restart of L-Reactor in October
1985. Macrophyte development in Pen Branch probably would be restricted tO
the edges of the islands throughout Reaches 2 and 3. -3 Ludwigia,
Cyperus, Sagittaria, Leersia, Hydrolea, and Polygonm should become
established along the channel margins and in backwater areas of reduced flow.
Due to high flows and changing water levels, macrophytes would be uncommon in
the main portions of the stream channels. In deeper water areas of slow flow,
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Ceratophyllm and Myriophyllum could
should continue to develop in areas of
and erosion of islands through channel
including blue-green species, should
months due to nutrient loading from the

be abundant. Buttonbush and willow
reduced temperatures, provided flooding
modification is not extensive. Algae,
continue to be conunon in the warmer
cooling tower (Du Pent, 1987).

The reduced temperature regime resulting from the cooling tower would permit
the invasion of some species of aquatic macrophytes and periphyton in parts of
the system that are presently too hot to support plant life. However, rapid
water velocities and a ~~oured stream substrate wOuld make rOOt penetration
difficult; these conditions are expected to retard the development of macro–
phyte communities in the center of the stream channel. In contrast, good
development of aquatic macrophyte and riparian conununitiesis expected along
the stream margins, as well as in the delta area, where the stream channel is
braided and water velocities are reduced.

The combination of above-ambient temperatures and the ~utrient-ri~h river
water that is used for reactor cooling should result in higher levels of
primary production than would occur without reactor discharge. In addition,
much more aquatic habitat would exist with a once–thrO~gh ~OOling tower than
would exist without the reactor discharge, because of the higher water levels.

However, flow fluctuations during reactor cycling would result in the
dewatering and subsequent dessication of large areas of stream bottom during
reactor outages. The flow fluctuations probably would result in a macrophyte
community dominated primarily by emergent species that could withstand
dewatering, although some submerged mcrophyte species probably would become
established in pools and backwater areas. The dewatering also would impact
periphyton communities, causing major die-offs during reactor outages. Thus,
although conditions with the cooling tower would be improved over existing
conditions due to reductions in stream temperatures, f10” fluctuations would
perturb the ecosystems of the stream corridor and delta areas to some extent
and would influence the types of communities that would develop in these areas.

A once–through cooling tower would reduce stream water temperatures (See
Chapter 2 and Appendix B) in comparison to present conditions, and would
provide a thermal regime in the Pen Branch system conducive to the estab–
lishment of a reasonably diverse n!acroinvertebrate community. Following
implementation of this alternative, the maximum predicted temperatures in the
three reaches of the stream would be within the range tolerated by most, if
not’all, indigenous macroinvertebrate species.

Macroinvertebrates that utilize detritus (i.e., dead algae and other organic
material; collector-gatherers and collector-filterers) probably would be
favored in Pen Branch. In time, as riparian vegetation develops and begins to
shed leaves into the stream, the relative abundance of shredders shOuld
increase. Organisms with short generation times (less than 1 month) should
have a competitive advantage over longer-lived species, because they probably
would be able to complete one or more life cycles during a single reactor
cycle. Mobility would also be a factor in determining tbe macroinvertebrate
species composition of Pen Branch, because species that can move quickly into
deeper water or that can enter the drift rapidly would be favored over more
sessile species. Species that can resist dessication in one or more life
stage would have a competitive advantage.

BB-3
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Numerically, the chironomids should continue to dominate the macroiIlvertebrate
connnunityof the Pen Branch corridor, as they do in most southeastern streams
(Smock et al., 1985). The dominant chironomid taxa, however, would shift,
with the more thermally tOlerant species being replaced by Other sPecies that
are not thermally tolerant. Organisms (e.g., mayflies and beetles) that can

migrate quickly would be favOred in Pen Branch, while sessile organisms, as
well as taxa that pupate in the water (e.g., caddisflies) could experience
high rates of mortality during reactor outages. Species that inhabit the

stream substrate might not be greatly impacted, except during extended reactor
outages, when discharges could be reduced long enough to dry out portions of
the stream substrate completely. Although Pen Branch should support a
reasonably diverse macroinvertebrate community, fluctuations in water level
and an elevated temperature regime could preclude the establishment of some of
the more sensitive macroinvertebrate taxa in the stream.

Although above-ambient temperatures should produce earlier emergence of many
species of aquatic insects, no major adverse impacts should occur. The
slightly elevated temperatures could permit multivoltine species of insects
(those that complete more than one life cycle per year) to produce one or more
additional generations per year, thereby increasing the net annual production
of the macroinvertebrate community.

The fluctuating water levels during reactor cycling would affect the
macroinvertebrate conununityof Pen Branch to some extent. Increased drift
would occur during rising and receding water levels, which could result in
increased predation and possibly temporary reductions in standing crop.
Dewatering of macroinyertebrate habitat (logs, leaf packs, stream substrate,
etc.) during reactor outages could result in substantial mortality for some
species of macroinvertebrates. If large periphyton die-offs are caused by
dewatering, secondary production could be reduced temporarily due to the
reduced availability of food. However, the standing crop of macroinverte-
brates in Pen Branch should be sufficient to ensure a good supply of food for
higher trophic levels (i.e., fish).

The cooling-tower discharge flow would not interfere with the drift or
upstream movement of macroinvertebrates, because the predicted maximum
temperature of the plume would be less than the upper thermal limits of most
macroinvertebrate species indigenous to the southeast. No significant
farfield impacts should occur, because the water would be near ambient
temperature by the time it reaches the Savannah River (see Appendix B,
Table B-4).

A once-through cooling tOwer would improve conditions for the fish communities

in the Pen Branch system. The conununityin upper Pen Branch above K-Reactor
is not expected to change substantially from present conditions, because the
fish Conununitiesin the upper reaches Of SRP tributary streams appear to be
stable and not affected significantly by reactor operations. One major
difference caused by ~ooling-tower ~PeratiOn could enhance the fish community
in this portion of the stream system. Water temperatures at the confluence of
Indian Grave Branch and Pen Branch would never exceed 32°C or have an
average monthly AT greater than 10”C (winter; see Appendix B, Table B-4).
Accordingly, water temeer-at”re~hOuld not inhibit the movement of fish between
the Savannah River and the head”ater~ af pen Branch. This could result in
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additional spawning in the upper reaches and could provide a pathway for
immature fishes spaned in these reaches to contribute to the populations in
Reaches 1, 2, and 3 below K-Reactor and in the Savannah River.

Following implementationof this alternative, a temperature-restricted zone of
passage in Reach 1 should not exist; this would allow fish to reinvade this
section and could provide spawning and nursery areas for some species.
Maximum temperatures in Reach 2 would not exceed 32°C and average monthly
AT values would not exceed 10”C (see Appendix B, Table B-4); this should
allow indigenous fish species to inhabit Reach 2. Some areas of Reach 2
shOuld be suitable for spawning, thereby increasing fish
Furthermore,

populations.
the addition of slightly heated and relatively nutrient-rich

Savannah River water to Pen Branch via the cooling-tower discharge should
increase primary and secondary production in this area. The result would be
an enhancement of fish growth in this portion of the creek in comparison to
expected fish growth under ambient conditions. All of Reach 3 should be
suitable habitat for all indigenous fishes of the Pen Branch system. Water
temperatures should not exceed 31“C and average monthly AT values would
not exceed 8“c in this region during the winter (see Appendix B, Table
B-4). Reactor operation should have no adverse impact on reproduction.
Growth should be enhanced by the increased productivity resulting from the
slight temperature elevation and nutrient loading from Savannah River water
puMp~d through the system.

The n!aximumpredicted water temperature at the cooling-tower discharge point
would be 32°C (see Appendix B, Table B-4) and the maximum predicted average
monthly temperature would be 29°C. In contrast, the upper incipient lethal
temperatures for representative and important species (largemouth bass,
bluegill, and catfish) are in the mid– to upper 30s”c. The cooling-tower
system would comply with the temperature shock limits proposed by the U.S.
Enviro~ental Protection Agency (EPA) for the protection of all warm-water
fishes (EPA, 1977). Laboratory studies have shown these limits to be
protective of the temperature tolerance limits of largemouth bass, bluegill,
and channel catfish (Wilde, lg87; storms, 1985). Reproductive success and
growth of all indigenous fish species should be improved over present
conditions by implementation of this alternative; growth could be enhanced
even above potential ambient temperature levels because the slight warning
from the cooling-tower discharge would result in optimal growth temperatures
for more of the year than with ambient conditions. Maximal absolute temper-
atures and ATs should not block fish migration. Thus, the entire Pen Branch
system should be available for fish habitation; the free movement of fishes
between the headwaters of Pen Branch and the Savannah River should not be
inhibited by K-Reactor operations at any time during the year. The thermal
discharge flow should not block fish migration or exclude fish from any part
of the ecosystem.

Entrainment and Impingement

The operation of a once-through cooling tower would not require any changes to
the intake cooling water flow rates. Accordingly, expected entrainment and
impingement impacts would be similar to current impacts for K-Reactor.

-3
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The entrainment rates at the lG and 3G intakes, as determined by onsite

studies conducted annually from 1983 to 1985 (DOE, 1987), result in the

average IOSS Of approximately 17.6 x L06 fish ~ar~ae (range: 10.2 x 10’

to 26.1 X 10’ fish larvae; Appendix C) during the February-to-July spawning

season at the Plant. Estimted losses of fish eggs average 9.3 X 10

(range: 5.3 x 106 to 14.0 x 106 eggs; Appendix C) each spawning season.

Because about 50 percent of the water drawn into the two intakes is used for
cooling K-Reactor, abOut half the tOtal loss of larvae (8.g x 106) and eggs
(4.6 ~ 106) can be attributed ‘to the operation of this facility. The

taxonomic groups whose larvae are most impacted by entrainment through the lG
and 3G intakes are tbe Clupeidae (shad, heiring, etc.) the Centrarchidae
(crappie, sunfish, etc.), and the Cyprinidae (carp, etc.). The eggs of the
American shad and striped bass were entrained most Often, accounting for an
average 73 percent of all eggs entrained.

Overall entrainment losses for K-Reactor OperatiOn averaged approximately 5.4
percent (range: 4.4 to 7.5 percent) of tbe ichthyoplankton passing the SRP
intakes (DOE, 1987). Egg losses‘were concentrated among two anadromous
species, American shad and striped bass, but only populations spawning in the
30 miles of the river between the New Savannah Bluff Lock and Dam and the SRP
are affected. ‘herican shad and striped bass spawn throughout the Savannah”
River, but the primary region fOr striped bass spa~ing is in” the tidallY
influenced portions of the river near Savannah. Entrainment of ichthyo-
plankton of fresh water species primarily affects the eggs and larvae of
individuals that spawn in the vicinity of the intake canals, either in the
river or in the lG and 3G Canals. Consequently, the effect of entrainment of
fish eggs and larvae should be small and restricted to local fish populations. ‘

The current rates of impingement at the lG and 3G intake,screens would not be
expected to change with a once-through cooling–tower system. During investi-’
gations conducted annually from 1983 to 1985 (DOE, 1987), projected annual
impingement for the two intakes combined averaged approximately 5885 fish
(range: 2986 to 953& fish per year; Appendix C), about half (2942 fish Per
year) of which can be attributed to K-Reactor. The principal species affected
were bluespotted sunfish and threadfin shad; gizzard shad, redbreast sunfish,
and warmouth were also impinged frequently.

Threatened and Endangered Species

Several inactive red-cockaded woodpecker colonies are located in the Pen
Branch area. However, because the preferred habitat of this species is mature
pine forests rather than wetland Or bottomlaridhardwoods near the creek, the
operation of the once-through cooling tower would not impact the habitat Of
this endangered woodpecker.

The American alligator occurs On the SRP site in both flowing-water and lake
environments. Temperatures in the thermal region of Pen Branch under present
~perating conditions are higher than 50”c in the summer, which exceeds the
critical thermal maximum of 38°c for the alligator. Thus, alligators cannot
inhabit major portions of the stream during reactor operation. This alter-
native would improve habitat ‘quality over existing conditions; however*
fluctuating water levels and elevated water temperatures could affect this
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species adversely by flooding nests, eggs, and hibernation sites’. Elevated
temperatures during the winter and spring months could influence reproduction, BB-3
nesting, and survival by hastening sexual maturation and nesting’in-thespring:

The federally,endangered bald eagle is a fairly Comon permanent breeding
resident in SOuth CarOlina:!and is most abundant in the coastal region; it‘:
migrates from the southeast to the northern states and Canada’in hid-summer
and returns south in the fall and early winter to nest and rear its young
(SPrUnt and Chamberlain, 1970). Tbe presence of this~~species on Par Pond was
first recorded i“ May 1959 (NOrri~, 1963); eagles have been sighted frequently
on the SRP since 1978 (Mayer et al., 1986).

‘TC
The first sighting of an active bald eagle nest on the SRP occurred on June 5’,
1986. The nest contained two eaglets. In 1987, the mating pair returned to
theirnest and fledged two.eaglets. The ‘nestis located below par p~nd”dam in
the Lower Three Runs Creek drainage:area. .~Becausethis -nest’is outside the:
preferred alternative cooling impact zones and due to the ‘implementationof
management practices in accordance with the guideline’sof the .1984bald eagle
recovery plan, the U.S. Fish and Wildlife Service (FWS).issued a’finding of no
effect to this species in 1986 (Henry, 1986). ,,,.~

Although shortnose sturgeon larvae and adults have been’collected ‘:fiomthe
Savannah River and the intake cana.l~,. no ~hortrio~e sturgeon have been
collected from any SRP creeks, nor,do these areas provide spawning habitat.
Current SRP operations have been determined to have no adverse iMPaCt on the
endangered shortnose:sEurgeon population in the Savannah:.River (Oravetz, 19’83).

,.

A total of 59’endangeredwood storks were observed foraging in the Pen Branch
delta from 1983 through 1986 (Du Pent, 1987). The high flow rate, water
depth, and lengthy reactor cycles associated with the operation of K-Reactor BB-3
and a once-through cooling’tower could minimize the availability of qtiali<y~~~~
foraging habitat for the wood stork.

Formal consultation was held between DOE and FWS on the bald eagle”,American;
alligator; red-cockaded woodpecker, and wood stork.: Based on this consul-
tation, the FWS issued a .biol’ogicalopinion that “the:‘preferred:ilte’rnative.Tc
cooling systems should have no effect on endangered’and threatened species
(Parker, 1986; Henry, 1986): In addition, the” Nationa:l Marine Fisheries
serVice (~FS) has previously concurred in DOE‘S determination that the
population of shortnose sturgeon in the Savannah River would not be affected
adversely by SRP operations (Oravetz, 1983).

,,.,,,
Radiological Releases ,:

,,,
The radiological releases associated with the dischargeof cooling water from
K–Reactor are those resulting from either the remobilization of radionuclides
contained in the Indian Grave Branch and Pen Branch streambeds and floodplain,,
or those resulting from smll process–water leaks into the cooling water.

,. ,,

The operation of.the once–through coolinE tower would not result in any
significant changes in. the remobilization of .radionucl.idescontained in the
streambed’and “floodplain,because.the flow rate of cooling water discharged to
the creek would remain essentially unchanged. The operation of the cooling
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tower, however, would decrease the amOunt Of triti~ discharged tO the stream
and, correspondingly, would increase the amount of tritium released to the
atmosphere because of evaporation from the tower. The following sections

discuss changes in the doses to the maximally exposed individual at the SRP
bOundary and to offsite population groups (based on Year 2001) projections)
attributable to the change in atmospheric and liquid releases of tritiufn
resulting from operation of the cooling tower.

Appendix G contains details of the dose assessment methodology
it also contains tables that list specific organ doses by
group.

Atmospheric Releases

and parameters;
pathway and age

The amount of tritium released to the atmosphere is expected to increase by 50
curies per year (about 0.012 percent of total SRP releases of tritium to the
atmosphere) as a result of cooling water evaporation. This release would
increase the atmospheric dose co~itments of the regional population and the
maximally exposed individual. Changes in dose commitments resulting from the
increased release of atmospheric tritium are s~arize.d below.

Maximum Individual Dose - The hypothetical individual who would receive the
highest effective whole-body dose from atmospheric releases associated with
this cooling alternative is assmed to reside continuously at the SRP boundary
about 8.8 kilometers west of K-Reactor. This location has the minimum
atmospheric dilution, based on distance to the Plant boundary and meteoro-
logical dispersion characteristics. This individual is assumed to receive
doses by inhalation and by the ingestion of meat, vegetation, and cow’s milk.

The annual increase in soft-tissue and effective whole-body doses to the
maximally exposed individual due to the atmospheric release of tritium is
sununarizedin Table 4-2.

Population Dose - Collective doses resulting from atmospheric releases
associated with this cooling alternative have been calculated for the
population within 80 kilometers of the Plant, The annual effective whole-body
dose to this population would increase by 4.97 x 10-3 person-rem as a result
of the increase in tritium released to the atmosphere.

Liquid Releases

The operation of the once-through cooling tower would reduce the amo’untof
tritium released to Pen Branch. The release of tritium would decrease by 50
CurieS per year (abOut 0.12 percent of total releases of tritium to streams)
as a result of the evaporation of cooling water in the tower. Doses
associated with the change in liquid releases are discussed below for both the
population and the maximally exposed individual.

Maximm Individual trose- The hypothetical individual who would experience the

greatest change in dose from liquid effluents is assumed to live near the
Savannah River do~~tream from the Savannah River Plant. The individual is
assumed to use river water regularly for drinking, to consume fish from the
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Table 4-2. Increase in Annual Doses to Maximally
Exposed Individual Resulting from
Atmospheric Releases of Tritium from
K-Reactor Once-Through Cooling Tower

Incremental dose increase (mremfyr)

Effective whole
Age group body All soft tissue”

Adult 1.05 x 10-4 1.23 X 10-4
Teen 1.14 x 10-4 1.34 x 10-4
Child 7.86 X 10-5 9.24 X 10-5
Infant 2.33 X 10-s 2.74 X 10-5

a. Tritim imparts an equal dose to all soft
tissues (i.e., all organs except bone) that
is about 18 percent higher than the effective
whole-body dose.

river, and to experience external exposures from shoreline activities. The
individual is also assumed to drink more water and eat more fish than an
average person.

Table 4-3 sununarizes the annua1 decrease in soft-tissue and effective
whole-body doses received by the maxi~lly exposed individual due to a
decrease in the liquid release of tritium.

Population Dose - Savannah River water is not used for drinking within
80 kilometers downstream of the Savannah River Plant; therefore, the dose to
the population in this area would come from fish and shellfisb cons~pt ion,
and shoreline activities.

The decrease in the collective dose to the Year-2000 population of 852,000
within 80 kilometers of the Savannah River Plant from liquid releases of
tritium associated with this cooling alternative would be 2.46 x 10-5
person-rem per year (Table 4-4).

The Beaufort-Jasper and Port Wentworth population groups use the Savannah
River as a source of potable water. While these groups are more than
80 kilometers from the Savannah River Plant (about 100 river miles down-
stream), their drinking–water doses have been calculated. The decrease in the
collective dose delivered to these populations (an estimated 317,000 people
will consume water from the Beaufort–Jasper and Port Wentworth water-treatment
plants by the Year 2000) from tritium in drinking water is 3.26 x 10-Z
person rem per year, as presented in Table 4-4.

rE
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Table”4-3.

,...’

Decrease’in ‘AnnualDoses’to Maximally
Exposed Individual’Resulting from a
Decrease in LiquidReleases of
Tritium from K–Rea”ctor’Once–Through
Cooling Tower

Incrementaldose reduction (mrem/yr)

Effective whole ; ~~ ,.. ,

Age group body All soft tissue’

Adult 2.19 X 10-4 “2.58X 10-’
Teen 1.54 x 10-4 1,81 X 10”’ ‘!
Child ‘1.50 x 10-” 1.76 X 10-4 ‘“”
Infant 9.52 X 10-5 1.12 x 10-4

,,

a. Tritium imparts an ‘equal~ dose to all “soft
tissues (i.e.,“allorgarisexcept bone) that is
about 18 percent higher than the effective
whole–body dose.

! Table 4-4. Decrease in Collective!”Effective “
Whole-Body Dose Resulting from
Liquid Releases of Tritium from
K-Reactor Once-TtiroughCooling Tower ““’

,,, .,:
., ,., ,

Incremental
.,, collective dose reduction “
Population group (person-rem/yr), ~”

.;!-.., ,,, !.,,,.

80-kilometer radius 2.46 X 10-S
Beaufort-Jasper : 1:13 x 10-2
Port Wentworth 2.13X 10-Z ~~ - ,.

,..,.
Total 3.26 X 10”-Z ~~

,,

Overall Changes in Offsite DOSeS ,,
,.~,.,.,,. .

Table ‘4-5 sununarizes~hange~ in the ~ffe~tive whole-body dose received by the
maximally exposed individual resulting from the operation of this cooling
alternative., .Table4–6 indicates changes in the collective dose.
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Table 4-5. Changes in Effective Whole-Body Dose Received by Maximally
Exposed Individual Resulting from Operation of K-Reactor
Once-Through Cooling Tower (millirem per year)a

Source of exposure Adult Teen Child Infant

Atmospheric tritium 1.05 x 10-4 1.14 x 10-” 7.86 X 10-’ 2.33 X 10-5
releases

Liquid tritium –2.19 X 10-4(” .-1.54X 10-4 –1.50 X 10-4 –9.52 X 10-5
releases

Net dose change -1.14 X10-4 –4.00 x 10-5 “=7.14x 10-5 -7.19 x 10-5

a. Tritium imparts an equal dose to all‘ soft’tissues’-”that is about 18 percent
higher than the effective whole-body dose.’

b. Negative sign denotes a decrease in dose.

The average background total-body dose to an individual living in the vicinity
of the Savannah River Plant is 93 millirem per year. By extrapolation, the
annual collective dose to the 80-kilometer population ‘is’”79,200 person–rem; to
the Port Wentworth water users, it is 18,600 person-rem; and to the Beaufort-
Jasper water users, 10,900 person–rem.

,;:
-,:

,,,
This cooling alternative would reduce the annua~ dose to the effective whole
body of the maximally exposed adult and the annual collective effective
whole-body dose to Port Wentworth””and Beaufort-Jasper water users by 1.14 x
~o.. millirem, 2.13 X 10-Z person-rem, and 1.13 x ~o-z person–rem,
respectively; it also would increase the collective effective whole-body dose
to the 80-kilometer population by 4.95 x 10-3 person-rem per year. These
dose changes are very small c“omparedto the normal year–to-year variations in
natural background radiation.

Present tritium releases to the Savannah River”’from Indian Grave Branch and
Pen Branch result in an effective whole-body ‘dose of 5.18 x 10-’ millirem
Per Year to the maximallv exuosed adult. This alternative would reduce the
iiquid tritium dose by ‘2.19’X
atmospheric dose by 1.05 x 10-4
reduction of 1.14 x 10-4 millirem

Health Effects ..

Risk estimators used to’ oroiect

~o.4
millirem per year and increase the

millirem per year, resulting in an overall

per year.

health’ effects are 120 fatal cancers and
257 genetic effects per 1’mi~lion. person-rem”of collective dOse; Appendix G
presents the risk estimators by organ. According to these estimators and the
organ doses, the population within 80 kilometers of the SRP could experience
an annual increase of 5.82 x 10-7 excess cancer fatality and 1.50 x 10-6
additional ~efletic disorder from the operation of this alternative cooling
water system.
downstream from

The populations at’ Beaufort–Jasper
the Plant could experience decreases

and Port WentwOrtL
of 3.84 x 10-6 fatal

TE

[BC-22

BC-22
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Table 4-6. Changes in Collective Effective Whole-Body Dose Resulting from Operation
of K-Reactor Once-Through Cooling Tower (person-rem per year) I

I
80-kilowter Beaufort- Port

Source of exposure population Jasper Wentworth Total I
I

Atmospheric tritium 4.97 x 10-’ -- -- 4.97 x 10-3 BC-22
releases

Liquid tritium -2.46 X 10-s -1.13 x 10-2 -2.13 X 10-Z -3.26 X 10-2
releases=

Net dose change 4.95 x 10-3 -1.13 x 10-2 -2.13 x 10-2 -2.77 X 10-2 I
a. Negative sign denotes a decrease in dose. I



cancer and 9.87 x 10-’ genetic disorder per year. Table 4-7 summarizes this
information.

Table 4-7. Changes in AnfiiialHealth Effects

Genetic Fatal
Population group disorders cancers

80-kilometer radius 1.50 x 10-’ 5.82 X 10-7
Beaufort-Jaspera -3.42 X 10-’ -1.33 x 10-’
Port Wentworth -6.45 X 10-6 -2.51 X 10-’

Total -8.37 X 10-6 -3.26 X 10-6

a. Negative sign denotes a decrease in health effects.

4.1.2 REcIRCULATING COOLING TOWERS

4.1.2.1 Construction Impacts

Socioeconomic

Construction of tbe recirculating cooling, towers for K-Reactor would be Tc
accomplished in approximately 42 months after a 9-month lead design period.
This construction could involve a combined workforce for the towers in K- and
C-Areas. Two groups of workers would be involved in constructing these
cooling towers. The first group, which would include the architect and
building crew, would initially number about 90. This group would increase to
about 150 when work on the cooling towers for C-Reactor began because
construction of the towers for K-Reactor would be continuing. The second
8roup of workers would perform related construction activities, such as
installing electrical facilities and piping; this group would involve a peak
workforce of 490 personnel. The two workforce groups would peak at different
times during construction. The maximum total construction workforce during
these combined activities would not exceed 600; therefore, the estimated peak
constructionworkforce for K–Reactor alone is 300 persons.

As described in Section 4.1.1.1, construction workers from other local
projects would be available for employment on the plant. Because these
workers already reside in the SRP area, no impacts to local communities and
services due to immigrating workers would occur.

Historic and Archaeological Resources

No sites within the Pen Branch and Indian Grave Branch watershed area would be
affected by the construction of recirculating cooling towers (see Appendix E TE
for more details).
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Water Quality ,,,
.,.

The impacts on water quality in Indian Grave Branch and pen Branch from the
construction of recirculating cooling towers would be similar to those

associated with the construction of a once-through cooling tower (see Section
4.1.1.1). The principal impact would be some temporary localized increases in
the concentration of suspended material in the stream water due to runoff and
erosion from construction activities. The application of standard erosiOn
control practices, described in Section 4.1.1.1, would minimize these
temporary effects.

Ecology
.,.,

The construction of recirculating cooling towers would disturb about 50 acres
of upland forest (21 acres for the cooling towers, 27 acres fOr the canal and
pipeline right-of-ways, and the remainder”’for relocation of various facilities

AO-1 and for the construction of service roads and parking areas). No adverse
BC-9 effects on vegetation should occur outside the immediate construction areas.

BC-13
The impacts to fish and wildlife from the construction of the recirculating
cooling towers would be similar to those described for the.construction of a
once-through cooling tower (see Section h.1.1.1).

,’
Radiological Releases

During the constriction of recirculating cooling towers for K-Reactor, there
would,.be no changes in the atmospheric and liquid releases of .radionuclides.
Reactor.opera:ion and the flow rate in Indian Grave Branch and pen Branch
would remain. the same. There “would be no changes ‘in‘reactor releases Or
remobilization of radionuclides from the creek bed and, consequently,
radiation.doses to the offsite population would not change.

,.

The only change would be in doses delivered to onsite construction personnel,
as :discussed in Section 4.1.1.1. This dose, estimated to be approximately
20 millirem per year, is below the standards established by DOE for
uncontrolled areas of 25 millirem per year. from airborne releases and 100
millirem per.year from all pathways.

Other Construction Impacts

The construction of recirculating cooling towers for K-Reactor would also
result in air quality and noise impacts similar to those described for the
once-through cooling tower. (Section 4.1~1.1). All applicable atmospheric
emission standards would be met during construction, and solid waste generated
during construction would be disposed of in an approved manner. Fueling and
maintenance of construction ~quiPment would be performed under controlled
conditions to minimize spills.

,.
.,,
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4.1.2.2 Operational Impacts . .

SOCiOecOnOmics

,,

The number of workerS ~ssoci~ted with the operation of recirculating

towers at K-Re~Ctor would not result in any socioeconomic impacts,

O(lly six additiOn~l meCh~nics would be required.

Historicand Archaeological ReSOUrCeS

cooling
because

The operation of recirculating cooling towers for K-Reactor would not cause
any impacts to any histo~ic and archaeological resources. During the
operationof the towers, “cooling water effluent“’wouldbe conveyed to Indian
Grave Branch and Pen Branch; flows in the creek would be significantly
reduced: An archaeological and historic resources survey in the Four Mile
Creek watershed area located no significant sites requiring impact mitigation
(Appendix E).

Water Quality and Hydrology

The operation of recirculating cooling towers would lower discharge
temperatures such, ‘that the State of South Carolina’s Class B water
classification standards (i.e., a maximum instream temperature of 32.2”C)
would be met throughout the year. The discharge from the recirculating
cooling tower would raise the stream “temperaturein Pen Branch more than the
2.8°C maximum above ambient specified in the State’s Class B water
classification standards. Accordingly, a Section 316(a) study would be
performed to demonstrate if a balanced biological connnunity would be
maintained.

The operation of the recirculating cooling towers would result in discharges
to Indian Grave Branch and Pen Branch, with concentrations of most chemical
constituents about three times higher than corresponding values for Savannah
River water drawn into the intakes, due to evaporative concentrations in the
recirculating tower. An important difference between the compositions of
river water and ambient cre,ek”water is the higher concentration of phosphorus
and nitrogen compounds (i.e., orthophosphate, total phosphorus, nitrates, and
an!monia)in the river. Although the concentrations of chemical constituents
(e.g., nutrients ) would increase by about three times due to cycling in the
recirculating tower, the total quantity of nutrients and other chemicals
transported to the swamp river system would decrease because the intake flow
of Savannah River water for this alternative would be much less than either
the present cooling water system or tbe once-through cooling-tower alter-
native. Chlorine biocide added to reactor cooling water to prevent biofouling
of the cooling towers would be neutralized with sodium sulfite addition prior
to discharge to Indian Grave Branch. As discussed for the once-through
cooling–tower alternative,”no adverse effects should occur to aquatic biota or
water quality from these additions. All discharges would comply with NPDES
permit requirements and State Class B water classification standards.

BC-9
BC-10

With the operation of recirculating cooling towers, dissolved oxygen levels in
Indian Grave Branch and Pen Branch should cOmplY with Class B water
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classification standards throughout
water temperatures and the aeration

the year as a result of lower discharge
resulting from water passing through the

cooling towers. Under present conditions, dissolved oxygen concentrations
sometimes fall below Class B water classification standards (5 milligrams per
liter average; 4 milligrams per liter minimum) during warmer summer periods.
The lower flow in the stream would reduce erosiOn, and the lower water
temperatures would allow vegetation to grow along the waterway, thereby

stabilizing the shoreline areas. Thus, the levels of total suspended solids
would be lower in Indian Grave Branch and Pen Branch and the Savannah River
swamp.

The operation of recirculating cooling towers would have a significant effect
on the hydrology of Indian Grave Branch and Pen Branch due to a reduction in
discharge flow from the present level of about 11.3 cubic meters to about 1
cubic meter per second. The flow in the creek from areas upstream of
K-Reactor is about 0.03 cubic meter per second. Under these conditions, tbe
morphology of the stream channel would be altered significantly; generally,
its depth and width.would be reduced. Existing patterns and rates of erosion
and deposition would change; one of the most important results would be a
significant reduction in the rate of delta growth. The overall impact of the
reduction in flow on the hydrology of the swamp would be small because the
Savannah River is the principal factor influencing hydrological conditions in
the swamp.

Impacts to subsurface hydrology would be similar to those discussed in Section
4.1.1.2 for the once-through cooling tower.

Air Quality

Air quality impacts from the operation of recirculating cooling towers at
K-Reactor would be similar to those for a once-through cooling tower (Section
4.1.1.2).

The calculated maximm annual-mean frequency of reduced ground-level
visibility to less than 1000 meters would be approximately 2 hours per year,
occurring about 8 kilometers south-southwest and about 10 kilometers northwest
of the recirculating
zontal surfaces would
directions from the
about 7 millimeters,
total frequency of 88

cooling towers. The maximum ice accumulation on hori-
be no more than 1 millimeter beyond 0.8 kilometer in all
towers. The maximm predicted ice thickness would be
occurring within 0.4 kilometer from the towers with a
hours per winter season.

The maximum OCCUr-renceof visible pl~es would be about 180 hours per year
within 2 kilometers of the cooling towers in all directions.

Figure 4-2 shows isopleths of annual total solids deposition due to the
operation of the K-Reactor recirculating towers. Tbe maximum annual total-
solids deposition would be about 22.7 kilograms per
0.5 kilometer of the cooling towers and approximately
Per Year within 1 kilometer from the cooling tower.
predicted solids deposition is calculated to be about
per year.

acre per year within
4.5 kilograms per acre
At 2 kilometers, the
2.2 kilograms per acre
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Figure4-2.K-ReactorRecirculatingTower, TotalSolids Deposition, Kilograms/Acre-Year

BB-3
BC-9

4-25



BC-9

BC-9
BC-19
BD-3

BC-3

BB-3
BC-4

*

The operation of K-Reactor with recirculating COOling towers would cause
increases in noise levels. Cooling-tower noise would consist of fan noise and
falling water. Beyond approximately 152 meters from the cooling tower,

average sound levels would be below 70 decibels. [Continuous exposure to 70
decibels or less has been determined to cause no loss of hearing (EPA, 1974).]

Ecology

Vegetation and Wetlands

Vegetation near the recirculating cooling towers would not receive adverse
impacts by cooling-tower drift. Operation of the towers would result in an
estimated total solids deposition of about 2.2 kilograms per acre per year at
2 kilometers and about 22.7 kilograms per acre per year within 0.5 kilometer
of the cooling towers. Because these rates would be much less than the
critical values reported (see Section 4.1.1.2), no significant impacts On
vegetation should occur with this alternative.

K-Reactor operations have affected about 670 acres of wetlands in the
floodplain and swamp (Du Pent, 1985b; Appendix F). Operation of recirculating
cooling towers would reduce the rate of growth of the delta. Reestablishment
of vegetation through the process of natural succession would occur for

approximately 500 acres of wetland habitat along the creek corridor and swamp.

To assist in ongoing consultations with FWS, a HEP analysis (Mackey et al.,
1987) was conducted; it identified the value of habitat to be gained or lost
with the recirculating cooling-tower alternative (see Section 4.6 and
Appendix C for more details on HEP analysis).

Aquatic Habitat and Biota

Balanced communities containing all indigenous species in all biotic
categories should develop and remain in all natural portions of the Pen Branch
ecosystem following implementation of a recirculating cooling-tower system for
K-Reactor. Predicted maximum water temperatures in the inunediatedischarge
area would not exceed 30”C and, therefore, would be below the maximum of
32.2°c required for Class B waters of the State. However, the other
temperature criterion for Class B waters (maximum AT of 2.8°C) would be
exceeded at times in the inunediatedischarge area and to a decreasing extent
as far downstream aS the pen Branch delta (the beginning of the swamp; see

Appendix B, Table B-5). Accordingly, a Section 316(a) Demonstration would be
conducted for NPDES compliance after the cooling-tower system becomes
operational. In addition to temperature mitigation, flow in the creek system
would be reduced to leV~lS typical of small streams in the SRP region; these
levels would be conducive to recolonization by habitat formers,
macroinvertebrates, and fish (Du Pent, 1987).

TO compare and a~~e~~ environmental impacts to the pen Branch watershed before
and after Operation of the ~ecirculating cooling-tower system, the stream
system has been divided intO three reaches based on the presence of three
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distinct stream gradients: Reach 1 extends from the K-Reactor outlet down to
SRP Road A, Reach 2 extends from SRp Road .4 to the mouth of the pen Branch
delta, and Reach 3 extends from the delta to the Savannah River.

Conditions for all biotic categories would be enhanced greatly following the
implementationof this alternative in comparison to present conditions. Based
On extensive data from Steel Creek, which had been impacted previously,
recolonization of areas within the Pen Branch system that are presently
uninhabitable because of excessive temperatures and flows would occur
rapidly. Furthermore, an analysis of the temperature and flow requirements of
the representative and important species indigenous to the creek system has
revealed that these species should not be affected adversely by the slightly
higher-than-ambient temperatures and lower flows resulting from K-Reactor
operation following implementation of the recirculating cooling-tower system
(Du Pent, 1987).

The Pen Branch system, which includes Pen Branch and Indian Grave Branch, is a
low potential impact area for phytoplankton. The food base throughout this
system consists of detrital material rather than phytoplankton,
typical in lotic systems.

which is
Primary producers in the Pen Branch system consist

primarily of periphyton and macrophytes (Du Pent, 1987).

Following implementation of a recirculateing cooling-tower system, a
zooplankton conununity would become established in the Study area; this
connnunitywould not be affected adversely by the operation of K-Reactor. This
newly established community would provide food for the establishment of
balanced indigenous macroinvertebrate and fish ~omunitie~ . The maximum
predicted temperatures in the Pen Branch system would be within the range
tolerated by most, if not all, indigenous species; accordingly, the heated
discharge should cause no appreciable harm to the zooplankton community. The
standing crop of zooplankton should be enhanced by the relatively slight
temperature elevation and species composition and community structure should
be similar to those of the Pen Branch system before SRP operation and to those
of other natural streams in the region. The heated discharge is not likely to
alter the standing crop, community structure, or seasonal periodicity of
zooplankton in the farfield study area from those values typical of the
receiving water body segment before reactor operation. Furthermore, cooling-
tower blowdown flow would not constitute a lethal barrier to the free movement
(drift) of zooplankton.

The habitat-formers conununityshould improve significantly with the addition
of a recirculating cooling-tower system to K-Reactor. Following the cessation
of L-Reactor thermal discharges in 1968 and the resultant red~~tiOn in both
temperatureand flow to Steel Creek, habitat formers along the stream corridor
and on its delta began to improve immediately. Similarly, when temperature
and flow to Beaver Dam Creek were reduced in the late 1970s, wetlands in the
creek’s delta in the Savannah River swamp began to improve. Both of these
areas now have a mosaic of herbaceous persistent and nonpersistent marsh and
scrub-shrub wetlands that directly and indirectly support diverse biological
communities (Du Pant, 1987).

The heated discharge from recirculating cooling towers at K-Reactor would not
result in any deterioration of the habitat-formers community, or in any
appreciable harm tO the balanced indigenous population in Pen Branch or the
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pen Branch delta regiOn Of the Savannah River swamP. Reach 1 (Indian Grave
Branch) Of the Pen Branch system is in a steeper, higher gradient stream
va].ley; accordingly, macrOphyte and other habitat formers would not be as
likely to develop. Reaches 2 and 3 are at a lower gradient and are more open;
thus, habitat-fOrmer cO~unities wOuld be mOre evident (Du pOnt* 1987).

Following implementation of a recirculating cooling-tower system, reactor

discharges would be reduced from approximately 11.3 cubic meters Per secOnd tO
about 1.1 cubic meters per second. This discharge, combined with the natural

stream discharge, wOuld result in a tOtal discharge ‘f 1.13 cubic ‘et.ersp~r
second. The reduced discharge would result in substantial reduct’Ons In
stream width, depth, and water velOcity in cOmParisOn tO Present conditions.
Reduced water velocities would decrease the erosion rate of the stream channel
in Reaches 1 and 2 and wOuld be mOre cOnducive tO the retentiOn Of 10gs and
other organic debris in the stream channel~ which prOvide ‘tructure ‘or
aquatic macroinvertebrates. Lower stream temperatures, coupled with reduced
stream velocities, would permit the invasiOn Of aquatic macrOPhYtes into ‘he
stream channel, and would also permit the establishment of riparian vegetation
in what is presently the high water channel Of pen Branch. Aquatic habitat in
the delta (Reach 3) should differ somewhat from that in Reaches 1 and 2. At
present, water flows through the delta in a series Of shallOw braided
channe1s. With reduced discharge, most of the flow should follow the path of
the original stream channel, but some water could f10w through One Or twO Of
the deeper side channels that have been cut thrOugh the delta. This, coupled
with the more gradual stream gradient of the delta, wOuld probably result in
lower velocities than would exist in Reaches 1 and 2. The delta area should
provide prime habitat for many species of aquatic and semiaquatic macrOphYtes*
which in turn would provide habitat fOr sPecies Of macrOinvertebrates ‘hat
prefer slow–moving streams and dense stands Of macrOphytes.

At present, the macroinvertebrate conununityof the thermally impacted portion
of Pen Branch is dominated by thermally tolerant chironomids and nematodes
(Du Pent, 1987). Following implementation of the recirculating aLternative, a
diverse and productive community should develop. This newly established
community would provide food necessary for the establishment of a balanced
indigenous fish community.

The species composition of the Pen Branch corridor (Reaches 1 and 2) should be
somewhat similar to that of the unimpacted headwaters portion of Pen Branch,
although differences would exist due to a more open canopy and to greater
stream discharge volumes from K-Reactor operations. Increased light
availability would result in a system that is more autochthOnOus. Thus,
macroinvertebrate species that utilize periphyton or macrophytes as food would
be more abundant. Scrapers (such as snails and beetles), as well as
collector-gatherers and collector–filterers (such as mayflies) that feed on
particulate organic matter, should be more abundant downstream from the
reactor outfall. AS macrophyte beds become established, macrOinvertebrate
species that are conuncJnlyassociated with macropbyte beds, such as scuds,
water mites, beetles, and squatic bugs (Hemiptera) would increase in
abundance. Numerically, however, the chironomids should continue to dominate
the macroinvertebrate ~onununityof the Pen Branch corridor, as they do in most
southeastern streams. The dominant chironomid taxa, however, wOuld shift,
with the more thermallY tolerant species being replaced by other species that
are less thermally tolerant (Du Pent, 19,87).
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The macroinvertebrate cOnununityof Reach 3 would differ from that of Reaches 1
and 2 due to habitat differences (i.e., current velocity and stream sediment)

that occur where the stream enters the delta. The macroinvertebrate conununity
of Reach 3, through succession, eventual~y should resemble that of the
recovering Steel Creek delta. Species expected to be most abundant in the
delta would include snails, scuds, water mites, many species of odonates,
Coleopterans, hemipterans, and several chironomid genera. The chironomids
should dominate numerically, although other groups, such as snails and
amphipods, could be more important with respect to biomass.

A recirculating cooling-tower system would improve the thermal regime of Pen
Branch over existing conditions. With this system, the maximum predicted
summer temperatures in the three reaches of the stream would be 30”C,
29”C, and 29”c, respectively (see Appendix B, Table B-5). These
temperatures are within the range tolerated by most, if not all, indigenous
species, because ambient s~er water temperatures in many southeastern
streams equal or exceed these values. Maximum average monthly AT for the
three reaches would be 6°C, 4°C, and 5“c, respectively. Although the
increases in temperatures could result in the earlier emergence of some
species, no significant adverse impacts should occur, and the potential for
cold shock would not exist during reactor outages in the winter. Thus, the”
cooling–tower blowdown should cause no appreciable harm to the
macroinvertebrate community of Pen Branch.

However, the standing crop of macroinvertebrates in. Pen Branch should be
enhanced by the relatively slight elevation in temperature, due in part to an
expected increase in the standing crop of periphyton and heterotrophs, which
would provide more food for many species of macroinvertebrates. In addition,
the slightly elevated temperatures could permit multivoltine species of
insects (those that complete more than one life cycle per year) to produce one
or.more additional generations per year, thereby increasing the net annual
production of the macroinvertebrate community.

The cooling–tower blowdown flow should not interfere with the drift or
upstream movement of macroinvertebrates, because the predicted maximum temper-
ature of the flow is less than the upper thermal limits of most macroinverte-
brate species indigenous to the area. No farfield impacts should occur,
because the water is essentially at ambient temperature by the time it enters
Steel Creek.

The fish community in upper Pen Branch above K-Reactor should not change
substantially from present conditions because the fish communities in the

uPPer reaches Of SRp tributary streams appear to be stable and not affected
significantly by reactor operations (Du Pent, 1987). One major difference
caused by cooling-tower operation could enhance the fish community in this
portion of the stream system. Water temperatures at the confluence of Indian
Grave Branch and Pen Branch would never exceed 30{’Cand the average monthly
AT would.not exceed 6“C. Thus, water temperature should no longer inhibit
the movement of fish between the Savannah River and the headwaters of Pen
Branch. This could result in additional spawning in the upper reaches and
would provide a pathway for immature fishes spawned in the upper reaches ‘to
contribute to the populations in Reaches 1, 2, and 3 of Pen Branck,below
K-Reactor and in the Savannah River.

BB-3
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Fo1lowing implementation ok the recirculating coollng-tower alcernaclve, a

temperature-restricted zone of passage in Reach 1 should no longer exist.
Flow would be reduced during reactor operation because cooling water discharge
would decline from about 11.3 cubic meters per second to about 1 cubic meter
per second. These changes would allow fish to reinvade this section of the
stream system, and would provide spawning and nursery areas for some species.

Maximm absolute temperatures in Reach 2 would not exceed 29°C and average
monthly AT values would not exceed 4°C throughout the year. Together with

reduced flow, this factor would allow indigenous fish species to inhabit Reach
2. Some areaa of Reach 2 should be suitable for spawning, thereby increasing
fish populations. Furthermore, the addition of slightly heated and relatively
nutrient-rich Savannah River water to Pen Branch via the cooling-tower
blowdown could increase primary and secondary production in this area. The
result would be an enhancement of fish growth in this portion of the creek in
comparison to expected fish growth under ambient conditions.

All of Reach 3 should be suitable habitat for all indigenous fishes of the Pen
Branch system. Maximum temperatures would not exceed 29°c and average
monthly AT would not exceed 5“C. Reactor operation should have no adverse
impact on reproduction. Growth should be enhanced by the increased produc-
tivity resulting from the slight temperature elevation and nutrient loading
from Savannah River water pumped through the system. The areal extent of
aquatic habitat should be reduced from the present situation because of the
reduced flows (present discharge of 11.3 cubic meters per second versus
cooling-tower blowdown plus auxiliary system flows of 1 cubic meter per
second). However, the system would more closely resemble ambient conditions.

The absolute maximum predicted water temperature at the cooling-tower
discharge point would be 30”C (see Appendix B, Table B-5) and the maximum
predicted average monthly temperature would be 27”c. In contrast, the upper
incipient lethal temperatures for representative and important species
(largemouth bass, bluegill, and catfish) are in the mid- to upper 30a°C.
The cooling-tower system would comply with the temperature shock limits
proposed by EPA for the protection of all warm-water fishes (EPA, 1977).
Laboratory studies have shown these limits to be protective of the temperature
tolerance limits of largemouth bass, bluegill, and channel catfish (Wilde,
1987; Storms, 1985). Reproductive success and growth of all indigenous fish
species would be improved over present conditions by this mitigation plan;
growth should be enhanced even above potential ambient temperature levels
because the slight warming from the tower blowdown would result in optimal
growth temperatures for more of the year than with ambient conditions.
Maximal absolute temperatures (30”c) and maximum average monthly AT values
(6”C) shOuld not block fish migration. Thus, the entire Pen Branch system
would be available for fish habitation; the free movement of fishes between
the headwaters of Pen Branch and the Savannah River should not be inhibited by
K-Reactor operations at any time during the year. The thermal discharge flow
would not block fish migration or exclude fish from any part of the ecosystem.

Entrainment and Impingement

BD-5 Tbe operation of recirculating cooling towers for K-Reactor would reduce the
requirements for cooling water withdrawal f~om about 11.3 to about 1.6 cubic
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meters per second. The rates of entrainment of fish eggs and larvae into a
cooling water system are directly proportional to the flow rate through that
system. Because the flow requirements of recirculating towers would be about
1&.5 percent Of current levels, entrainment losses would be reduced propor–
tionally. The estimated annual entrainment losses of fish larvae from
operating recirculating cooling towers for K-Reactor would decline from an
average of about 8.8 x 10’ with current operations to about 1.3 x 10’
individuals;annual 10SSeS of fish eggs “ould decline from an average of about
4.6 X 10’ to about 6.7 x 105 individuals (DOE, 1987). The taxonomic
groups benefiting from these reductions “ould be the clupeids (principally the
American shad), the centrarchids, and the cyprinids.

The rate at which fish are impinged on the SRP intake screens is related not
only to intake flow rates, but also to such factors as river water level,
water temperature, and the density of fish species in the intake canal
(Du Pent, 1985b). Assuming that the rates of impingement are proportional to
intake flow rates, the impingement loss with a recirculating cooling-tower
system would be about 14.5 percent of current levels. The 1983-1985
investigations conducted at the lG and 3G intakes projected the impingement of
2942 annually on the screens as a result of K-Reactor operation (DOE, 1987).
The operation of recirculating cooling towers would reduce this number to
about 427 individuals annua11y. This reduction would most benefit the
bluespotted sunfish, threadfin shad, gizzard shad, redbreast sunfish, and
warmouth, which are the species now impinged in greatest numbers at the
intakes.

Threatened and Endangered Species

Implementation of this alternative would result in a reduction of the effluent
discharge from 11.3 to about 1 cubic meter per second; this would allow the
stream channel to revert approximately to its original width, and would allow
fish and invertebrates to inhabit the stream channel. It would also create
foraging habitat for the endangered wood stork and provide potential habitat
for the American alligator. Because of the reduced flow rate, nests, eggs,
and hibernation sites of the American alligator should not be impacted.

BD-5

IB-3

Formal consultations were held between DOE and the FWS to comply with the
Endangered Species Act of 1973. Based on these consultations, the FWS issued
a biological opinion that the preferred alternative cooling systems should TC
have no effect on endangered and threatened species (Parker, 1986; Henry,
1986).

Radiological Releases

Appendix G contains details of the dose assessment methodology and parameters;
it also contains tables that list specific organ doses by pathway and
age-group.

Remobilization of Radionuclides

The operation of the recirculating cooling towers would reduce the flow rate
of cooling water in Indian Grave Branch and Pen Branch and, therefore, would
decrease the amount of radionuclides being remobilized from the creek bed and

BC-22
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transported to the Savannah River. The primary radionuclide contained in Pen

Branch sediments is cesi~-137 (Appendix D). The reduced flow in Pen Branch

would result in a decrease of about O.12 curie of cesium-137 released annually
to the Savannah River.

Maximum Individual DOse - The individual whO wOuld experience the greatest
change in dose frOm cesi~ remObilizatiOn is as$~ed tO live near the Savannah
River downstream from the SRP. This individual is assumed to use river water
regularly for drinking, to consume fish from the river, and to experience
external exposures from shoreline activities. This individual is also assumed

to drink more water and eat more fish than an average person.

Table 4–8 lists the changes in effective-whole-bOdy and mOst-affected-Organ
(gonads) doses to the maximally exposed individual resulting from the decrease
in cesium-137 released to the Savannah River.

Table 4-8. Decrease in Doses to Maximally Exposed
Individual Resulting from Cesium
Redistribution Associated with K-Reactor
Recirculating Cooling Towers

Incremental dose reduction (mremtyr)

Age group Effective whole body Gonadsa

Adult 6.88 x 10-2 6.88 x 10-2
Teen 5.27 X 10-’ 5.27 X 10-’
Child 2.29 X 10-Z 2.29 X 10-Z
Infant 2.21 x 10-4 2.21 x 10-4

a. Dose to gonads is directly comparable to soft-
tissue doses resulting from tritiurn, because
tritium imparts an equal dose to all soft
tissues (i.e., all organs except hone).

Population Dose - Table 4-9 lists the decreases in the collective doses
delivered to the affected population groups.

Tritium Releases

The following sections discuss changes in the doses to the maximally exposed
individual at the SRP bO~ndary and to offsite population groups (based on year
2000 projections) that are attributable to changes in atmospheric and liquid
releases to Indian Gr~v~ B~~n~h and pen Branch of triti~ resulting from the
operation of recirculating cooling towers.

Atmospheric Releases - The amount of tritium released annually to the
atmosphere is expected to increase by 425 curies (about 0.1 percent of total
SRP releases of tritium to the atmosphere) as a result of evaporation of
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Table 4–9. Decrease in Collective Effective
Whole-Body Dose Resulting
from Cesium Redistribution
Associated with K-Reactor
Recirculating Cooling Towers

Incremental collective
dose reduction

Population group (person-remlyr)

80-km population 1.91 x 10-’

Beaufort-Jasper 1.05 x 10-2
Port Wentworth 3.81 X 10-’

Total 2.40 X 10-’

BC-22

cooling water. This would increase the atmospheric dose commitments of the
regional population and the maximally exposed individual. Changes in dose TE
commitments resulting from the increased release of atmospheric tritium are
smarized below.

Maximum Individual Dose - The individual who would receive the highest
effective whole-body dose from atmospheric releases associated with this BC-22
cooling alternative is at the same location described in Section 4.1.1.2.

Table 4-10 sununarizes the annual increases in soft-tissue and effective
whole-body doses received by the maximally exposed individual due to the
atmospheric release of tritium.

Table 4-10. Increase in Annual Dose to Maximally
Exposed Individual Resulting from
Atmospheric Releases of Tritium from
K-Reactor Recirculating Cooling Towers

Incremental dose increase (m:em/yr)

Age group Effective whole body All soft tissues’

.—

Adult 8.92 X 10-” 1.05 x 10-3
Teen 9.65 X 10-4 1.13 X.10-3
Child 6.69 X 10-” 7.87 X 10-4
Infant 1.98 X 10-” 2.32 X 10-4

a. Tritium imparts an equaldose to all soft tissues
(i.e., all organs except bone) that is 18 percent
higher than the effective whole-body dose.
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Population Dose - Collective doses resulting from atmospheric releases

associated with this cooling alternative are calculated for the population
within 80 kilometers of the SRP. The annual collective effective whole-body
dose to this population would increase by 4.22 x 10-2 person-rem as a result
of the increase in tritium released to the atmosphere.

Liquid Releases - The operation of this cooling alternative would reduce the
amount of tritium released to the stream by 425 curies per year (about
1 percent of the total SRP releases of tritium to streams) as a result of
evaporation of cooling water. Doses associated with the change in liquid
releases are discussed below for both the population and the maximally exposed
individual.

Maximum Individual Dose - The hypothetical individual who would experience the
greatest change in dose from liquid effluents is the same as that described
earlier in Section 4.1.1.2.

Table 4-11 summarizes the annual decrease in soft-tissue and effective
whole-body doses received by the maximally expOsed individual due to a
decrease in the liquid release of tritium.

Table 4-11. Decrease in Annual Dose to Maximally
Exposed Individual Resulting from a
Decrease in Liquid Releases of Tritiurn
from K-Reactor Recirculating Cooling
Towers

Incremental dose reduction (mrem/yr)

Age group Effective whole-body All soft tissues”

Adult 1.85 x 10-3 2.18 X 10-3
Teen 1.31 x 10-3 1.53 x 10-3
Child 1.27 X 10-3 1.50 x 10-3
Infant 8.06 x 10-4 9.48 X 10-”

a. Tritium imparts an equal dose to all soft tissues
(i.e., all organs except bone) that is 18 percent
higher than the effective whole-body dose.

Population Dose - The decrease in the collective effective whole-body dose
within 80 kilometers of the Savannah River Plant from reduced liquid releases
of tritium associated with this cooling alternative would be 2.09 X 10-”
person-rem per year (Table 4-12).

The decrease in the collective effective whole-body dose delivered to the
Beaufort-Jasper and Port Wentworth population groups who use the Savannah
River as a source of potable water (about 317,000) from triti~ in drinking
water would be 2.78 x 10-‘ person-rem per year, as presented in Table 4-12.
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Table 4-12. Decrease in Collective Effective
Whole-Body Dose Resulting from
Liquid Releases of Tritim from
K–Reactor Recirculating Cooling
Towers

Incremental collective
dose reduction

Population group (p&rson-rem/ea.yr)

80-km radius 2.09 X 10-4
Beaufort-Jasper 9.58 X 10-’
Port Wentworth 1.82 X 10-’

Total 2.78 X 10-’

Overall Changes in Offsite Doses

Table 4-13 s-arizes changes in the effective whole-body and the
most-affected-organ doses received by the mximal ly exposed individual
resulting from the operation of this cooling alternative. Table 4-14 lists
changes in the annual collective effective whole-body dose.

The average background total-body dose to an individual living in the vicinity
of the Savannah River Plant is 93 millirem per year. By extrapolation, the
annual collective total-body dose to the 80-kilometer population is 79,200
person-rem; to the Port Wentworth water users, it is 18,600 person-rem; and to
the Beaufort-Jasper water users, 10,900 person-rem. This cooling alternative
would reduce the annual effective whole-body dose to the maximally exposed
adult by 6.98 x 10-Z millirem, and the collective effective.whole-body dose
to the 80-kilometer population and the Port Wentworth and Beaufort-Jasper
water users by 1.49 x 10-*, 2.20 x 10-’, and 1.06 x 10-‘ person-rem
per year, respectively. These changes are very small in comparison to
year-to-year variations in natural background radiation.

Present SRP operations result in an effective whole-body dose of 5.18 x 10-Z
millirem per year to the maximally exposed adult from tritium releases to the
Savannah River from Indian Grave Branch and Pen Branch. This alternative
would reduce the liquid tritium dose by 1.85 x 10”3 millirem per year and
increase the atmospheric tritium dose bv 8.92 X 10-4 millirem Der vear.
resulting in an overal1 reduction of” 9.58 x 10-” millirem ~er ~ear~

I Similarly, the current effective whole-body dose to the maximally exposed
adult from cesium releases is 8.03 x 10-’ millirem per year. This
alternative would reduce this dose by 6.88 x 10-* millirem per year.

Health Effects

Using the cancer and genetic damage risk estimators discussed above and the
organ doses presented in Appendix G, the population within HO kilometers of
the Savannah River Plant could experience a decrease of 1.11 x 10”5 cancer
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Table 4-13. Changes in Effective Whole-Body and Gonadal Doses Received
by Maximally Exposed Individual Resulting from Operation
of K-Reactor Recirculating Cooling Towers (millirem per year)

Source of exposure Adult Teen Child Infant

EFFECTIVE WHOLE-BODY DOSE INCREMENT

Atmospheric tritiurn
releases’ 8.92 X 10-4 9.65 X 10-4 6.69 X 10-” 1.98 X 10-4

Liquid tritium
releasesa -1.85 X 10-3(b) -1.31 X 10-3 -1.27 X 10-3 -8.06 X 10-4

Cesium transport -6.88 x 10-z -5.27 x 10-Z -2.29 X 10-Z -2.21 X 10-4

Net dose change -6.98 X 10-Z –5.30 x 10-2 -2.35 X 10-2 –8.29 X 10-4

GONADAL DOSE INCREMENT

Atmospheric tritium
releases” 1.05 x 10-’ 1.13 x 10”3 7.87 X 10-” 2.32 X 10-4

Liquid tritium
releasesa -2.18 X 10-3 -1.53 x 10”3 -1.50 X 10-’ -9.48 X 10-4

Cesium transport -6.88 x 10-2 -5.27 X 10-2 -2.29 x 10-Z -2.21 X 10-4

Net dose change -6.99 X 10-2 -5.31 x 10-’ -2.36 X 10-Z -9.37 x 10-”

a. Tritium imparts a dose to soft tissues about 18 percent bigher than to the
effective whole body.

b. Negative sign preceding number denotes a decrease in dose.
c. Gonadal dose is directly comparable to soft-tissue doses resulting from

tritium, because tritium imparts an equal dose to all soft tissues (i.e.,
all organs except bone).

fatality and 3.66 x 10-5 genetic disorder per year from the operation of
this system. The populations at Beaufort–Jasper and Port Wentworth domstream

BC-22 from the SRP could experience decreases of 3.67 x 10-s fatal cancer and
965x
i;formatiyn-.’

genetic disorder per year. Tab1e 4-15 summarizes this

4.1.3 NO ACTION - EXISTING SYSTEM

The no-action alternative for K-Reactor would maintain the existing once-
through cooling water SYStem that withdraws water from the Savannah River and
discharges it into Pen Branch via Indian Grave Branch. Chapter 3 and Appendix
C describe the environmental baseline co”ditio”s that are associated with this
system. This section summarizes the major environmental inlpacts of the
existing system.
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Table 4–14. Changes in Collective Effective Whole-Body Dose Resulting
from Operation of K-Reactor Recirculating Cooling Towers
(person-remper year)

80-kilometer Beaufort Port
Source of exposure population Jasper Wentworth Total

Atmospheric trit–
ium release’s 4.22 X 10-Z 4.22 X 10-Z

Liquid tritim
releases -2.09 X 10-4(’) -9.58 X 10-2 -1.82 X 10-’ -2.7B X 10-’

Cesium transport –1.91 x 10”1 -1.05 x 10-’ -3.81 X 10-2 -2.40 X 10-’

Net dose change -1.49 x 10-’ -1.06 X 10-’ -2.20 X 10-’ -4.76 X 10-’

a. Negative sign denotes a decrease in dO~e.

Table 4-15. Changes in Annual Health Effects

Genetic Fatal
Population group disorders cancers

80–kilometer radius -3.66 x 10-5 -1.11 x 10-5
Beaufort-Jasper -3.17 x 10-s -1.21 x 10-5
Port Wentworth -6.48 X 10-5 -2.46 X 10”s

Total -1.33 X 10-4 -4.78 X 10-’

4.1.3.1 Water Quality and Hydrology

The average flow in Pen Branch when K-Reactor is operating would continue to
be about 11.3 cubic meters per second in excess of the natural stream flow of
0.03 cubic meter per second.

Maximum water temperatures of the discharge would reach 73°C during extreme
summer conditions with water temperatures at the delta about 52”c; ambient
stream temperatures would be 33”C. Under average winter conditions,
temperatures along Pen Branch would range from 66°c at the discharge point
to 43°C in the delta. These conditions would be present only when K-Reactor
was in operation. The continuation of the existing cooling water discharge
from K-Reactor would not comply with South Carolina Class B water
classification standards.

Dissolved oxygen concentrations would continue to be depressed in Indian Grave
Branch and Pen Branch during reactor operations because of the elevated water
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temperatures. Concentrations in Indian Grave Branch just below the reactor

discharge point would average about 5.4 milligrams per liter. The mean
concentration in Pen Branch would be about 5.7 milligrams per liter, with a
range of 3.3 to 11.1 milligrams per liter. Values occasionally would fall
below minimum state Class B water classification standards (5 milligrams per
liter) in both streams.

Generally, nutrient concentrations in the thermal reaches of the two streams
would continue to be higher than in nontbermal reaches of the streams, due”to
inputs of nutrient-rich Savannah River water because of the addition of higher
nutrient content Savannah River water.

4.1.3.2 Ecology and Wetlands

The aquatic and terrestrial communities in and along Indian Grave Branch and
Pen Branch would continue to be influenced largely by the heated discharges
from K-Reactor. Blue-green algal mats would continue to cover much of the
sand and silt substrate in Pen Branch. Riparian vegetation would include
sedges, grasses, wax myrtle, and buttonbush, while duckweed would be abundant
in the many side pools and channels. The delta region of the stream would be

BB-3 ~hara~teri~ed by an open and closed canopy of living and dead bald cypress and
BC-19 tupelo. A total of about 670 acres of wetlands would continue to be affected

in the Pen Branch floodplain and delta; canopy losses would continue at the
rate of about 26 acres per year.

Most aquatic invertebrate species would be absent from Indian Grave Branch and
Pen Branch during reactor operations (DOE, 1984). Benthic invertebrate
species would be more abundant in the delta area than in the main channel of
Pen Branch (Du Pent, 1985b; Appendix C). Resident populations of fish
(sunfish, shiners, bullheads, etc.) would be present in the upper reaches of
Pen Branch above the confluence with Indian Grave Branch; some spawning could
continue (DOE, 1984). No fish would be present in the reaches of the creeks
below K-Reactor during discharges of heated effluents; in addition, population
numbers would be smaller in the swamp/delta area during reactor OPeratiOn.
Fish would be found in cooler refuge areas along the shoreline of the main
thermal channels. The heated discharge water would cause no impact to fish
populations in the Savannah River. Ichthyoplankton would continue to be
absent or at greatly reduced densities in Pen Branch. In the delta, the
dominant ichthyoplankton would be mosquitofish, which are found principally in
the cooler refuge areas (DOE, 1984).

TE

BB-3

Waterfowl use of Pen Branch would continue to be associated primarily with the
delta and slough areas where the creek empties into the swamp. These areas,
as well as much of the Savannah River swamp near the Plant, would continue to
provide foraging habitat for migratory species during fall and winter.

4.1.3.3 Entrainment and Impingement

No action would result in the continued loss of an average 8.8 x 10’ fish
larvae and 4.6 x 10’ fish eggs each year (DOE, 1987). The principal taxa
entrained as larvae would be expected to be the clupeids (shad, herring,
etc.), the centrarchs (crappie, sunfish, etc.), and the cyprinids (carp,
etc.). The eggs of the American shad and the striped bass would be entrained
most often.
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The estimated average impingement on the intake ~creen~ of the lG and 3G
p~phouses (which provide cooling water to K- and C-Reactors) would be about
5885 fish per year, half (2942 fish) of which would be attributed to
K-Reactor, based on 1983-1985 investigations (DOE, 1987). The principal
species would be bluespotted sunfish and threadfin shad; gizzard shad,
redbreast sunfish, and warmouth would also be impinged frequently.

4.1.3.4 Threatened and Endangered Species

BB-3
BD-5

Although temperatures in the thermal affected areas of Indian Grave Branch and
pen Branch wO~ld eX~eed the ~ritical thermal maximum for the Ainerican
alligator, a few individuals could occupy cooler refuges along the margins of
the creeks and delta (DOE, 1984). The wood stork should not inhabit pen BB-3
Branch during reactor operations because the habitat would not be suitable for
foraging; however, wood stork have been observed during perio,dsof ‘extended
reactor shutdows.

4.2 ALTERNATIVES FOR C-REACTOR

The cooling water altern~tive~ for C–Rea~tOr are identical to those for
K–Reactor (i.e., a once–through cooling tower, recirculating cooling towers,
and no action). In many instances, the expected environmental consequences
resulting from construction and operation of the alternatives are identical or TE
similar. The following sections describe expected environmental consequences
of the alternatives for C-Reactor that differ from those expected for
K-Reactor.

4.2.1 ONCE-THROUGH COOLING TOWER

As discussed for K-Reactor, design evaluations and studies were performed to TC
optimize the performance and ac~ieve cost savines in the construction and

TE

operation of once–through cooling towers without ~ntroducing major changes in
the nature or magnitude of environmental impacts. The following discussion
emphasizes differences between the construction and operational impacts of
cooling-water alternatives for K- and C-Reactor~.

4.2.1.1 Construction Impacts

Socioeconomic

The construction of a once-through cooling tower for C-Reactor would be TC
accomplished in approximately 36 months, after a 9–month lead design period.
Constructi~n could involve a combined workforce for the towers in both K- and TE
C-Areas. The estimated peak construction work for C-Reactor alone is zOO
persons.

Historic and Archaeological Resources

The most recent archaeological and historic resources survey of the Four Mile
Creek watershed area was conducted from May through August 1984, as described
in Appendix E; this survey located 25 sites in the watershed. The
implementation of the once-through cooling-tower alternative would disturb
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only one site (38BR548) in the Four Mile Creek area. Site 38BR548 is a small
prehistoric lithic and ceramic scatter located on a terrace edge adjacent to
the bank of the northern branch of Four Mile Creek. No impact mitigation has
been recommended for this site, because the potential yield of additional
research information is negligible.

Water Quality

The water quality impacts from construction of a once–through cooling tower
for C–Reactor would be the same as those described for K-Reactor (Section
4.1.1.1).

Ecology

For a once-through cooling tower with gravity feed, approximately 35 acres of
existing habitat would be disturbed by construction. Most of the affected
habitat lies north of SRP Road 3 and is characterized by dense shrub,
intermixed with pine 4 meters tall. The area south of SRP Road 3 contains
mixed pine and hardwood forest with a sparse understory. No effects are
expected on vegetation outside the inunediateconstruction area. The effluent
canal from the cooling tower to Castor Creek would require the removal of
about 0.5 acre of bottomland hardwoods consisting mainly of sweet gum and
yellow poplar.

The potential effects on fish and wildlife from the construction of a
once–through cooling-tower system would be similar to those associated with
K-Reactor (see “Ecology” in Section 4.1.1.1).

Radiological Releases

During the construction of the once-through cooling tower, there would be no
changes in the atmospheric and liquid releases of radionuclides. Reactor
operation and the flow rate in Four Mile Creek would remain the same. There
would be no changes in reactor releases or remobilization of radionuclides
from the stream bed and, consequently, radiation doses to the offsite
population would not change.

As discussed in Section 4.1.1.1, construction personnel for the tower would
experience levels of radiation slightly elevated above background from the
operation of Plant facilities, which is estimated to be approximately 20
millirem per year.

Other Construction Impacts

Other construction impacts would be similar to those described for K-Reactor
(i.e., air quality, noise, solid waste, and onsite construction personnel
exposure to radioactive releases). All applicable atmospheric emission
standards would be met during construction, solid waste generated from
construction would be disposed of in an approved manner, and fueling and
maintenance of construction equipment would be performed under controlled
conditions to minimize spills.

4-40



4.2.1.2 Operational Impacts

SOcioecOnOmics

The small nwber of additional workers (four) associated with the operation of
the once-through cooling tower at C–Reactor would not cause any noticeable
socioeconomic impacts in the study area.

Historic and Archeological Resources

The operation of a once-through cooling tower for C-Reactor would not impact
any historic or archaeological reSOUrCeS.
Creek would be nearly the same as those
stream morphology. An archaeological and
Four Mile Creek watershed area located no
mitigation (Appendix E).

Water Quality and Hydrology

Anticipated flows in Four Mile
at present, with little change in
historic resources survey in the
significant sites requiring impact

The once–through cooling tower would impact water quality in Castor and Four
Mile Creeks and the Savannah River swamp primarily by lowering instream
temperatures to meet the State of South Carolina’s Class B water classi-
fication standard of 32.2”c. Water temperatures from the tower discharge
would be at a maximum of about 32°C (Table 2-4) under extreme summer
conditions. During an average sununer(June-August), the water discharged from
the tower would be about 29”c, which compares to an mbient creek
temperature of 25”c.

The cooling tower would be designed and operated in a manner that would meet
the Maximum Weekly Average Temperature (MWAT) criteria (EPA, 1977) to minimize
thermal shock of fish that could occur with a reactor outage (Muhlbaier,
1986). Because expected instream temperatures during winter and spring
average conditions would be raised more than 2.g °C above ambient due to the

operation of the cooling-tower system, a Section 316(a) Demonstration study
would be performed after construction and submitted to SCDHEC; this study
would demonstrate if effluent temperature conditions would ensure the
protection and propagation of a balanced indigenous population of fish and
wildlife in and on the waters affected by the discharge.

Cooling water discharges from the once–through cooling tower would raise
dissolved oxy~en concentrations and lower total susDended solids in the same
manner as ~<at described for the K-Reactor onc~-through cooling tower.
Effluents discharged would be similar to those associated with the present
once–through system except that nonvolatile constituents would be slightly
more concentrated due to evaporation losses of water in the tower. Chlorine
biocide would be added to reactor cooling water to prevent biofouling of the
cooling towers; it would be neutralized with sodium sulfite prior to discharge
to Castor Creek. As discussed for K-Reactor, no adverse effects are expected
on aquatic biota or water quality from these additions. Discharges would meet
all NPDES permit limits. When C–Reactor is not operating, the concentrations
of chemical pollutants in Four Mile Creek would not change appreciably in the
absence of the cooling water discharge because the stream meets state Class B

water classification standards uncler these conditions (see Section 3.3.3;
Du Pent, 1985b).

rc
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OPeration of the once-through cooling-tower system would result in the same
small changes in the hydrology of Four Mile Creek and the associated swamp as
those described fOr K–ReactOr. The changes would not adversely impact the
stream system because the flOw wOuld be reduced OnlY about 0.8 cubic meter Per
second when the reactor is operating. When C-Reactor is not operating, the
stream flow in FOur Mile Creek would continue to be reduced from 11.3 to 0.6
cubic meter per secOnd, On average.

Air Quality

The operation of a once-through natural-draft cooling tower at C-Reactor could
result in the formation of ground-level fog, ice, elevated visible plumes, and
total-solids (drift) deposition on the ground. As discussed in Section
4.1.1.2 and Appendix B, a computer model (Fisher, 1974) was used to predict
the atmospheric effects of cooling-tower operation.

The predicted maximum annua 1 mean frequency of reduced ground-level
visibility, maximum ice accumulation on horizontal surfaces, and the
calculated maximum occurrence of visible plumes aloft (primarily on SRP Road
3) would be essentially the same as those presented for K-Reactor in Section
4.1.1.2. The calculated maximum occurrence would be 50 hours per year within
1.5 kilometers of the cooling tower, primarily on SRP Roads A-7, 3, and 5.

I
The calculated maximum annual total-solids deposition within 2 kilometers of

TC the cooling tower would be about 0.5 kilogram per acre per year, the same as
that for K-Reactor.

TC

The operation of a once-through natural-draft cooling tower with gravity feed
at C-Reactor would cause increasea in noise levels. Cooling-tower noise would
come from falling water. Beyond approximately 152 meters from the cooling
tower, average sound levels would be below 70 decibels. [Continuous exposure
to 70 decibels or less has been determined to cause no loss of hearing (EPA,
1974).] At the nearest offsite area, noise from C-Reactor activities would
not be detectable.

Ecology

Vegetation and Wetlands

Deposition of drift frOm a once–through cooling tower for C-Reactor would be

I similar to that projected for K-Reactor (about 0.5 kilogram per acre per year
TC within 2 kilometers). No adverse impacts on vegetation are expected because

maximum deposition rates are well below critical values.

The most significant positive impact on vegetation from the operation of a
once-through cooling tower would be a reduction in the loss of wetland habitat
due to thermal discharges; losses due to sedimentation would continue.
However, sedimentation rates in the delta and the total suspended solids
discharged to Four Mile Creek would both be reduced. Portions of the delta
would revegetate when the water temperature was reduced. There would be
limited reestablishment of ~P~tream wetland co~unities alcIngFour Mile Creek
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because the stream would still be Subject to v~ri~ble flows . From 1955

through 1984, about 1147 acres of wetlands were affected in the Four Mile
Creek floodplain and swamp due to thermal discharges and flooding (Du Pent,
1985b, 1987; Appendix F), with an average loss of about 28 acres per year in
the swamp. The operation of a once-through cooling tower would eliminate both
additional losses in the stream corridor and thermal effects – one of the
three major factOrs (the Other~ are f100ding from reactor ~PeratiOn and river
flooding) - responsible for continuing swamp canopy loss (Du Pent, 1985b,
1987). The reduction in effluent temperatures would, therefore, have a
beneficial impact on wetland conununitiesby significantly reducing wetland
10ss.

The operation of the gravity–feed tOwer wO~ld result in about 1.5 kilOmeter~
of Castor Creek upstream of the discharge reverting to natural stream
conditions, because the tower discharge would be located about 1.5 kilometers
downstream from C-Reactor.

To assist in ongoing consultations with FWS,
1987) was conducted;

a HEP analysis (Mackey et al.,
it identified the value of habitat to be gained or lost

with the once-through cooling-tower alternative (see Section 4.6 and
Appendix C for more details on HEP analysis).

Aquatic Habitat and Biota

8C-3

The environmental consequences resulting from the operation of a once-through
cooling-tower system on aquatic habitat and biota in Four Mile Creek and
Castor Creek would be similar to those described for K-Reactor with this

TC

alternative.

Entrainment and Impingement

The estimted numbers of ichthyoplankton entrained and fish impinged from the
operation of the once-through cooling-tower system for C–Reactor would be the
same as those described for K-Reactor, because the two reactors draw cooling
water from the same sources (1G and 3G canals) and would require the same
circulating water volume.

Threatened and Endangered Species TC

The operation of the once-through cooling-tower systernwould not impact the
habitat of the endangered red-cockaded woodpecker. No active or inactive
red-cockaded woodpecker colony has been located in the F~~r Mile Creek area.

The first sighting of an active bald eagle nest on the SRP occurred on June 5,
1986. The nest is below Par Pond dam in the Lower Three Runs Creek drainage
basin. Because of the nest location and due to the implementation of
management practices in accordance with the guidelines of the 1984 bald eagle
recovery plan, the FWS issued a finding of !,noeffect,,for this ~Pecie~ in
1986 (Henry, 1986).

The American alligator occurs on the SRP site in both flowing waters and lake
environments. Mildly thermal water appears to attract alligators,

c
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particularly during the winter. Under current reactor operating conditions,
the water temperature in Four Mile Creek exceeds the critical thermal maximum
(38”C) for ~erican alligators* thus Precluding their presence (sires~
1984). The operation of a once-through cooling-tower system would lower the
temperature in the reaches Of Four Mile Creek well below the alligator’s
critical thermal maximum temperature, thus improving the habitat for this

species. However, fluctuating water levels and flow rate could inundate the
nests, eggs, and hibernation sites.

As discussed for K-Reactor, the operation of a once-through cooling tower for
C-Reactor would produce no adverse impacts on the shortnose sturgeon.

Based on studies of the endangered wood stork since 1983, this species forages
in the SRP swamps and streams (Meyers, 1984; Coulter, 1986). In 1985, most
wood storks foraged in the Four Mile Creek delta and in the swamp between Pen
Branch and the Four Mile Creek delta following shutdown of C–Reactor in June
(Du Pent, 1987). However, low fish densities, high water temperatures, and
increased water depths from existing reactor operations generally limit the
value of the creek and the adjacent swamp for wood stork foraging. Impacts to
Four Mile Creek wood stork habitat resulting from the implementation of this
alternative would be similar to those for the implementation of the same
alternative for K-Reactor. Although the stream would be more attractive to
fish and other vertebrates, the implementation of this alternative would not
significantly improve the availability of wood stork foraging habitat because
of high flows and water depth.

Formal consultations were held between DOE and the FWS to comply with the
Endangered Species Act of 1973. Based on these consultations, the FWS issued
a biological opinion that the preferred alternative cooling systems should
have no effect on endangered and threatened species (Parker, 1986; Henry,
1986).

Radiological Releases

The radiological releases associated with the discharge of cooling water from
C–Reactor are those resulting from either the remobilization of radionuclides
contained in the Four Mile Creek streambed and floodplains, or those resulting
from small process water leaks into the cooling water.

As in the K-Reactor evaluation, the operation of the once-through cooling
tower at C-Reactor would not result in any significant changes in the
remobilization of radionuclides contained in the streambeds and floodplains,
because the flow rate of cooling water discharged to the creek would remain
essentially unchanged. The operation of the cooling tower would, however,
decrease the amount of triti~ discharged to the stream and, correspondingly,
would increase the amount Of triti~ released tO tbe atmosphere.

Appendix
it also
group.

G contains details of the dose assessment methodology and parameters;
contains tables that list specific organ doses by pathway and age
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Atmospheric Releases

The amount of triti~ released to the ~tmo~phere is expected to increase by
50 curies per year (about 0.012 percent of total SRP releases of tritium to
the atmosphere) ~S a result of the cooling water evaporation. This yelease ~C-22
would increase the atmospheric dose conunitme”tsof the regional population and
the maximally exposed individual. Changes in dose commitments resulting from
the increased release of atmospheric tritium are summarized below.

Maximum Individual Dose - The hypothetical individual who would receive the
highest effective whole-body dose from atmospheric releases associated with
this cooling alternative is asswed to reside continuously at the SRP boundary
about 9.3 kilometers sO~thwe~t of C-Reactor. This location has the ~inimm
atmospheric dilution, based on distance to the Plant boundary and meteoro-
logical dispersion characteristics. This individual is assumed to receive the
doses by inhalation and by the ingestion of meat, vegetation, and cow’s milk.

The annual increases in soft–tissue and effective whole–body doses to the
maximally exposed individual due to the atmospheric release of tritium are
s-rized in Table 4–16.

Table 4–16. Increase in Annual Doses to Maximally
Exposed Individual Resulting from
Atmospheric Releases of Tritium from
C-Reactor Once-Through Cooling Tower

I

I Incremental dose increase (mrem/Yr)

~

Effective whole
Age group body All soft tissue’

I
Adult 1.08 X 10-4 1.27 x 10-4

Teen 1.17 x 10-4 1.37 x 10-”

Child 8.09 X 10-5 9.51 x 1o”’
Infant 2.40 X 10-5 2.82 X 10-5

a. Tritium imparts an equal dO~e to all soft
tissues (i.e., all organs except bone) that is
18 percent higher than the effective whole-body
dose.
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Population Dose – Collective doses resulting from atmospheric releases
associated with this cooling alternative have been calculated for the
population within 80 kilometers of the Plant. The annual collective dose to
this population would increase by 4.97 x 10-3 person-rem as a result of the
increase in tritium released to the atmosphere.



Tc I

Liquid Releases

The operation of the Once-thrOugh cOOling tOwer wOuld reduce the amOunt
tritium released to Four Mile Creek. The release of tritium would
decreased bv 50 curies per Year (abOut 0.12 percent ‘f ‘Otal ‘eleases

of
be
of

~~itium to -streams) as a ~esalt Of evaporation experienced during cooling.
Doses associated with the change in liquid releases are discussed below for

bOth the pOpulatiOfland the maximally expOsed individual.

Maximum Individual Dose - The annual decrease in soft-tissue and effective
whole-body doses received by the maximally exposed individual (as described in
Section 4.1.1.2) due to a decrease in the liquid release of triti~ frOm

C-Reactor would be the same as that for K-Reactor, which is summarized in
Table 4-3.

Population Dose - Decreases in the collective dose to the population within 80
kilometers of the SRP and to the Beaufort–Jasper and Port Wentworth population
groups due to a decrease in the liquid release Of triti~ ‘rem C-Reactor “Ould
be the same as those for K-Reactor, which are listed in Table 4-4.

Overall Changes in Offsite Doses

Table 4-17 summarizes changes in tbe effective whole-body dose received by the
maximally exposed individual resulting from the operation Of this cOOling
alternative. Changes in the collective dose resulting from the operation Of a
cooling tower at C-Reactor would be the same as those for K-Reactor, which are
listed in Table 4-6.

Table 4-17. Changes in Effective Whole-Body Dose Received by Maximally
Exposed Individual Resulting from Operation of C–Reactor
Once-Through Cooling Tower (Millirem per Year)a

Source of exposure Adult Teen Child Infant

Atmospheric tritium 1.08 X 10-” 1.17 x 10-4 8.09 X 10-S 2.40 X 10-s
releases

Liquid tritium -2.19 X 10”4(” -1.54 x 10”4 –1.50 x 10-4 -9.52 x 10-5

releases

Net dose change -1.11 x 10-4 -3.70 x 10”5 -6.91 X 10-5 -7.12 X 10-s

a. Triti~ imparts a dose to soft tissues (i.e., all organs except bOne) that
is about 18 percent higher than the effective whole-body dose.

b. Negative sign denotes a decrease in dose.

This cooling alternative would reduce the annual dose to the effective whole
body of the maximally exposed adult and to Port Wentworth and Beaufort–Jasper
water users by 1.11 x ~o.4 millirem, 2.13 X

~o. z person-rem, and
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1.13 x 10-2 person-rem, respectively, and would increase the collective
effective whole-body dose to the 80-kilometer population by 4.95 x 10-3
person-rem. These dose changes are very small in comparison to the normal
year-to-year variations in natural background radiation.

present triti~ releases to the Savannah River from Four Mile Creek result in
an effective whole-body dose of 5.92 x 10-Z millirem per year to the
maximally exposed adult. This alternative would reduce the liquid tritiurn
dose by 2.19 x 10-4 millirem per year and increase the atmospheric dose by
1.08 x 10-4 millirem per year, resulting in an overall reduction of 1.11 x
10”” millirem per year.

Health Effects

Using the risk estimators referred to in Section 4.1.1.2 and the organ doses
presented in Appendix G, the population within 80 kilometers of the SRP could
experience an annual increase of 5.82 x 10-7 eXCeSS cancer fatality and 1.50
x 10-’ additional genetic disorder from the operation of this alternative
cooling water system. The populations at Beaufort-Jasper and Port Wentworth
downstream from the Plant could experience decreases of 3.84 x 10”’ fatal
cancer and 9.87 x 10-6 genetic disorder per year. Changes in annual health
effects related to the operation of a cooling tOwer at C–ReactOr would he the
same as those for K–Reactor, which are listed in Table 4-7.

4.2.2 RECIRCULATING COOLING TOWERS

4.2.2.1 Construction Impacts

SOciOecOnOmics

Construction of the recirculating cooling towers for C-Reactor would be AO-1
accomplished in approximately 42 months following a 9–month design stage. BC-9

Construction could involve a combined construction workforce for the cooling
towers in K- and C-Areas. Section 4.1.2.1 describes the numbers and general

tYpes Of wOrkers required for construction of recirculating cooling towers for
both K– and C-Reactors. This alternative would not impact local communities
or services.

Historic and Archaeological Resources

The construction of recirculating cooling towers would disturb only one site
(38BR548) in the Four Mile Creek area. Site 38BR548 is a small prehistoric
lithic and ceramic scatter located on a terrace edge adjacent to the bank of
the northern branch of Four Mile Creek. No impact mitigation has been
recommended for this site, because the potential yield of additional research
information is negligible (see Appendix E for more details).

Water Quality

The construction impacts of recirculating cooling towers on the water quality
in Four Mile Creek would be tbe same as those described for a recirculating
cooling tower for K-Reactor (Section 4.1.2.1). The principal impact would be
some temporary localized increases in the suspended solids in the streams due
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to runoff and erosion from construction activities. The application of

standard erosion control practices would minimize these temporary effects.

ECO1OKY

The construction of recirculating cooling towers would result in the

BB-3 disturbance of approximately 60 acres of the habitat. This would include 21

BC-9 acres for both cooling towers, 38 acres for the pipeline right-of-way, and the
remainder for the relocation of various facilities and for construction of
service roads and parking areas. No adverse effects are expected on

vegetation outside the inunediateconstruction areas. Impacts on fish and
wildlife from the construction of recirculating cooling towers would be

similar to those associated with the construction of a Once-thrOugh cOOling
tower.

Radiolo~ical Releases

During the construction of recirculating cOOling tOwers fOr C-ReactOr* there
would be no changes in the atmospheric and liquid releases of radionuclides.
Reactor operation and the flow rate in Four Mile Creek would remain the same.
There would be no changes in reactor releases or remobilization of
radionuclides from the stream bed and, consequently, radiation doses to the
offsite population would not change.

The only change would be in doses delivered to onsite construction personnel,
as discussed in Section 4.2.1.1. This dose, estimated to be approximately 20

BC-9 millirem per year, is below the standards established by DOE for uncontrolled

BC-22 areas of 25 millirem per year from airborne releases and 100 millirem per year
from all pathways.

Other Construction Impacts

Other construction impacts would be similar to those described for a
once-through cooling-tower system for K-Reactor (i.e., air quality, noise,
solid waste, and outside construction personnel exposure to radioactive
releases), All applicable atmospheric emission standards would be met during
construction, solid waste generated from construction would be disposed of in
an approved manner, and fueling and maintenance of construction equiPment
would be performed under controlled conditions to minimize SpillS.

4.2.2.2 Operational Impacts

Socioeconomic

Six additional mechanics would be required to support the operation of
recirculating cooling towers at C-Reactor; the employment of these wOrkers
would not CaUSt?any Socioeconomic impacts in the study area.

Historic and Archeological Resources

Operational activities related to recirculating cooling towers for C-ReactOr
would not impact any historic and archaeological resources. During the
operation of the towers, cooling water effluent flo”s in Four Mile Creek would
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be reduced significantly. An archaeological and
the Four Mile creek ~ater~hed ~r.a located no
impact mitigation.

Water Quality and HydrOIOgY

historic resources
significant sites

survey in
requiring

The effects of the ~Peration of recirculating cooling towers on water quality
wOuld be similar tO thO~e de~~ribed fOr K-Reactor (see Section 4.1.2.2). The
operation of recirculating cooling toners would lower discharge temperatures
such that the State of South Carolina,S Class B water classification standard
for maximum instream temperature (32.2°C) would be met throughout the year.
However, the discharge from the cooling tower would raise the stream temper–

ature in Four Mile Creek more th~~ the 2.8”C m~xim~ ~bOVe ambient specified

in the water classification standards. Accordingly, a Section 316(a)

Demonstration study would be performed to demonstrate if a balanced biological
community would be maintained. The flow of Four Mile Creek would be reduced
from 11.3 to 1.7 cubic meters per second, similar to that described for Pen
Branch with the operation of recirculating towers for K-Reactor (see Section
4.1.2.2).

Air Quality

Air quality impacts from the operation of recirculating cooling towers at
C-Reactor would be identical to those addressed in Section 4.1.2.2 for the
K-Reactor recirculating cooling–tower.

m

The operation of the C-Reactor recirculating cooling towers would cause
increases in noise levels. The impacts would be similar to those described in
Section 4.1.2.2.

Ecolo~

Vegetation and Wetlands

The vegetation near the recirculating cooling towers would not be affected
adversely by drift from the towers. Operation of the recirculating cooling
towers would result in an estimated total solids deposition of about
2.2 kilograms per acre per year within 2 kilometers and 22.7 kilograms per
acre per year within 0.5 kilometer of the cooling towers. Because these rates
would be much less than the critical Values, no significant impacts on
vegetation should occur with this alternative.

The primary positive impact on vegetation would be a reduction in the loss of
wetland habitat due to reductions in discharge temperature and flow. The
operation of recirculating cooling towers would reduce the rate of growth of
the delta and allow the reestablishment of vegetation through the process of
natural succession for an estimated 1000 acres of wetland habitat that are
presently subject to thermal discharges and flooding.

To assist in ongoing consultations with FWS, a HEP analysis (Mackey et al.,
1987) was conducted; it identified the value of habitat to be gained or lost
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with the recirculating cooling-tower alternative (see Section 4.6 and

Appendix C for more details on HEP analysis).

Aquatic Habitat and Biota

The environxnentalconsequences resulting from the operation of a recirculating
cooling-tower system on aquatic habitat and biota in Castor and Four Mile
Creeks would be similar tO thOse described fOr Indian Grave Branch and pen
Branch from K-Reactor discharges.

Entrainment and Impingement

The estimated numbers of ichthyoplankton entrained and fish impinged from
operation of the recirculating cooling-tower system for C-Reactor wOuld be the
same as those described for K-Reactor because both reactors draw cooling water
from the same sources (1G and 3G canals) and would require the same
circulating water volume.

Threatened and Endangered Species

Implementation of the recirculating alternative would result in a reduction of
the effluent discharge in Four Mile Creek from about 11.3 to about 1.7 cubic
meters per second. This would allow the stream channel to revert approxi-
mately to its original width, and would allow fish and invertebrates tO
inhabit the stream channel. Habitat quality for the American alligator would
be markedly improved over present conditions; inundation of nests, eggs, and
hibernation sites from high water levels would be improbable.

Formal consultations were held between DOE and the FWS to comply with the
Endangered Species Act of 1973. Based on these consultations, the FWS ‘‘---3
a biological opinion that the preferred alternative cooling systems
have no effect on threatened and endangered species (Parker, 1986;
1986).

lssueo
should
Henry,

Radiological Releases

Appendix G contains details of the dose assessment methodology and parameters;
it also contains tables that list specific organ doses by pathway and
age-group. The operation of recirculating cooling towers would reduce the
flow rate of cooling water in Four Mile Creek and, therefore, decrease the
amount of radionuclides being remobilized from the stream bed and transported
to the Savannah River. The only radionuclide contained in the Four Mile Creek
bed in significant amounts is cesiurn-137(Appendix D). The reduced flow would
result in a decrease of about O.21 curie of cesiun-137 released per year to
the Savannah River.

Maximum Individual Dose - Table 4-18 lists the changes in effective–whOle-bOdy
and most-affected-organ (gonads) doses to the maximally exposed individual
resulting from the decrease in cesiurn-137released to the Savannah River.

Population Dose - Table 4-19 lists the decreases in the collective dOses
delivered to the affected population groups.
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Table 4–18. Decrease in Doses to Maximally Exposed Individual
Resulting from Cesium Redistribution Associated
with C-Reactor Recirculating Cooling Towers

Incremental dose reduction (mrem/yr)

Age group Effective whole body Gonadsa

Adult 1.20 x 10-’ 1.20 X10-1
Teen 9.21 X 10-2 9.23 X 10-2
Child 4.00 x 10-’ 4.01 x 10-’
Infant 3.86 X 10-4 3.86 X 10-4

a. Dose to gonads is directly comparable to soft tissue doses
resulting from triti~, because tritium imparts
dose to all soft tissues (i.e., all organs except

an equa1
bone).

Table 4-19. Decrease in Collective Effective
Whole-Body Dose Resulting from
Cesium Redistribution Associated
with C-Reactor Recirculating
Cooling Towers

Incremental
collective dose reduction

Population group (persOn-rem/yr)

80-km population 3.35 x 10-’
Beaufort-Jasper 1.83 X 10-Z
Port Wentworth 6.67 X 10-Z

Total 4.20 X 10-’

Tritium Releases

The folloWing sections discuss changes in the doses to the maximally exposed
individual at the SRP boundary and to offsite population groups (based on year
2000 projections) that are attributable to changes in atmospheric and liquid
releases to Four Mile Creek of tritium resulting from operation of
recirculating cooling towers.

Atmospheric Releases - The amount of tritium released annually to the
atmosphere is expected to increase by 425 curies (about O.1 percent of total
SRP releases of tritium to the atmosphere) as a result of evaporation
experienced during cooling. This would increase the atmospheric dose
Conunitmentsof the regional population and the maximally exposed individual.
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Changes in dose commitments resulting from the increased release of

atmospheric tritium are summarized below.

Maximum Individual Dose - The hypothetical individual whO wOuld ‘eceive ‘he
highest effective whOle-bOdy dOse from atmospheric releases associated with
this cooling alternative is the same as that described in SectiOn 4.2.1.2.

Table 4-20 summarizes the annual increases in soft-tissue and effective
whole–body doses received by the maximally exposed individual due to the
atmospheric release of tritium.

Table 4-20. Increase in Annual Doses to Maximally Exposed
Individual Resulting from Atmospheric Releases
of Tritium from C-Reactor Recirculating
Cooling Towers

Incremental dose increase (mrem/yr)

Age group Effective whole body All soft tissues’

Adult
Teen
Child
Infant

9.15 x 10-’
9.91 x 10-4
6.87 X 10””
2.03 X 10-4

1.08 X 10-’
1.17 x 1o”’
8.09 X 10-4
2.40 X 10-4

a. Tritium imparts an equal dose to all soft tissues (i.e.,
all organs except bone) that is 18 percent higher than the
effective whole-body dose.

Population Dose - Collective effective whole-body doses tO the POPulatiOn
within 80 kilometers of the SRP associated with this cooling alternative would
increase by 4.22 x 10-Z person-rem per year as a result of the increase in
tritiuxnreleased to the atmosphere.

Liquid Releases - The operation of this cooling alternative would reduce the
amount of tritium released to the stream by 425 curies per year (about 1
percent of the total SRP releases of tritim to streams) as a result of
evaporation of cooling water. Doses associated with the change in liquid
releases are discussed below for both the population and the maximally exposed
individual.

Maximum Individual Dose - The annual decrease in soft-tissue and effeCtiVe
whole-body doses received by the maximally exposed individual due to a
decrease in the liquid release of tritiw from C-Reactor is the same as that

TE for K-Reactor, which is sununarizedin Table 4-11.

I Population Dose - Decreases in the effective whole-body dose to the population
within 80 kilometers of the SRP and to the Beaufort-Jasper and pOrt WentwOrth
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population groups due to a decrease
C-Reactor would be the same as those
4-12.

overall Changes in IJffsiteD~ses

Table 4–21 sununarizeschanges in the

in the liquid release of tritim from
for K–Reactor, which are listed in Table

effective whole-bodv and mo~t-affected-
Organ doses received by the maximally exposed individual resulting from the
Operation of this cooling alternative. Table 4-22 lists changes in the
effective whole-body population dose.

Table 4-21. Changes in Effective Whole-Body and Gonadal Doses Received
by Maximally Exposed Individual Resulting from Operation of
C–Reactor Recirculating Cooling Towers (millirem per year)

Source of exposure Adult Teen Child Infant

EFFECTIVE WHOLE-BODY DOSE INCREMENT

Atmospheric tritium
releases’ 9.15 x 10-4 9.91 x 10-4 6.87 X 10-4 2.03 X 10-4
Liquid tritiurn
releasesa -1.85 X 10-3(b) –1.31 x 10-3 –1.27 X 10-’ -8.06 x 10-4
Cesium transport –1.20 x 10-’ -9.21 X 10-2 -4.00 X 10-2 -3.86 X 10-4

BC-22

Net dose change -1.21 x 10-’ –9.24 X 10-Z -4.06 X 10-Z -9.89 x 10-4

GONADAL DOSE INCREMENT

Atmospheric tritium
releases” 1.08 X 10-3 1.17 x 10-3 8.09 X 10-4 2.40 X 10-4
Liquid tritium
releases’ -2.18 X 10-3 –1.53 x 10-3 –1.50 x 10-3

Cesium transport
-9.48 X 10-4

-1.20 x 10-’ -9.23 X 10-2 -4.01 x 10-2 -3.86 X 10-” BC-22

Net dose change -1.21 x 10-’ -9.27 X 10-Z -4.08 X 10-Z -1.09 x 10-3

a. Tritiurnimparts a dose to soft tissues (i.e., all organs except bone) that
is about 18 percent higher than the effective whole-body dose.

b. Negative sign preceding number denotes a decrease in dose.
c. Gonadal dose is directly comparable to soft tissue doses resulting from

tritium since tritium imparts an equal dose to all soft tissues (i.e.,
all organs except bone).

The recirculating cooling–tower alternative would reduce the annual effective
whole-body dose to the maximally exposed adult by 1.21 x 10-‘ millirem, and
the collective effective whole–body dose to the 80-kilometer population and
the Port Wentworth and Beaufort–Jasper water users by 2.93 x 10-‘, 2.49 x

BC-22

10-’, and 1.14 x 10-’ person-rem per year, respectively. These changes
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Table 4-22. Changes in Collective Effective Whole-Body Dose
Resulting from Operation of C-Reactor Recirculating
Cooling Towers (Person-rem per Year)

80-kilometer Beaufort Port
Source of exposure population Jasper Wentworth Total

EFFEcTIVE WHOLE-BODY DOSE INCREMENT
Atmospheric trit-
ium releases 4.22 X 10-2 4.22 X 10-’

Liquid tritium
releases -2.09 X 10-4(”) –9.58 x 10-Z -1.82 X 10-’ -2.78 X 10-’

Cesium transport -3.35 x 10-’ -1.83 X LO-Z -6.67 X 10-Z -4.20 X 10-’

Net dose change -2.93 X 10-’ –1.14 x 10-1 -2.49 X 10-’ -6.56 X 10-’

a. Negative sign preceding number denotes decrease in dose.

are very small compared with normal year-to-year variation in natural
background radiation.

Present SRP operations result in an effective whole-body dose of 5.92 x 10”2
millirem per year to the maximally exposed adult from tritium releases to the
Savannah River from Four Mile Creek. This alternative would reduce the liquid
tritium dose by 1.85 x 10-3 millirem per year and increase the atmospheric
tritiwn dose by 9.15 x 10-4 millirem per year, resulting in an Overall
reduction of 9.35 x 10-” millirem per year. Similarly, the effective
whole-body dose to the maximal1y exposed adult from cesium releases is
1.37 x 10-’ millirem per year. This alternative would reduce this dose by
1.20 x 10-’ millirem per year.

Health Effects

Using the organ doses and the risk estimators discussed above and presented in
Appendix G, the population within 80 kilometers of the Savannah River Plant
could experience a decrease of 2.31 x 10-5 cancer fatality and 7.37 x 10-5
genetic disorder per year from the operation of this system. The populations
at Beaufort-Jasper and Port Wentworth downstream
decreases of 3.98 x 10-5 fatal cancer and 1.06
year. Table k-23 summarizes this information.

4.2.3 NO ACTION - EXISTING SYSTEM

The no-action alternative for C-Reactor would
through cooling water system that withdraws water
the lG and 3G intakes) and discharges it into

from the SRP could experience
x 10-4 genetic disorder per

maintain the existing once-
from the Savannah River (via
Four Mile Creek. Chapter 3



Table 4–23. Changes in Annual Health Effects

Genetic Fatal
Population group disorders cancers

80–kilometer radius -7.37 x 10-5 -2.31 X 10-s
Beaufort–Jasper -3.37 x 10-5 -1.28 X 10-’
Port Wentworth -7.22 X 10-5 -2.70 X 10-5

Total –1.80 X 10-4 -6.29 X 10-5

and Appendix C describe the ~nvirOnmental baseline ~Ondition~ a~~Ociated with
this system. This section summarizes the major environmental impacts of the
existing system.

4.2.3.1 Water Quality a“d Hydrology

The annual average flow in Four Mile Creek downstream of the C-Reactor cooling
water discharge point “ould continue to be about 11.3 cubic meters per second
higher than the natural stream flow of 0.6 cubic meter per second. The
pattern of erosion upstream and deposition downstream would continue, and the
delta at the stream mouth would continue to grcIw.

Water temperatures in the creek downstream of the point of discharge from
C-Reactor would have an annua1 average of about 38.5”C. Above the
discharge, the mean temperature would be about 17.8”c. The highest
temperatures would occur during extreme summer conditions, when the effluent
would reach about 75”C, falling to about 44°C at the swamp. Ambient
stream temperatures would be about 31°C at these times. ln fh:o W:::r TC
months, temperatures in the creek and swamp would range from 72
while ambient stream temperatures would be about ll°C.

,
These conditions

would be present only when the reactor was operating. The continuation of the
existing cooling water discharge from C-Reactor would not comply with the
State of South Carolina’s Class B water classification standards.

Lowered dissolved oxygen concentrations would continue to exist as a result
of elevated water temperatures in the creek. Mean annua1 oxygen levels
downstream of the discharge would be about 6.6 milligrams per liter.
Concentrations frequently would fall belo” minimw State class B ~tandard~ (5
milligrams per liter) in portions of the creek primarily during reactor
operations in the summer.

Nutrient concentrations in Four Mile Creek generally would be higher than
those that would occur naturally in these waterways because of the higher
concentrations of these substances in the Savannah River water used for
cooling. Nitrate levels are also higher (e.g., above the discharge point) due
to effluents from the upstream process areas. The thermal reaches of Four
Mile Creek would display’ mean concentrations of total ph~~ph~ru~, ~rtho_
phosphates, nitrite, and Kjeldahl (total) nitrogen slightly lower than
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those of the Savannah River (but still higher than ambient creek levels)
(DIJPent, 1985b). Ammonia concentrations in Four Mile Creek would also be
slightly lower than in the river, but would still be about twice as great as
those in nonthermal portions of the creek.

4.2.3.2 Ecology and Wetlands

Aquatic and adjacent terrestrial environments of Four Mile Creek would
continue to be influenced by the thermal releases from C-Reactor. The flora

along the creek would continue to be sparse, reflecting the influence of high
flow and elevated water temperatures. In backwaters and shallow areas, thick
mats of blue-green algae would continue to cover the bottom. Tag alder and
wax myrtle would dominate the riparian vegetation. Further downstream toward
the swamp, where the stream is braided Over a marsh-like area and a few
standing dead bald cypress remain, the deeper channels would be relatively
free of vegetation, with thick growths of sedges along the banks. Mats of
blue-green algae would also cover the shallower areas in these reaches. About
1147 acres of wetlands would continue to be affected in the Four Mile Creek
floodplain and swamp; the loss of swamp and canopy would centinue to proceed
at the rate of approximately 28 acres per year (Du Pent, 1987).

Most aquatic invertebrate species would continue to be absent from the creek
due both to the high water temperatures during operations and to the scouring
effect of the effluent flow. In the downstream delta and swamp areas,
macroinvertebrates would be present, but in lower species richness than those
in comparable ambient areas. Fish would not inhabit the thermal reaches of
Four Mile Creek except when the reactor is not operating or during periods
when the Savannah River floods into the SRP swamp.

The fish fauna upstream of the discharge point would centinue to be
depauperate (i.e., poor or reduced) in both numbers and diversity. Fish would
be expected to be in low abundance in the mouth of the creek except during the
winter, when they are attracted to the warm water plume, making them vulner-
able to cold shock when the reactor is shut down. Fish in the Savannah River
would not be affected by the discharge plume from Four Mile Creek; a year-
round zone of passage around tbe plume would be present in the river.

High Savannah River flows would transport ichthyoplankton into thermally
impacted portions of tbe swamp from adjacent unimpacted areas. In addition,
some fish use thermally impacted areas for spawning during high river flows,

the heated water are altered dramatically during
TC I ?:%~ef;~; ~;~tj~;;, ti,b, 1987).

Wildlife and habitat for wildlife in the Four Mile Creek delta system would be
similar to those found in the Pen Branch area.

4.2.3.3 Entrainment and Impingement

The estimated numbers of ichthyoplankton entrained and fish impinged as a

BB-3
result of use of the no-action alternative for C-Reactor would be the same as
those described for this alternative with K–Reactor (Section 4.1.3.3) because

BD-5 the two reactors draw cooling water from the same sources (1G and 3G canals)
and would require the same circulating water volume.
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&.2.3.4 Threatened and Endangered ‘SpeCies

‘~..,

during reactor
maximum for the
the swamp would

Temperatures in the thermal region of Four Mile Creek
operations would continue to exceed the critical thermal
American alligator (Du Pent, 1985h). Four Mile Creek and

TC

continue to be unfavorable to wood stork foraging due to the l~w fish
densities, high water temperatures, and increased water depths. Shortnose
sturgeon larvae and ad~lt~ have never bee” ~Olle~ted frOm F~LIrMile oreek and
neither would be expected if the no-action alternative “ere implemented.

4.3 ALTERNATIVES FOR D-AREA COAL-FIRED POWERHOUSE

The alternatives for the D–Area coal–fired powerhouse are increased flow with
mixing, direct discharge to the Savannah River, and no action. The following
sections describe the environmental consequences of these alternatives.

4.3.1 INCREASED FLOW WITH MIXING

4.3.1.1 Construction Impacts

This alternative could be implemented immediately after compliance with

applicable environmental approvals (Chapter 5). No construction activities
would be required to implement this alternative; hence, there are no
environmental impacts due to construction.

4.3.1.2 Operational Impacts

SOciOecOnOmics

This alternative would produce no socioeconomic impacts because it would not
require any additional workers for operation.

Historic and Archaeological Resources

Operational activities related to this alternative would produce slight
periodic increases in water flow in Beaver Dam Creek; however, no
archaeologicaland historic resources would be impacted (Appendix E).

Water Quality and Hydrology

Water quality monitoring studies conducted in Beaver Dam creek frOm 1973 to
1982 have shown that, with the exception of temperature, all South Carolina
class B water classification standards have been met (Du pent, lgg5b). This
cooling water alternative would discharge through NPDES-permitted outfall
D-001, which has daily maximum discharge limitations of 40 milligrams per
liter of total suspended solids and 15 milligrams per liter of oil and grease,
and a temperature limitation of 3z.ZOC.

The implementation of this alternative would reduce the effluent water
temperatures in downstream areas, including the swamp (see Section 2.2.3.1)
and would meet all NPDES permit requirements at outfall D-001, with the
exception of a maximum rise in ambient stream temperatures of 2.8°C during
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the winter. A Section 316(a) Demonstration study would be performed tO
determine whether a balanced biological community would be maintained. Water
temperatures in Beaver Dam Creek during the spring and s~er wOuld mOre
closely approximate the normal temperature regime of unaffected streams in the
area after the implementation of increased pumping to meet permitted
requirements.

Increased flow with mixing would produce temporarY increases in suspended
solids in the creek channel above the swamp due tO the erOsiOn Of the
streambed and banks or the resuspension of previously settled material caused
by the intermittent increased flow. The total load of suspended material in
Beaver Dam Creek, however, would be nO higher than that experienced ‘n
previous years. This total loading would return to near previous levels after
the stream channel has reached equilibrium, and the resultant stream water
temperature would reduce heat-related loss of streambank vegetation.

Increased flow with mixing could cause the flow in Beaver Dam Creek at the SRP
Health Protection Department monitoring station to increase to 4.0 cubic
meters per second (five pumps) during periods of peak summer temperatures.
This would result in changes in stream morphology as a result of erosion and
sedimentation, as well as the increased volume of water that would be carried
intermittently by the creek. Some fluctuations now occur in the flOws in the
stream as a result of the powerhouse loads andlor maintenance outages.
Generally, these changes are small and occur infrequently.

To assess the potential impact of increased flows, DOE conducted a P~P test
in Beaver Dam Creek during a 7-day period in June 1985. Under normal
conditions, three pumps at the 5G pumphouse provide cooling water to D-Area.
During tbe test, one additional pump and then two additional P~Ps were
brought into service to study the impacts on water levels in the swamp. Water
levels were monitored at eight locations along the creek and in the swamp.
The results of the test indicated that water levels in the upper and lower
channels of the creek rose and then declined to some extent. With four pumps
operating, the water level increased by about 10 centimeters within 8 hours
and then declined by 2 centimeters during the next 2 days. Following the
activation of the fifth pump, the total rise in the water level was initially
17 centimeters over the pretest conditions; however, the water surface fell
about 5 centimeters during continued pumping the next 5 days. Water levels in
the swamp increased by 14 centimeters during the test and were still
increasing at a rate of 0.5 centimeter per day when the pump test ended. With
the increased flow alternative, pump tests indicate that the water levels in
Beaver Dam Creek and swamp should increase between 12 and 19 centimeters over
present levels during those times when flow will be augmented (Specht, 1985).

Air Quality and Noise

Increased flow with mixing would produce a small increase in average noise
levels in the immediate area of the pumps when increased pumping is required
during the summer. At the nearest offsite area, the increased levels of noise
would be negligible. In the area of the pumps and in other areas where
workers might be exposed to equipment noise, workers would wear protective
equipment in accordance with applicable standards and regulations. Increased
flow with mixing would cause no increase in local atmospheric emissions Of
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pollutants due to the increased pumping, but would
electricity and attendant emi~~ion~. Emissions currently
air quality standards.

Ecology

Habitat and Biota

require additional
meet all applicable

Balanced communities in all biOtic categories presently exist in all natural
portions of the Beaver D~~ creek ecosystem and should remain after the
implementation of this alternative. Predicted maximum water temperatures
wOuld not exceed 32°c and, therefore, would comply with the maximum of
32.2°c required for cla~~ B ~ater~ of South Carolina. However, the other
temperature criterion for Class B waters (maximum AT of 2.8°C above
ambient) would be exceeded by as much as an average monthly value of 10”C in
the immediate discharge area and by as much as 7°c at the creek mouth (see
Appendix B, Tables B–4 and B-5). Accordingly, a Section 316(a) Demonstration
wOuld be cOnducted for NpDES compliance after this alternative system becomes
operational.

Increased flow during the s-er should increase aquatic habitat and the
abundance and diversity of aquatic biota. However,
habitat

terrestrial wildlife
would be reduced and associated wildlife would be displaced

temporarily during periods of increased pumping. An estimated 4 acres each of
uplands and wetlands would be inundated temporarily be~au~e of intermittent
flooding from increased flow.

The increase in pumping probably would cause a temporary increase in the
erosion of the stream channel. The adverse effects of siltation on aquatic
organisms and their habitats are well documented (Ellis, 1936; Hynes, 1970;
Marzolf, 1980; Adams and Bescbta, 1980). These temporary increases in
siltation could result in reduced primary productivity and reduced populations
of some benthic invertebrates, and could reduce fish spawning and feeding
habitat downstream if increased pumping were to occur during the spawning
season. However, increased pumping probably would not be required during the
peak spawning period of fish in Beaver Dam Creek. The expected erosion and
the resulting siltation would equilibrate rapidly under an increased flow
regime. Most adverse impacts from increased siltation in streams are
temporary, and biota quickly recolonize after the disturbance has ceased
(Barton, 1977; Boschung and O’Neil, 1981).

To compare and assess environmental impacts to the Beaver Dam Creek watershed
before and after the implementation of this alternative, the stream system has
been divided into two reaches on the basis of the presence of two distinct
stream gradients: Reach 1 extends from the D-Area powerhouse cooling water
discharge outfall (NPDES Outfall D-001) to the mouth of the Beaver Dam Creek
delta; Reach 2 extends from the delta to the Savannah River.

Beaver Dam Creek is a low potential impact area for phytoplankton, because
phytoplankton do not contribute significantly to the food chain base. The
food base throughout the creek consists of detrital material rather than
phytoplankton, as is typical in lotic sY~tem~. Primary producers in the
Beaver Dam Creek system consist mainly of periphyton and macrophytes (Du Pent,
1987).

BB-3
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Following implementation of this alternative, a diverse zooplankton community
should remain in Beaver Dam Creek; this community should not be affected
adversely by D-Area powerhouse operation. Rather, increased flow with mixing
should enhance the zooplankton communities in the immediate discharge area by
eliminating potential exposures to lethal temperatures (greater than 32°C).
The maximum predicted s~er temperatures in Reaches 1 and 2 wOuld be 32°C
and 31°c, respectively (see Appendix B, Tables B-4 and B-5). These
temperatures are within the range tolerated by most, if not all, indigenous
species; indeed, ambient summer water temperatures in many southeastern
streams equal or exceed these values.

The zooplankton conununity should provide food for balanced indigenous
macroinvertebrate and fish conununities. The heated discharge should not alter
the standing crop, community structure, or seasonal periodicity of zooplankton
in the farfield study area from those values typical of the receiving
water-body segment prior to SRP operation. Furthermore, the thermal plume
resulting from powerhouse operation should not constitute a lethal barrier to
the free movement.(drift) of zooplankton.

The increased flows and reduced temperatures associated with this alternative
should not cause significant deterioration of the habitat-formers community in
the Beaver Dam Creek system. Because increased temperatures affect species
composition by reducing diversity, altering species dominance, or even
eliminating some species, the reduced temperatures should improve the
habitat-formers community. Scouring due to the increased flow would affect
primarily Reach 1 of Beaver Dam Creek. At present, macrophytes are not
present in this reach of the stream due to water velocity and turbidity
(Du Pent, 1987). The habitat–formers comunity in the delta and swamp areas
should not be affected significantly by increased flows because fluctuations
of flow and increases in current velocity through these areas would not be as
rapid or severe as those in Reach 1.

During the sununer months, increased pumping would reduce stream water
temperatures in comparison to existing conditions, and would provide a thermal
regime that should support a diverse macroinvertebrate conununity. The maximum
predicted summer temperatures in the two reaches of the stream would IIOt
exceed 32°C and 31”C, respectively. These temperatures are within the
range tolerated by most, if not all, indigenous species of macroinvertebrates.

Implementation of this alternative should not result in major changes to the
structure and function of the existing macroinvertebrate conununity,although
some minor shifts in the relative abundance of some taxa probably would
occur. Increases in water velocity during increased pumping would favor such
taxa as Ephemeroptera and Trichoptera, many species of which prefer faster”
flowing water. Conversely, species that prefer slow flowing water, (4<. ,
amphipods and water mites) could exhibit some decline in density a~tirelative
abundance during certain periods of operation.

The increased water velocity could result in temporary ino~eases in the drift
drate of some species of macroinvertebrates, such as th se that would occur

after a heavy rainfall. However, the macroinvertebra~ Comunity should be
able to sustain the slightly higher rates of drift and would not be affected
adversely. Increased rates of macroinvertebrat~ drift would provide
additional food for higher trophic levels (i.e., fish).
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Increases in water depth of 10 to 20 centimeters often OCCLIr naturally in
Beaver Dam creek during periods of heavy rainfall and should not affect the
macroinvertebrate community adversely. The rise in water level would inundate
the edges of the stream and, during periods of extended pumping, could result
in some increases in the overall amount of aquatic habitat available for
colonization. When increased pumping stopped, the water levels should recede
gradually and not result in significant stranding of ma~rOinvertebrate~.

AlthOugh “~ data are available on insect emergence patterns in Bea.Jer Dam
Creek, early emergence probably occurs at present due to the elevated thermal
regime of the creek. Increased pumping should not alter the present emergence
patterns, because water temperatures in the winter would not be altered. The
cooler water temperatures that would exist in Beaver Dam Creek during the
Sununermonths could result in the addition of a few species of ~acrOinverte-
brates that cannot tolerate the present smer temperatures. However, no
major shifts in species composition, density, or standing crop of the
macroinvertebrate community of Beaver Dam Creek should occur. The
macroinvertebrate community should provide the food necessary for the
maintenance of a balanced indigenous fish community.

The thermal plume resulting from the D–Area cooling water discharge would not
interfere with the drift or upstream movement of macroinvertebrates, if such
movement were possible. However, because Beaver Dam is an intermittent stream
above the outfall, little, if any, drift or upstream movement is possible.
Increased pumping should not have any impact on the community structure,
standing crop, or seasonal periodicity of macroinvertebrates in the farfield
study area. The temperatures of the thermal plme would not constitute ~
barrier to either the drift or the “P~tream movement of ~~rOinvertebrate~.

The fish community of Beaver Dam Creek should not suffer appreciable harm from
the operation of the D-Area powerhouse following increased flow with mixing.
There should be no direct or indirect mortality from excess heat or cold
shock. The absolute maximum monthly predicted water temperature at the
powerhouse discharge compliance point would be 32°C and the maximum
predicted average monthly value would be 29°c (see Appendix B, Tables B–L
and B-5). In contrast, the upper incipient lethal temperatures for
representative and important species (largemouth bass, bluegill, and catfish)
are in the mid– to upper 30s”C. Because the maximum average monthly
temperature increase above ambient (AT) in the vicinity of the discharge
following implementation of this alternative would be no more than 113”C,
cessation of heated discharges during the winter months should not ~e~ult in
cold shock to fish. Reproductive success and growth of all indigenous species
of fish should be similar to present conditions with this alternative; growth
should be enhanced because the S1ight warming from the powerhouse discharge
results in optimal growth temperatures occurring for more of the year than
with ambient conditions. Maximal absolute temperatures (32”C) and average
monthly AT values (4”C-1O”C) should not block fish migration. Thus, the
entire Beaver Dam Creek system would be available fOr fish habitation; the
free movement of fishes between the headwaitersof Beaver Da” Creek and the
Savannah River would not be inhibited by powerhouse operations at any time
during the year.

B-3

4-61



The increased-flow alternative should not cause significant changes to
spawning activities in Beaver Dam Creek. Cooler summer temperatures caused by

BB-3 increased flow and mixing could enhance summer spawning. However, this could
be offset by the increased variability of flow and temperature resulting from
implementation of this alternative.

Entrainment and Impingement

BD-!

The increase in cooling water flow through the 5G intake resulting from the
implementation of this alternative would occur only during periods when
ambient Savannah River water temperatures approach 32.2°C (MaY through
September). Entrainment studies conducted at the 5G intake annually from 1983
to 1985 have produced estimates that an average of 1.2 x 10’ fish larvae and
an average of 0.8 x 106 fish eggs are entrained during the February–July
spawning season as a result of cooling water withdrawal for the D-Area
powerhouse (DOE, 1987a; Appendix C). Specht (1985), using entrainment data
collected at the 5G intake during 1984, estimated that approximately 3 percent
additional fish eggs and larvae would be entrained annually if increased
pumping were required during the May-to–September time period (based on the
32.2°C temperature requirement). Application of this increased factor to
the entire 1983-1985 entrainment data set yields a projection of an additional
3.6 X 10” fish larvae and 2.4 x 10” fish eggs entrained each year if the
increased pumping alternative were implemented during the May-to-September
time period. With this increase, entrainment at the 5G intake structure
resulting from the operation of the D-Area powerhouse would average 1.2 x
10’ fish larvae and 0.8 x 10’ fish eggs per year. The principal species
affected would be the clupeids, centrarchids, and cyprinids. The overal1
impact to fishery resources would be minimal.

The rate at which fish are impinged on the intake screens at SRP pumphouses is
related not only to the volume of water pumped but also to such factors as
river water level, water temperature, and the density and species of fish in
the intake canal (Du Pent, 1985b). Current rates of impingement at the 5G
intake structure are based on studies conducted annually from 1983 to 1985,
which determined that an average of 1717 fish are impinged each year as a
result of cooling water withdrawal for the D-Area powerhouse (DOE, 1987).
During this 3-year sampling period, approximately 93 percent of all fish
collected were impinged during the March-to-May time period. Rates of
increased impingement based on Specht (1985), using sampling data collected
during 1984, and on estimates of the rate of increased pumping, the number of
pumps operating, and the number of days that pumping would be required during
the spring and summer to meet the 32.2°C temperature requirement led to
projections that utilization of the increased-pumping alternative during 1984
would have resulted in an additional 14 fish being impinged at the 5G intake
structure. Estimated annual impingement during 1984 was 213 fish (DOE, 1987);
therefore, this amounts to a 6.6-percent increase. Application of this factor
to the entire 1983-1985 impingement data set for the 5G intake yields a
projected increase of 113 fish impinged per year when the increased pumping
alternative is used. With this increase, impingement at the 5G intake
structure resulting from the operation of the D–Area powerhouse would average
1831 fish per year. The principal species impacted would be the centrarchids
and clupeids. The overall impact to fishery resources would be minimal.
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Threatened and Endangered Species

American Alligator – D~ns~ p~pul~tio~~ of alligators occur on Beaver Dam Creek
and in the swamp associated with the creek (Du Pent, 1985b, 1987). These
large populations probably OCCUr because of the excellent breeding/nesting
habitat associated with the backwaters ~long the creek and a reduction of
alligator mortality. The mildly thermal effluent can provide refugia for
alligators in the winter or, alternatively, enhance the growth rate of
juveniles,which increases their survivability.

A minimum of 28 alligators representing all size ClaSSeS (equivalent to age
classes) longer than 1 meter inhabit this stream (based on aerial SUrVeyS from
December 1983 to March 1984). Subsequent ground surveys in April and May 1984
resulted in the capture of 11 alligators representing age classes of 1-, 2-,
and 3-year-olds. The backwater areas along the creek probably support a
self-sustaining alligator population because all age classes of juveniles and
adults have been observed (Du Pent, 1985b).

The primary impacts of this alternative on the alligator would be cooler
effluents during the summer and intermittently increased water levels caused
by the larger cool ing water flows. Effluent temperatures under this
alternative would be well below the alligator’s critical thermal maximm
during the summer; these temperatures are not expected to produce negative
impacts on survivability. The heated effluent would centinue to provide a
thermal “refuge” for the alligator during the winter. This winter refuge
would continue to enhance the growth rate and lower the mortality in juvenile
age classes. Water level increases less than about 35 centimeters are not
likely to impact alligator nesting sites in Beaver Dam swamp (personal
communication, R. Siegel, Savannah River Ecology Laboratory). Thus, the
increased flow from D-Area should “ot affect the American alligator adversely.

Bald Eagle - The first sighting of an active bald eagle nest on the SRP
occurred on June 5, 1986. The nest is below Par Pond dam in the Lower Three
Runs Creek drainage basin. Because of the nest location and due to the
implementation of management practices in accordance with the guidelines of
the 1984 bald eagle recovery plan, the FWS issued a finding of no effect to
this endangered species in 1986 (Henry, 1986).

Wood Stork - Based on 1983 data, the last wood stork observed feeding on the
Savannah River Plant occurred on August 1, 1983. By August 15, the majority
of the storks had dispersed from the Birdsville colony; by August 24, all had
dispersed. Aerial and ground surveys for wood storks continued until
September 27, but there were no additional observations of foraging on the
Plant (Meyers, 1984).

During 1984, an average of 13 wood storks were observed during 89 surveys
between May and mid-November (Coulter, 1986). The Steel Creel:delta, Beaver
Dam Creek, and the swamp between Pen Branch and Four Mile Creek were used by
the wood stork to the greatest extent in .1984. However, on only 3 of the 12
occasions when wood storks were observed on Four Mile Creek were there more
than tWo storks in each siting (Coulter, 1986). Beaver Dam Creek was
important to wood storks in 1983 and 1984 but no individuals were observed in

BB-3

1985. In 1986, a total of 15 wood storks was observed at the Beaver Dam Creek
delta (Du Pent, 1987).

4-63



BB-3

The primary impacts on the wood stork from the implementation of this
alternative for D-Area wOuld be intermittently increased ‘ater levels and
decreased effluent temperatures during the smer. Effluent temperatures
wOuld be below 32.2°C during these mOnths, thereby having minimal imPact ‘n
foraging habitat.

Based on flow testing, the increased flow would raise water levels in the
swamp by approximately 12 to 19 centimeters (Specht, 1985). Optimal average
water depths for wood stork foraging is 25 centimeters. Depending on the
initial water levels in foraging pools in the swamp, the 12- to 19-centimeter
increase probably would reduce the availability of foraging sites in the
Beaver Dam Creek delta area (Du Pent, 1987).

If increased pwping occurs when wood storks are activelY fOraging ‘n the area
and prey were optimally concentrated, the prey could be dispersed temporarily
by the increased flow; however, because the water levels fall quickly in
response to a decrease in pumping, this habitat would again be available to
the wood stork. Because the wood stork is an opportunistic feeder, it would
probably utilize this foraging source after it is reestablished. Flow
fluctuations can also enhance foraging habitats by delaying or preventing such
habitat from drying up, as noted by the U.S. Fish and Wildlife Service in its
consultation for Steel Creek (FWS, 1984a). In addition, increased pumping
would delay the reestablishment of a closed canopy, which could continue to
provide foraging habitat for the wood stork.

Red-Cockaded Woodpecker – Nesting and foraging habitats for the red-cockaded
woodpecker occur near Route 278 in the northeastern corner of the Plant and
between Lower Three Runs Creek and Meyers Branch. D-Area operations would
have no impact on these habitats.

Shortnose Sturgeon - Increased flow from this alternative would have no effect
on the population status of shortnose sturgeOn in the Savannah River.
Suitable habitat exists above and below the Plant, based on the presence of
spawning sturgeon and larvae.

Entrainment of shortnose sturgeon eggs and larvae in the D-Area intake cooling
water is not likely because of their demersal (bettom) and adhesive nature.
In addition, spaming occurs in the Ssvannah River during February and March
(Matthews and Muska, 1983), before any increased pumping that would be
required during the May-to-September mitigation period. Previous studies have
found no shortnose sturgeons on the SRP cooling water intake screens, and
there is no evidence that juveniles or adults inhabit the intake cove.
Moreover, healthy shortnose sturgeon are unlikely to be impinged, given
pumphouse intake velocities and sturgeon swimming speeds (Du Pent, 1985b). In
addition, the National Marine Fisheries Service (NMFS) has previously
concurred in DOE’s determination that the population of shortnose sturgeon in
the Savannah would not be affected adversely by SRP operations (Oravetz, 1983).

Radiological Releases

Because the cooling water discharge from the D–Area powerhouse does
contain radionuclides, there would be no direct radiological releases
impacts associated with the operation of increased flow with miXing.
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increased flow to Beaver Dam Creek’ from increased flow with mixing would
result in a slight reduction in the concentrations of trit~ufnin the creek,
which are due to releases from the moderator rework facility.

Remobilization of radionuclides such as cesium-137 from the Beaver Dam Creek
bed Would be insignificant, be~au~e radiOn~~lide~ with the potential for
remobilization are present only in very minute quantities in the creek bed
(Boyns and smith, 1982; Du pent, 1981a, 1981b; D~ pent, 1985c; L~wer, 1984b;
Lower and Hayes, 1984).

&.3.2 DIRECT DISCHARGE TO SAVANNAH RIVER

4.3.2.1 Construction Impacts

Socioeconcanics

The direct discharge alternative for
a new pipeline and discharqe svstem

the D-Area would involve construction of
from D–Area facilities to the Savannah

River. The construction would be accomplished in approximately 22 months, and
would involve a peak construction work force of 40 persons.

The analysis presented in Section 4.1.1.1 indicates that a large number of
construction workers living in the general vicinity of the SRP are expected to
become available for employment in the next few years. Because these
construction workers already reside in the SRP area, no impacts to local
connnunitiesand services due to immigrating workers would be expected.

Historic and Archaeological Resources

An archaeological and historic resources survey was conducted that encompassed
the specific area west of Beaver Dam Creek that would be disturbed by pipeline
construction activities associated with the direct discharge alternative fof
D-Area. No evidence of archaeological resources was found during the survey;
therefore, no impacts are anticipated from implementation of this alternative.

Water Quality and Hydrology

The principal impact to water quality during construction would be some
temporary localized increases in suspended solids in the Savannah River and
swamp due to runoff and erosion from land areas and to dredging on the river
bank. Appropriate engineering construction measures would be utilized to
control erosion and drainage.

Some temporary structures (e.g., access roads, cofferd~s , berms) might have
to be used during the construction of the pipeline from D-Area into the
river. These structures would be planned to minimize any disruption of
natural water flows by using such measures as bypass channels and culverts.
Following construction, the waterways would be restored to their previous
state as much as possible. ‘No permanent changes in existing flow patterns in
the stream, river, or swainpare anticipated.

Construction of the discharge sparging system along tbe river banks would
require limited dredging through the natural levee separating the Savannah
River from the swamp. These activities could require a permit from the U.S. ITC
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Army Corps of Engineers. A Section 401 certificate from SCDHEC would also be
required to ensure that construction- and operation-related discharges into
navigable waters comply with the applicable effluent limitations and water
quality standards of the Clean Water Act.

Ecology

An estimated 1 acre of wetlands and 5 acres of uplands would be disturbed by
construction of the pipeline and associated rights-of-way from the D-Area
plant to the Savannah River. Construction activities are not expected to
produce adverse effects on vegetation outside the i~ediate cOnstructiOn
areas. Approximately 4 of the 6 acres that would be affected consist of
regenerated koblolly pine and bottomland hardwoods.

During construction, wildlife (e.g., birds, turtles, and small game animals)
would leave the immediate area of construction when activities increased. The
process of clearing the right-of-way and installing the pipe could result in
the loss of some small mammals, such as shrews and mice, and some amphibians
and reptiles such as salamanders and snakes. No critical habitats for

BB-3 threatened or endangered species would be affected by the construction of the
pipeline, because no critical habitat has been identified in South Carolina.
When construction was completed, areas no longer needed for construction would
be replanted with appropriate grasses, shrubs, or trees and thus mde
available for use by wildlife.

Temporary increases in siltation would result in impacts on some benthic
organisms and could temporarily affect fish spawning in the immediate area of
the discharge structure if construction were to occur during the spawning
season. These effects would be temporary, and biota should recolonize after
the disturbance ceased or equilibration occurred.

Other Construction Impacts

Solid waste (excluding clearing debris) would be placed in containers for
disposal in an approved manner. Because of the proximity of the construction
to waterways, special care would be taken to prevent spills of fuels or
chemicals. All applicable atmospheric emissions standards would be met during
construction.

There would be no significant radiological impacts associated with the
installation of a pipeline from the D-Area powerhouse condensers to the
Savannah River, because no discharges of radioactivity would occur.

4.3.2.2 Operational Impacts

Socioeconomic
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Historic and Archaeological Resources

The operation of the direct discharge of cooling water to the Savannah River
would not cause any impacts to historic and archaeological resources.

Water Quality and Hydrology

Before SRP operations began in 1952, Beaver Dam Creek is believed to have been
an intermittent stream (Jacobsen et al., 1972). The removal of the present
condenser cooling water discharge could result in the creek’s reverting to its
former status, although some of the existing discharges from D-Area would
still enter the waterway (e.g., rework area process sewer, miscellaneous
powerhouse wastewater, sanitary plant effluent, and ash basin effluent). The
total flow from these sources would be about (1.18 cubic meter per second.
Overflow from the raw–water basin would be about 0.3 cubic meter per second,
but could vary from about O.1 to 0.8 cubic meter per second. These effluents
would continue to meet the State of South Carolina Class B water
classification standards; no adverse impact on the creek is expected.

With this alternative heated discharge water would no longer be released to
Beaver Dam Creek; therefore, the principal change in existing water quality in
the stream would be the reduction in water temperature to ambient levels.
Temperatures in some portions of the swamp also would be reduced; however,
because much of the flow from Four Mile Creek joins the swamp near the mouth
of Beaver Dam Creek, some heat would ent”erthis area until the implementation
of a cooling water system for C-Reactor. Additional heat would be released
directly to the Savannah River at the discharge points along the effluent
pipeline sparging system. The temperature of the discharge is expected to be
about 8°C above the ambient temperature of tbe river at the points of
effluent release (see Table 2-8). Outside a small mixing zone, temperatures
would meet State water quality criteria and, therefore, there would be no
adverse impact on the river.

Nutrient concentrations in Beaver Dam Creek would be somewhat reduced from
present levels with this alternative. The concentrations of most nutrients
are now higher than those in other unimpacted streams on the SRP site because
of the Savannah River water that is circulated through the cooling water
system of the powerhouse. Removal of the effluent discharge from the creek,
therefore, would lower the nutrient concentrations in Beaver Dam Creek.

The flow in Beaver Dam Creek would be reduced from the present annual average
discharge of about 2.6 cubic meters per second to about 0.5 cubic meter per
second during normal operations, not including any intermittent flow after
rainfall. Water levels and flow in the swamp at the mouth of Beaver Dam Creek
would also be reduced, but not as much as in the stream itself because flow
from Four Mile Creek would still enter the swamp near the mouth of Beaver Dam
Creek. Nonetheless, the diversion of a flow of 2.1 cubic meters per second
would result in a lowering of the water levels in this region of the Savannah
River swamp. Th~s impact would be evident most of the year, except during the
spring or at other times when river flooding inundates much of the swamp
adjacent to the Savannah River Plant.
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Air Quality and Noise

No significant environmental impacts in air quality or noise levels are
expected during opsration of the direct discharge cooling system.

This alternative would cause no increase in atmospheric emissions of
pollutants; steam generation rates would
quality standards would be met.

Ecology

Discharge of thermal effluent directly to

remain the same; all applicable air

the river could result in a limited
thermal-attraction of fish to the in!mediatearea of the diffuser. The most
significant impact of this alternative on the ecology of Beaver Dam Creek
would be a significant reduction in fLow. The upper reaches of the stream
would continue to be an intermittent stream. Portions of the creek downstream
from the existing discharge canal that are bordered by swamp would consist of
interspersed shallow pools and/or slow-moving water. Accordingly, the aquatic
habitat available for colonization by fish and macroinvertebrates would be
less than at present and would approximate pre-SRP conditions. During winter
and spring flooding, portions of the Beaver Dam Creek area would be inundated
with Savannah River water and would serve as a spawning and nursery area for
resident species of fish (e.g., sunfish, minnows, and darters), as well as
migratory species (e.g., blueback herring). However, less spawning and
nursery habitat would he available than at present.

Many areas of Beaver Dam Creek that are currently inundated by discharges from
D-Area would undergo successional vegetation redevelopment into a more mesic
scrub-shrub conununity. From 1952 through 1974, 412 acres of wetlands were
affected in the Beaver Dam Creek floodplain and swamp due to thermal
discharges and flooding (Du Pent, 1985b, 1987). The temperature of the
effluent began to decrease in 1973 and continued to decline until 1978; a
concurrent net reversal of delta canopy loss occurred. During this period,
about 5 acres of canopy i“ the Beaver Dam Creek area were restored, and by
198L a total of about 30 acres had regrown. Currently, the affected Savannah
River swamp canopy of Beaver Dam Creek totals about 382 acres and is
recovering at a rate of about 3 acres per year (Du Pent, 1985b, 1987).
Implementation of this alternative wO~ld allow revegetation to continue,
leading to conditions that more or less prevailed prior to 1952.

Entrainment and Impingement

This alternative would not require changes to the intake structures or the
receiving water flow rates. Accordingly, the entrainment and impingement
rateS associated with direct discharge would be similar to those resulting
from present operations.

Projections of current entrainment and impingement losses, based on
ichthyoplankton studies conducted annually at the site from 1983 to 1985 (DOE,
1987a; Appendix C), indicate that operation of D-Area presently results in the
estimated loss of an average 1.2 x 106 fish larvae (range: 0.7 x 106 to
1.8 x 106 larvae) and 0.8 x 106 fish eggs (range: 0.5 x 106
10’

to 1.1 x
eggs) each year. The principal taxonomic groups affected are the

clupeids, c~tr.archids, and cyprinids.
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An estimated average of 1718 fish per year (range: 213 to 4679 fish per year)
would continue to be impinged on the intake screens of the 5G pumphouse. The
principal species impinged would be the centrarchids and clupeids. The
overall impact on the fishery resources would continue to be minimal.

Threatened and Endangered Species

The operation of the direct-discharge system would have a significant impact
on the habitats of the herican alligator and the wood stork by decreasing the
flow in Beaver Dam Creek from about 2.6 cubic meters per second under present
operating conditions to about O.2 cubic meter per second. Implementing this
alternative would decrease or eliminate nesting habitat for the American
alligator and would eliminate any thermal refugia that might have existed
during winter months. Foraging habitat for the wood stork would be decreased
significantly or eliminated. Beaver Dam Creek essentially would return to its
original condition as an intermittent stream.

Flood conditions would result only from storm runoff after rains and Savannah
River flooding. Based on pump test data (Section 4.3.1.2), it is reasonable
to assume that any flooding that occurred in Beaver Dam Creek from surface
runoff would be of short duration and that the water level in Beaver Dam Creek
swamp would return to its original level within approximately 24 hours after
rainfall had stopped.

Because the thermal effluent would be discharged directly to the Savannah
River, there would be a small thermal plume at the outfall structure; however,
there would continue to be a large zone of passage for all fishes, including
the endangered shortnose sturgeon. There would be no significant impacts on
the shortnose sturgeon due to entrainment and impingement.

Radiological Releases

Because the cooling water discharge from the D-Area powerhouse does not
contain radionuclides, there would be no direct radiological releases from
D-Area to the Savannah River. The annual release of tritium from the D-Area
Moderator Rework Facility to Beaver Dam Creek, and eventually to the Savannah
River, would remain unchanged. The release is a function of the operation of
the rework facility and does not depend on the operation of the powerhouse or
its mode of discharge. The only effect of the reduced flow in Beaver Dam
Creek on tritium releases - resulting from direct discharge from the
powerhouse to the Savannah River - would be an increase in its concentration
in the creek.

Remobilization of radionuclides such as cesiurn-137from the Beaver Dam Creek
bed would be insignificant, because radionuclides with the potential for
remobilization are present only in very minute quantities (Boyns and Smith,
1982; Du Pent, 1981a, 1981b; Du Pent, L985c; Lower, 1984b; Lower and Hayes,
1984).

4.3.3 NO ACTION - EXISTING SYSTEM

BD-5

BB-3

The no action alternative for the D-Area coal.-fired powerhouse would maintain
the existing once–through cooling water system that withdraws water from the
Savannah River and discharges it to Beaver Dam Creek. Chapter 3 and
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Appendix C describe the existing environmental baseline conditions associated
with this system. This section summarizes the minor impacts that would not
change for the no-action alternative.

4.3.3.1 Water Quality and Hydrology

The mean discharge to Beaver Dam Creek from the D-Area powerhouse would
continue to be about 2.6 cubic meters per second (range: 1.2 to 4.5 cubic
meters per second) (tIU E’ont, 1985b, 1987). The water from the creek would mix
with part of the flow from Four Mile Creek in the Savannah River swamp before
it discharges to the river through the mouth of Beaver Dam Creek (Du Pent,
1985b, 1987).

Water temperatures in the creek and delta could reach 34°C under extreme
summer conditions when ambient river temperatures are about 21°C (see
Appendix B, Table B-3). Under average summer conditions, creek and delta
temperatures would be approximately 29”C. Comparable winter temperatures
would be about 15° to 16°C (Lower, 1984a). The continuation of the
existing cooling water discharge in D-Area would meet the Class B water
classification standards for temperature most of the time, but would exceed
the limit during warm-weather periods and concurrent high powerhouse loadings.

4.3.3.2 Ecology and Wetlands

The aquatic and terrestrial ecology of the Beaver Dam Creek area would
continue to be influenced by the heated water discharged from the coal-fired
steam plant. Aquatic flora in the creek would be sparse due to the elevated
temperatures and flow of the effluent. Thermophilic bacteria and blue-green
algae would continue to be the most abundant flora in the main channel
(Gibbons and Sharitz, 1974). Riparian vegetation would be dominated by wax
myrtle and tag alder. Portions of the Beaver Dam Creek delta would continue
to show evidence of revegetation because of the decline of water temperatures,
which began in the 1970s (DOE, 1984). More species of macroinvertebrates
would occur in Beaver Dam Creek than in the other thermally impacted streams.

In general, fish density would be higher in Beaver Dam Creek than in either
Four Mile Creek or Pen Branch, but lower than in the nonthermal streams
(Du Pent, 1985b, 1987). The fish species present in the creek in greatest
numbers as adults would be mosquitofish, sunfish, and gizzard shad (Bennett
and McFarlane, 1983). Relative abundance and species composition would
increase toward the creek mouth and swamp, where greater habitat diversity
occurs and temperatures are somewhat moderated (Du Pent, 1985b, 1987).
Ichthyoplankto” in the creek would reflect the adult fish composition.

4.3.3.3 Entrainment and Impingement

With the no-action alternative, entrainment at the 5G intake would result in
the continued 10.ss of an average 1.2 x 106 fish larvae (range: 0.7 X 10’
to 1.8 X 106 larvae) and 0.8 x 106 fish eggs (range: 0.5 x 106 to 1.1 x
106 eggs) each year (DOE, 1987a). The principal taxonomic groups that would
be affected are the clupeids, ce”trarchids, and cyprinids.
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Impingement of fish on the intake screens of the
to average 1718 per year (range: 213 to 4679 fish
principal species impinged would be expected to be

L.3.3.Ik Threatened and Endangered Species

5G pwphouse would continue
per year; DOE, 1987a). The
sunfish and shad.

The area in and around Beaver D~m Creek would continue to provide habitat for
a dense population of American alligators. Backwater areas would continue to
provide breeding and nesting habitat and probably support a self-sustaining
alIigator population based on the presence of juvenile and adult individuals
in the creek area (Du Pent, 1985b).

Endangered wood storks from the Birdsville rookery, which have been observed
foraging in the Beaver Dam Creek area since 1982 (Du Pent, 1985b, 1987),
should continue to use the area.

4.4 CWLATIVE IMPACTS OF ALTERNATIVE COOLING WATER SYSTEM CONSTRUCTION AND
OPERATION

This section describes the cumulative impacts of the construction and
operation of the cooling water alternatives for K- and C-Reactors and the
D-Area coal-fired powerhouse on surface–water usage, thermal discharges,
ecological systems, radiological releases, and air quality. These impacts
have been evaluated in conjunction with the releases from other SRP facilities
and from major facilities near the Savannah River Plant.

4.4.1 SURFACE-WATER USAGE

The Savannah River Plant withdrawa a maximum of 37 cubic meters of water per
second from the Savannah River, primarily for use as cooling water. Plant
operations coname approximately 2.4 cubic meters per second of this water;
the remainder returns to the river via onsite streams.

The existing withdrawal and return rates would remain essentially the same for
the once-through cooling-tower alternative. The water consumed by evaporation
in each tower would be approximately 0.8 cubic meter per second. The total
water withdrawal from the river for the Plant, including once-through cooling
towers at both K- and C-Reactors, would be 24 percent of the 7–day, 10-year
low flow (7Q1O; 159 cubic meters per second) and 13 percent of the average
flow (295 cubic meters per second). Only about 3.4 cubic meters per second of
the 159–cubic-meter-per–secondlow flow would be consumed.

The existing withdrawal and return rates would be reduced substantially for
the recirculating cooling-tower alternatives. The withdrawal rate of 1.6
cubic meters per second for each reactor would represent a decrease of
approximately 9.7 cubic meters per second per reactor from the rate for the
existing system. The total SRP withdrawal from the river, including
recirculating cooling towers at both K- and C-Reactors, would be about 12
percent of the 7-day, 10-year low flow (7Q1O) and about 7 percent of the
average flow. As with the once–through tower, the water consumed in the
recirculating towers would be about O.5 cubic meter per second more than that
consumed by the existing SYStern.
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For both the direct-discharge and increased-pumping alternatives for D-Area,
the withdrawal of river water would be unchanged during normal climatological
conditions. During very hot periods, however, the amount Of water withdra~
from the river for the increased-pumping alternative would be increased tO
meet the Class B water classification standard of a minimum instream temper–
ature of 32.2°C; the withdrawal rate for this alternative would increase
from 2.6 (existing sYstem) to 4.0 cubic meters per second, resulting in a
slightly higher total withdrawal than that discussed above for the once-
through and recirculating cooling-tower alternatives. This additional water
would return to the river via Beaver Dam Creek, thereby causing no effects tO
total SRP consumptive surface-water losses.

4.4.2 THERMAL DISCHARGE EFFECTS

4.4.~.1 on~ite streams and Savannah River Swamp

cooling water is now directly discharged frOm the SRp via fOur streams –
Beaver Dam Creek, Four Mile Creek, Pen Branch, and Steel Creek. In addition,
overflow from Par Pond enters Lower Three Runs Creek. Beaver Dam Creek
receives once-through cooling water from the D-Area powerhouse, and Four Mile
Creek and Pen Branch receive once-through cooling water from K- and
C-Reactors, respectively. Steel Creek receives cooling water frOm L-ReactOr
via a once-through cooling lake and - in its lower reaches - from K–Reactor
via Pen Branch and the intervening swamp. The principal cumulative impact of
the implementation of alternative cooling water systems at K- and C–Reactors
and the D-Area powerhouse would be a reduction in the total amount of waste
heat dissipated to al1 onsite streams and the Savannah River swamp. A
cumulative impact that would result from this reduction in thermal discharge
would be the revegetation of surrounding areas through natural plant
succession and, thus, an increase in total wetland habitat. In addition, a
reduction in thermal discharge would allow previously affected thermal streams
to be recolonized by fish and macroinvertebrates and would provide additional
spawning habitat for fish. A zone of passage for anadromous fish and other
aquatic organisms in SRP thermal streams and the Savannah River swamp would be
provided, thereby creating more available habitat for these organisms in
completing their life cycles.

Implementation of the once-through cooling-tower alternative would result in
thermal plumes from C–Reactor and the D-Area powerhouse interacting within the
Savannah River swamp. However, thermal performance studies have indicated
that this interaction would reduce thermal effects in this area of the swamp.
In addition, the thermal discharge from K- and L-Reactors would interact via
Pen Branch and Steel Creek in the Savannah River swamp with the implementation
of the once-through cooling-tower alternative. Thermal performance studies
indicate that temperatures in Pen Branch would be about 2°C cooler than
those in Steel Creek at their confluence during winter, when thermal pltIMeS
could be most evident.

4.4.2.2 Savannah River

In the vicinity of the Savannah River Plant, the Savannah River receives
thermal discharges from the Urquhart Steam Station at Beech Island, South
Carolina, as well as from the Plant. In addition, the Alvin W. Vogtle Nuclear
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Power Plant, near Hancock Landing, Georgia, across the river from the Plant,
uses natural-draft cooling towers to dissipate waste heat before discharging ~C
to the river at temperatures below 33”c (NRC, 1985).

As the result of water storage in Clarks Hill Reservoir above Augusta,
Georgia, and its hypolimnetic discharge, the temperature of the Savannah River
is as much as 8°c below the temperature that would normally occur during the
summer if the reservoir did not exist (Neill and Babcock, 1971). The temper-
ature of the river generally increases naturally as the water flows from
Clarks Hill Reservoir past the SRp. The South Carolina Electric and Gas
Company’s Urq”hart Steam Station, located above the Savannah River Plant,

discharges about 7.4 cubic meters per second of cooling water at temperatures
as high as 6°C above ambient river temperatures. The Vogtle Nuclear Power
Plant would discharge about O.7 cubic meter per second of cooling water to the
Savannah River with a winter thermal pluMe 2 meters wide extending 9.8 meters
downstream from the single-port discharge pipe (NRC, 1985). This winter
thermal plume would not extend beyond its permitted mixing ZOne or interact
with SRP or Urquhart discharges.

The cumulative impact upon the Savannah River with the implementation of
alternative cooling water systems at K- and C-Reactors and the D-Area
powerhouse would be a reduction in the total amount of waste heat discharged
to the Savannah River via onsite streams. These discharges would not interact
with Urquhart or Vogtle generating stations. Removal of SRP thermal dis-
charges would result in an increased zone of passage in the Savannah River for
anadromous fish and other aquatic organisms and wO~ld ~IloW for more available
habitat for aquatic organisms in the river.

Implementation of the direct discharge alternative tO the Savannah River for
D-Area and implementation of once–through cooling towers for K– aridC–Reactors
would result in winter and spring plumes entering the Savannah River, raising
the temperature in the immediate area of the confluence of the streams with
the river more than 2.8°C above ambient. Even tbough there would be a
thermal plume present during the winter and spring at the immediate Con-
fluences of the mouths of Beaver Dam, Four Mile, and Steel Creeks, and the
Savannah River, it would not create a thermal blockage of the river. Also, a
zone of passage would continue to be available for anadromous fish and other
aquatic organisms.

4.4.3 ECOLOGY

4.4.3.1 Terrestrial Areas

The cumulative impact of the preferred alternative cooling systems for K– and
C–Reactors and D-Area would disturb no more than about 60 acres of uplands,
consisting of inunatureslash pine and reforested upland pinelhardwood, some
open fields, and a relatively small area of bottomland hardwoods.

I

B-3
c-9

In addition, the cumulative impacts from salt deposition from the operation of
recirculating cooling towers at both K– and C-Reactors would result in an I
estimated 22.7 kilograms per acre per year at a distance of 0.5 kilometer from
each tower. These rates represent the highest values associated with any of
the various combinations of alternatives and are much less than those that can
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cause reduced productivity Of plants (Mulchi and Armbruster. 1981; INTERA,

TE I 1980). Beyond 2 kilometers (see Figure 4-4), the deposition rates decline
even more with distance from the towers. Therefore, no significant cumulative
impacts are expected With this combination of alternatives.

4.k.3.2 Onsite Streams and Savannah River Swamp

The cumulative effects of the construction of any combination of the cooling
water alternatives on the aquatic environment would be minimal because the
reaches of Pen Branch and Four Mile Creek in the vicinity of the proposed
activities are presently sparsely inhabited by aquatic organisms due to
existing thermal stress. No construction is required for the increased-flow-
with-mixing alternative for D-Area, and the direct–discharge system would have
minimal impact due to its proposed location along previously disturbed areas
and construction practices which would minimize turbidity and siltation.

The principal cumulative impact of the operation of cooling towers for K- and
C-Reactors and either increased flow or direct discharge at D-Area would be
the reduction of water temperatures in onsite streams and the adjacent swamp
to ambient or near-ambient levels. Among the most important effects of
removing the existing thermal stress from these environments would be the
discontinuation of the loss of wetlands along the waterways (e.g., the
combined loss in 1984 due to K- and C-Reactor operations was about 54 acres).
It is expected that some wetland areas previously damaged or destroyed would
revegetate successively due to the lowered water temperatures. However,
increased flow and intermittent flooding (with the once-through towers and the
increased-flow-with-mixing alternatives) would still limit wetland revege-
tation in some locations. The continued existence of open canopy areas would
benefit some species (e.g., waterfowl and wood stork). There would also be a
beneficial effect of the lower water temperatures on aquatic biota. Foraging
and spawning habitats and zones of passage in the streams and swamp that were
previously inaccessible to fish due to the heated discharge would now be open
to these organisms. Populations in headwater areas above the reactor dis-
charge points would no longer be isolated from the main streams, the swamp,
and the Savannah River. Also, the potential for cold shock in the thermal
portions of the streams and swamp would be reduced. The cumulative effect of
this would be to increase the area of aquatic habitat in SRP streams and the
adjacent swamp and thereby increase the populations of fishes and other
aquatic organisms in comparison to existing conditions. Productivity of the
Savannah River might increase in this area of the river due to increased
contributions of progeny from the onsite streams and swamp.

The cum!llativeeffect of the installation of recirculating cooling towers at
K- and C-Reactors and of direct discharge of D-Area effluent to the Savannah
River would have somewhat less positive impacts. This combination of alter-
natives would greatly decrease thermal stress in the onsite streams and
portions of the adjacent SWamp; howe”er, they would also cause significant
decreases in flow in these waterways. Therefore, although these alternatives
would provide some increa~e~ in available aquatic habitat compared to present
conditions, the beneficial effects would be less than those experienced with
the once-through towers and increased-flow–with-mixing options due to lowered
water levels in the streams and some portions of the swamp. These lowered
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water levels could be more CO~d~CiVe to wOOd stork foraging habitat in Four

Mile Creek and Pen Branch, but would totally eliminate the foraging habitat in
Beaver Dam Creek.

4.f4.3.3 Savannah River

The cumulative effect on the Savannah River of the implementation of cooling
towers would be a reduction in the total amount of waste heat discharged from
the onsite streams. This would increase the size o’fthe zones of passage in
the river adjacent to the Savannah River Plant and thereby would allow greater
flexibility in movement of anadromous fish and other aquatic org~nisms through
that section of the river.

The direct-dischargealternative for D-Area, combined with once-through towers
for the two reactors, would result in thermal plumes entering the river in
winter and spring near the confluences with Beaver Dam Creek, Four Mile Creek,
and Steel Creek,. The maximum temperature above ambient, which would be about
2.8°c within these plumes, would not create a significant thermal barrier in
the river OK cause any other adverse impact an
organisms.

4.4.3.4 Entrainment and Impingement

The cumulative entrainment and impingement impacts of

fishes or other aquatic

some combinations of the
cooling water alternatives would remain the same as those for present
conditions; for other combinations, there would be either a reduction or an
increase in these effects,

The implementation of a once-through cooling-tower SYStern for K- and
C-Reactors and direct discharge for D–Area would not change existing levels of
entrainment and impingement significantly. At present, the combined total
loss of ichthyoplankton due to the operation of these three facilities
averages 18.8 x 106 fish larvae and 10.1 x 10’ fish eggs annually, or an
average of 11.8 percent of the ichthyoplankton passing the SRP intakes, based
on 1983-1985 studies (see Table C–24; DOE, 1987). Cumulative impingement
currently averages 7603 fish per year (DoE, 1987). In addition, the species
composition of the fishes lost to entrainment and impingement would not change
with this combination of alternatives. Assuming that K- and C-Reactors would
operate at levels comparable to that for L-Reactor, additional average
entrainment losses of 8.8 x 106 fish larvae and 4.6 x 106 fish eggs (or an
average of 5.4 percent of the ichthyoplankton passing the SRP intakes; see
Table c-24) and additional average impingement losses of 2942 fish would occur
annually as a result of the operation of these facilities. Accordingly,
cumulative annual losses from entrainment and impingement due to the operation
of these four facilities would average 27.6 x 106 fish larvae and 14.8 x
10’ fish eggs (or an average of 17.2 percent of the ichthyoplankton passing
the SRP intakes; see Table C-24) and 10,545 fish, respectively.

The implementation of a recirculating cooling-tower system in combination with
direct discharge at D-Area would lower the cumulative effects of both
entrainment and impingement. The reduced flow requirements for the cooling
water systems of the two reactors would result in a decline in annual
entrainment losses from current combined levels to about 3.8 x 10’ fish
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larvae and about 2.1 x 106 fish eggs Per Year. Cumulative impingement
losses would decrease tO abOut 2571 fish per Year. Species composition of

fish lost to entrainment and impingement would not change with this

combination of alternatives. Cumulative annual losses from entrainment and
impingement due to the OperatiOn Of these facilities PIUS L–ReactOr wOuld
average 12.6 x 106 fish larvae and 6.7 x 10’ fish eggs and 3369 fish,
respectively.

The implementation Of a once-through cooling-tower system for K- and
C-Reactors in combination with the increased-pumping alternative for the
D-Area powerhouse would increase entrainment and impingement in proportion to
the increase in cooling water withdrawn for the powerhouse. G’aulative
entrainment losses would increase to about 18.84 x 11J6fish larvae and 10.12
x 106 fish eggs per year, while cumulative impingement losses would increase
to about 7665 fish per year. Cumulative annual losses from entrainment and
impingement due to the OperatiOn Of these facilities plus L–Reactor would
average 27.64 x 106 fish larvae and 14.77 x 10’ fish eggs and 10,608 fish,
respectively.

The implementation of a recirculating cooling-tower system in combination with
increaaed pumping at D-Area wOuld result in a net reductiOn ‘n cOO1ing ‘ate=
withdrawal and a proportional decrease in entrainment and impingement levels.
Cumulative entrainment losses would decrease to approximately 3.84 x 106
fish larvae and 2.12 x 106 fish eggs per Year, while impingement ‘Ould
decrease to about 2683 fish per year. Cumulative annual losses from entrain-
ment and impingement due to the operation of these facilities plus L-Reactor
would average 12.64 x 106 fish larvae and 6.77 x 106 fish eggs and 5626
Fish, respectively.

k.4.3.5 Threatened and Endangered Species

rhe endangered red-cockaded woodpecker, bald eagle, and shOrtnOse sturgeOn
would not be affected by any of the alternatives individually and would not be
affected by their combined construction and operation.

At present, the American alligator does not inhabit Pen Branch or Four Mile
Creek because of the high water temperatures associated with reactor
operations. The implementation of once-through cooling tOwers wOuld enable
the alligator and other organisms to inhabit these thermal areas. However,
fluctuating water levels and flow rates could destroy alligator eggs, nests,
and hibernation sites. The recirculating cooling-tower alternatives would
enable the alligator to inhabit these areas; however, because of the marked
decrease in flows, the inundation of eggs, nests, and hibernation sites would
be improbable. The implementation of the increased-flow-with–mixing alter-
native at D-Area would not appreciably change the value of the existing
alligator habitat in Beaver Dam Creek. Therefore, the cumulative impact of
any combination of these alternatives would be a general increase in the
available habitat for the alligator in these areas.

The implementation of the direct-discharge alternative for D-Area in
combination with either cooling-tower alternative would have a deleterious
cumulative impact on the alligator. The direct-discharge alternative for
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D-Area would reduce the existing alligator habitat in Beaver Dam Creek by
removing the beneficial therma1 environment that now exists and by
significantly lowering water levels and flows in the stream.

The implementation of once-through cooling towers would improve existing
habitat for the endangered wood stork, but the availability of foraging
habitat would be restricted due to water depths and flow rates. Recirculating
cooling towers would cause significantly reduced discharge rates and should
enhance the availability of wood stork foraging habitat. The increased-flow-
with-mixing alternative for D–Area would decrease the availability of wood
stork foraging habitat during periods of increased flow.

There would be a c~ulative loss of foraging habitat for the wood stork with
any combination of alternative cooling water systems that included direct
discharge from the D-Area powerhouse. This alternative would reduce the water
levels in Beaver Dam Creek and thereby reduce or eliminate the value of this
area for foraging by the wood stork.

&.4.4 RADIOLOGICAL RELEASES

Nuclear facilities within a“ 80-kilometer radius of the SRP include operating
or planned SRP facilities, the two-unit Alvin W. Vogtle Electric Generating
Plant (one unit operating, the other still under construction), the Barnwell
Nuclear Fuel Plant (not expected to operate), and the Chem-Nuclear Services,
Inc., low-level radioactive disposal site. The existing and planned opera-
tions of these facilities were reviewed to determine the potential cumulative
radiological effects of all the facilities operating together with the
alternative cooling water systems being considered for K- and C-Reactors.

SRP facilities operating include four production reactors, two
chemical-separations areas, a fuel-fabrication facility, waste management
facilities, and other support facilities. Future projects include
construction and operation of a Fuel Materials FaciIity (FMF) for producing
fuel forms for the naval reactor program, the Fuel Production Facility (FPF)
for recycling enriched uranium used as reactor fuel, and the Defense Waste
Processing Facility (DWPF) for immobilizing high-level radioactive wastes
stored in tanks at the Savannah River Plant. The FMF, the FPF, and the DWPF
are not expected to become operational until the late 1980s.

The Alvin W. Vogtle Nuclear Power Plant is being constructed by the Georgia
Power Company near the southwestern border of the Savannah River Plant across
the Savannah River. The first unit of this two-unit power plant became
operational in June 1987. The second unit for the Vogtle Power Plant is not
expected to reach full operation until the early 1990s.

The Barnwell Nuclear Fuel Plant is located adjacent to, and east of, the
Savannah River Plant. The owners of this facility, Allied-General Nuclear
Services, have announced that they do not plan to operate this plant. The
normal operation of the Chem–Nuclear Services, Inc. low-level radioactive
disposal site does not entail discharges of low–level radioactive material to
surface waters or to the atmosphere.

BB-3
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The cumulative offsite radiation dose, therefore, is the sum of the doses
above natural background from SRP operation with four reactors and their
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support facilities, the planned FMF, FPF, and DWpF, and the Vogtle Nuclear
Power Plant. The doses associated with two of the SRP reactors, K and C,
depend on the alternative cooling water system implemented.

The tables in this sectiOn list effective whOle–bOdy dOses fOr the Offsite*
maximally exposed individual and collective effective whole-body doses for the
offsite population. The text compares these doses with applicable limits and
with natural background radiation. Appendix G contains detailed individual
and collective doses for all age groups and important organs due to releases
from nuclear facilities on, and within 80 kilometers of, the Savannah River
Plant. Essentially all the collective dose results from operation of SRp
facilities. These facilities also contribute approximately half the effective
whole-body dose to the maximally exposed individual.

Table 4-24 presents the cumulative doses assuming present cooling water
systems for K- and C-Reactors (existing operation). The doses shown are for
the year 2000, when it is expected that all described facilities will be in
operation and when radioactive releases from L–Reactor will have reached an
equilibrium.

Table 4-24. Cumulative Effective Whole-Body Doses with
Present Cooling Water Systems (Existing
Conditions) for K- and C-Reactors

Maximum individual Collective
(mrem/yr) (person-remfyr)

Adult 3.25
Teen 2.64 80.7
Child 1.94
Infant 0.94

Table 4-25 presents the cumulative doses assuming a once-through cooling tower
for each of K- and C-Reactors - the preferred cooling alternative. These
doses represent the sum of existing operation doses and changes in doses
associated with operation of once-through cooling towers for K- and C-Reactors.

Table 4-26 presents the cumulative doses assuming recirculating cooling towers
for K- and C-Reactors. The use of recirculating cooling towers results in the
largest change in doses associated with operation of K- and C–Reactors.

The sununarydose tables show that existing operations result in the highest
cumulative doses, whereas recirculating cooling towers result in the lowest
cumulative doses. The decrease in doses associated with the recirculating
cooling towers is greater than that for once-through cooling towers. While
other combinations of cooling systems can be chosen, for example, a
once-through cooling tower for the C–Reactor combined with recirculating
cooling towers for the K-Reactor, the doses presented represent bounding
values.
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Table 4-25. Cumulative Effective Whole-Body Doses with
a Once-Through Cooling Tower for K– and
C-Reactors

Maximum individual Collective
(mrem/yr) (persOn-rem/yr)

Adult 3.25
Teen 2.64 80.6
Child 1.94
Infant 0.94

Table 4-26. Cumulative Effective Whole-Body Doses
with Recirculating Cooling Towers for
K- and C-Reactors

Maximum individual Collective
(mremlyr) (persOn-rem/yr)

Adult 3.06
Teen 2.49 79.6
Child 1.88
Infant 0.94

The maximum cumulative individual doses are well below the average total-body
dose of 93 millirem per year from natural radiation received by an individual
living near the SRP site. The doses are also lower than the DOE limits of 100
millirem per year f~om all pathways and 25 millirem per year to the total body
from the air pathway. The collective doses are also much lower than the
109,000 person–rem per year received from natural radiation by the population
living within 80 kilometers of the Savannah River Plant and the Beaufort-
Jasper and Port Wentworth drinking-water populations.

Table 4-27 lists the health effects associated with the cumulative-dose
impacts for each of the alternative cooling water methods discussed above.

4.4.5 AIR QUALITY

The cumulative impacts of K- and C–Reactor on air quality are evaluated and
presented below. Two combinations of cooling-tower systems were considered to
predict potential maximum impacts. These combinations are as follows:

1. Once-through towers at both K- and C–Reactors

!C-22

2. Recirculating towers at both K– and C-Reactors
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Table 4-27. Cumulative Health Effects

Cancer fatalities Genetic disorders
Alternative per year per year

Existing operations 0.0110 0.0198

Operations with a once–through 0.0110 0.0198
cooling tower for each of the
C- and K-Reactors

Operations with recirculating 0.0109 0.0195
cooling towers for each of
the C- and K-Reactors

The second combination, consisting of recirculating towers at both K- and
C-Reactors, produced higher impacts and maximum impacted areas; therefOre,
this combination is described further in the following paragraphs.

The combined calculated maximum annual-mean frequency of reduced ground-level
visibility to less than 1000 meters, due to the operation of recirculating

BC-22
cooling towers at both the K- and C-Reactors would be approximately 4 hours
per year at 8 kilometers northwest Of the C-ReactOr tOwers. The calculated
annual-mean frequencies of reduced ground-level visibility to less than 1000
meters would be less than 3 hours per year within 2 kilometers of each tower.

Because the K- and C-Reactors are about 4.8 kilometers apart, the maximum ice
accumulations within 0.4 kilometer of the towers and their frequencies wOuld
be the same as those presented in the individual analyses. Figure 4-3 shows
the isopleths of frequency of occurrence of elevated visible plumes for

BC-22
recirculating cooling towers at both K- and C-Reactors. The calculated mean
maximum occurrence of visible plumes would be 100 hours per year at 0.6
kilometer from the K- and C-Reactor cooling towers. The frequency of visible
plumes would be approximately 50 hours per year within 2 kilometers Of each
tower system in all directions.

Figure 4-4 shows the isopleths of annual solids deposition due to the
operation of recirculating cooling towers at both K- and C-Reactors. The

BC-22 estimated maximum annual total-solids deposition would be 22.7 kilograms per
acre per year at a distance of 0.5 kilometer from each tower.

4.5 UNAVOIDABLE/IRREVERSIBLE IMPACTS OF ALTERNATIVES

4-80

The following sections describe impacts of the alternative cooling water
systems that cannot be avoided by reasonable mitigation measures. They also
describe irreversible and irretrievable conunitmentsof resources and shOrt-
term uses and long-term environmental implications for the alternative cOOling
water systems.
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Figure 4-3. K- and C-Reactor Recirculating Towers, Frequency of occurrence of Elevated
Visible Plumes, Hours/Year I
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Figure 4-4. K- and C-Reactor Recirculating Towers, Total Solids Deposition,

Kilograms/Acre-Year
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4.5.1 UNAVOIDABLE ADVERSE IMPACTS

For the once-through cooling towers fOr K- and C-Reactors, annual entrainment
(26.8 X 10’ eggs and larvae) and impingement (5884 fish) losses would be
similar to those resulting from current operations. With the implementation
of once-through cooling towers, the streams would still be subjected to
variable flows, thereby limiting reestablishment of upstream wetland
conununitiesalong both creeks.

The implementation of the gravity-feed, once-through, cooling–tower alter–
native would result in disturbance of approximately 25 and 35 acres of uplands
for K– and C-Reactors, respectively, as a result of construction and the
relocation of facilities.

With the implementation of the recirculating cooling-tower alternatives for
K- and C-Reactors, cooling water discharge flows would be reduced from 11.3 to BC-10
1.1 cubic meters per second, resulting in reduced habitat area for spawning BC-19
and foraging. Construction and relocation of facilities would disturb BD-3
approximately 50 and 60 acres of uplands for K- and C-Reactors, respectively.

The increased-flow alternative for the D-Area powerhouse would increase flOw ~c
to 4.O cubic meters per second during extreme summer conditions. The expected
increase in impingement (additional loss of 113 fish per year) and entrainment
(about 6.0 x 104 eggs and larvae) due to increased flow through the 5G
pumphouse would be small, and the overall impact would be minimal because
entrainment and impingement rates are low during the summer. Temporary
increased flow during the summer would increase aquatic habitat. However,
wildlife habitat would be reduced and associated wildlife would be displaced
temporarily during these intermittent periods of increased pumping.
Approximately 4 acres each of uplands and wetlands would be inundated
temporarilybecause of intermittent flooding from increased flow.

The increase in pumping would also result in a temporary increase in the
erosion of the stream channel; as a result, increased siltation could occur.
Increased pumping could be required during the peak spawning period (May-June)
of fish in Beaver Dam Creek. The expected erosion and the resulting siltation
would equilibrate rapidly under an increased-flow regime.

The implementation of the direct-discharge alternative for the D–Area
powerhouse would significantly alter the existing aquatic corrununityof Beaver
Dam Creek because of the reduced stream flow downstream from the discharge
canal. Portions of the creek that currently are bordered by swamp would
consist of shallow pools or slow-moving water. The reduced flows would also
adversely affect the habitat of the currently abundant and reproducing
American alligator population. In addition, the Beaver Dam Creek area is
sometimes utilized by the wood stork for foraging habitat. Discharge of
thermal effluent into the river rather than into the creek would reduce the
area of suitable foraging habitat and couLd impact this species in this area.
Approximately 5 acres of uplands and 1 acre of wetlands would be impacted by
the construction of the discharge pipeline.
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4.5.2 IRREVERSIBLE AND IRRETRIEVABLECO~ITMENTS OF RESOURCES

Resources that would be irreversibly and irretrievably comitted during
operation of the cooling water alternatives include (1) materials that cannot
be recovered or recycled and (2) materials consumed or reduced to unrecover-
able forms. Increased cooling water withdrawal from the Savannah River for
the D-Area increased-flow alternative would require additional energy
consumption. Irretrievable energy use for pun)phouseoperations would increase
by about 6 percent of the level of current operations. There would not be any
additional energy requirements under the direct-discharge alternative.

4.5.3 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY

The short–term effects of the cooling water alternatives would include the
loss of upland sites for their natural productivity. Approximately 25 and 35
acres of upland areas would be required for construction and relocation
activities for the once-through towers and 50 and 60 acres for the recircu-
lating towers, respectively, for K- and C-Reactors. The short-term effects of
the D-Area increased-flow and direct-discharge alternatives would include the
unavailability of upland and wetland areas for natural productivityy.
Approximately 4 acres each of uplands and wetlands would be affected by the
increased-flow alternative. For the direct-discharge alternative, the
impacted areas would include 5 acres of uplands and 1 acre of
the long term, the upland vegetation and wetlands could become
through the process of natural selection.

4.6 COMPARISON OF ALTERNATIVES FOR K- AND c-REAcTORS AND D-AREA

wetlands. In
reestablished

This section contains a summary comparison of the once-through cooling towers,
the recirculating cooling towers and the no-action (continuation of present
operations) alternatives for the K- and C-Reactors and the increased flow with
mixing, direct discharge, and no-action alternatives for the D-Area power-
house. For each of the three facilities, selection of the no-action alter-
native would result in a continuation of present cooling water discharges that
would not comply with the State of
fication standard of a maximum
construction and operation of either
K- and C-Reactors and implementation
construction and operation of direct
D-Area powerhouse would result in
standard. Construction and operation

South Carolina’s ~lass B water classi-
instream temperature of 32.2”C. The
once-through or recirculating towers for
of either increased flow with mixing or
discharge to the Savannah River for the
discharges that would comply with this
of once-through or recirculating cooling

towers for K- a“d C-Reactors and implementation of increased flow with mixing
for the D–Area powerhouse would also require the conduct of Section 316(a)
studies to determine whether a balanced biological conununitywould be main-
tained, because discharges from these alternatives would exceed the State Of
South Carolina‘s Class B water classification standard of a maximum instream

temperature rise above ambient of 2.8” C. The following comparison discusses
the major differences that would OCCUr from the implementation of each of the
alternatives.

For the various cooling water alternatives, the following relative rankings of
future wildlife effects were determined from the Habitat Evaluation Procedures
Analysis (Mackey et al., 1987). Effects to terrestrial wildlife from
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construction of the once-through and recirculation cooling towers were
considered to be essentially equal, since in both cases either type of tower
would be constructed at the same location, and pipeline and other support
facilities would affect essentially the same locations. Small stream fish
species benefit more from the recirculation alternative in the upper reaches
of the creeks. In the middle and lower stream reaches, species such as the
catfish and sunfish benefit more from the once-through alternative. In the
deep swamp environment, those fish which are more likely to use the swamp
during the spawning period benefit more from the recirculation alternative.
In the Savannah River swamp, “ading birds benefit more from the recirculation
alternative. Overwintering waterfowl such as the mallard benefit more either
from the present SRP operations Or from the once–through cooling tower. The
once-through and no action alternatives would maintain the existing “marsh”

tYPe environment in the swamp for wintering waterfowl or permit expansion of
this type of habitat.

4.6.1 ALTERNATIVES FOR K-REACTOR

Either of the two cooling–tower alternatives would significantly reduce the
thermal impacts in each respective stream and the Savannah River swamp. The
major environmental difference between these alternatives is that the
recirculating cooling towers would withdraw less water from the river (about
1.6 cubic meters per second) and release less to the creek (about 1.1 cubic
meters per second) than the once–through tower (about 11.3 and 10.5 cubic
meters per second, respectively). This would result in reduced entrainment
losses of fish eggs and larvae and reduced impingement losses of adult and
juvenile fish with the recirculating towers. The reduced flows in Pen Branch
and Four Mile Creek and their deltas would also result in successional
re-establishment of a greater amount of wetlands than would occur with the
once-through cooling–tower alternative; on the other hand, the lower flow
would also reduce the existing amount of aquatic habitat in the streams and
parts of the swamp than would occur with the once-through tower.

Both alternatives would allow the reestablishment of aquatic fauna and floral
communities spawning and foraging in presently uninhabited areas. However,
the once-through cooling–tower alternative would exhibit a greater amount of
water-level fluctuation, causing some stress to aquatic organisms. Imple–
mentation of recirculating cooling towers would reduce thermal effects over
what would occur “ith once–through towers, except that flooded habitat area
would be smaller. Most aquatic communities would benefit from the reduced
flow and decreased magnitude of water level fluctuations with implementation
of a recirculating system. Either alternative would exhibit no potential for
cold shock, as the maximum weekly average temperature (MWAT) criteria (EPA,
1977) for winter shutdowns would be met. Dissolved solids concentrations in
the discharge would be higher with the recirculating alternative because of
cycles of concentration; however, total suspended solids discharge would be
greatly reduced.

Although once–through cooling towers would improve American alligator (which
has been classified as threatened due to “similarity of appearance”) habitat
over existing conditions, fluctuating water levels and high flow rates could
destroy nests, eggs, and hibernation sites. This alternative would also
minimize the availability of preferred foraging habitat for the endangered
wood stork. Implementation of the recirculating cooling tower would greatly
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improve the habitat quality for the American alligator and the wood stork.

Because of tbe reduced flow, eggs, nests, and hibernation sites of the

American alligator should not be adversely affected.

TC

The impacts of both systems on air quality would be similar; however, because
the recirculating cooling-tower system includes two towers operated in series
with 2.5 cycles of concentration, the maximm ice accumulation near the towers
would be greater for the recirculating system (7 nunversus < lnun), as would

the maximum annual deposition of total solids (2.2 kilograms per acre per year
at 2.0 kilometers of the tower versus 0.15 kilogram per acre per year for the
once-through tower). Because these deposition rates are far below the levels
that can cause reduced vegetation productivity (83 kilograms per acre per
year), no impacts on vegetation or wildlife are expected from either cooling-
tower alternative.

The operation of the once-through COOLing tower would not cause any
significant changes in the remobilization of radionuclides contained in the
Pen Branch or Four Mile Creek streambeds, because fLows in these streams would
remain essentially unchanged. The operation of recirculating towers for both
K- and C-Reactors would result in a calculated decrease of about 0.33 curie of
cesium released to the Savannah River over a year due to the reduced flow.
The implementation of either the once-through cooling tower or recirculating
cooling towers would slightly reduce the radiological doses to the maximw
individual and the 80-kilometer regional population, compared with the
existing direct-discharge system, which are presently well within standarda.
The decrease in maximum individual and collective (population) doses, however,
would be greater for recirculating cooling towers than for once-through towers.

Tables 4-28, 4-29, and 4-30 compare these alternatives, aLong with the
expected naturaL state of Pen Branch within 15 years if reactor operations
ceaae, for Reaches L, 2, and 3, respectively, of that stream. The division of
the Pen Branch watershed into these reaches was based on the presence of
distinct stream gradients. These comparisons were made to assess the
potential impacts of the aLternatives on discrete reaches and the ability of
the entire Pen Branch system to exhibit and maintain a balanced biological
cosununity. The following paragraphs describe potential effects of the
alternatives on the Pen Branch system. (Similar effects should occur on Four
Mile Creek for C-Reactor.)

BB-3 I Impacts On Reach 1

Reach L extends from the K-Reactor outfall down Indian Grave Branch to its
confluence with Pen Branch and on to SRP Road A; it encompasses approximately
1 percent (LL of 1100 acres) of the portion of the Pen Branch system that is
influenced by K-Reactor cooling water discharges, as utilized for the HEP
analysis (Mackey et al., 1987). In this reach, the stream is highly
channelized and has its highest gradient, water temperatures, and flows.

With the no-action aLternative, highly thermally tolerant species of algae
would be the only biota to occur, in limited areas. No spawning activity
would occur during reactor outages; Limited spawning could occur during Long
reactor shutdowns, but the success of the spawn would be unsure.
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Table 4–28. Comparison of Potential Environmental Impacts in Reach 1’ of Pen Branch System
(page I of 2)

Alternative cooling water system

Once-through Recirculating
Parameter

Natural
No action cooling tower cool ing towers stream’

Flow (variation),
m’/sec

Temperature (‘C)
Maxi mum/bT

Vegetation

Aquatic

Riparian

Macro invertebrates

11.3 (1-11.3)

75/48

Thermally tolerant
algae only.

Not present due to
high temperatures.

Not present due to
high temperatures.

10,5 (1-10.5)

32/11

Limited macrophyte
development due to
high flows.

Limited development
and distribution
due to high flows.

Limi ted abundance
and dive?sity due
to flows; early
emergence due
to AT greater than
5“C; stranding
could occur due to
changing flow
rates from reactor
Operations.

1 (0.2-1)

30/6

Increased macrophyte
development, but
less available habitat
compared to once-
thro. gh system due to
lower flows.

Major increase i“
available habitats;
shrub/herb community;
greater species
di versi ty than once-
through system.

Less available habitat
than once–through sys-
tem, comparable or
higher density;
greate~ diversity,
reduced potential
for early emergence,
little chance of
stranding due to
more stable flows.

0.03(natural)

27/0

Less available
habitat, greater
macrophyte species
diversity, than
reci rculating
system due to low
natural flows.

Highest spe’ies
diversity;
i“vasio” by some
nonwetla”d specie%.

Least avai lable
habitat due to
redu’ed water
vol .me ‘ompared to
recirculating
system. Highest
species diversity,
no potential for
early emergence,
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Table 4-28. Comparison of Potential Envi ronmental Impacts in Reach la of Pen Branch System
(page 2 of 2)

Alternative cooling water systems

Once-through Recirculating Natural
Parameter No action cool ing tower cooling towers stream’

Fish

Endangered species
(wood stork)

Waterfowl

Limited utilization
by heat-tolerant
mosqui tofish during
reactor outages:
no spawni ng by any
species due to
excessive water
temperatures:
however, limited
spawning could
occur during
long shutdowns: not
utilized by anadro-
mous and/or riverine
species.

No utilization -
lack of suitable
habitat.

No utilization –
lack of suitable
habitat.

Presence of species
with hiah flow
tolerance (i .e. ,
minnows, suckers,
darters); limited
spawning due to
fast flow, high
gradient, and
channel ized banks.
Limited uti liza-
tion, by anadromoys
or rlverine species.

No utilization -
lack of suitable
habitat.

Very low utili-
zation - lack of
suitable habitat

Maximum development of
limited fish habitat
and communities;
highest fish biomass
potential for this
reach; higher spawning
per unit area than
once-through zystem
due to reduced flows.
However, access to
this reach by fish
from downstream reaches
2 or3 is unlikely
due to reduced flows,
shallow water depth,
and development of
dense stands of aquatic
vegetation in these
reaches.

No utilization -
lack of suitable
habitat.

Very low utili-
zation – lack of
suitable habitat.

Less available
habitat due to
reduced water
volume and less
spawning success
than recirculating
system. Access to
this reach from
downstream reaches
2 or 3 would also
be limited due to
reduced flows,
shallow water
depth, and devel-
opment of dense
stands of aquatic
vegetation within
these lower
reaches.

No utilization -
lack of suitable
habitat.

Very low utili-
zation - lack of
suitable habitat.

a. Reach 1 ~omprises approximately 1 pei-cent of the Pen Branch system that is influenced by reactor
operation.

b, Stream system expected within a 15-year period after reactor operations cease.
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Table 4-29. Comparison of Potential Environmental Impacts in Reach 2“ of Pen Branch System
(page I of 2)

Alternative cool ing water system

Once–through
Parameter

Reci rculating Natural
No action cool ing tower cooling towers stream’

Flow (variation),
m3/sec

Temperature (“C) ,
Max imum/AT

Vegetation

Aquatic

Ri parian

Macroi nvertebrates

11.5 (1.17-11,5)

63/30

Thermal 1y tolerant
algae Only.

Isolated communi–
ties limited to
sandbars and stumps
due to high flows
and temperatures.

Minimal use by
thermally tolerant
species (e. g.,
ollgochaetes and
nematodes).

10.7 (1,17-10.7)

32/6

Limited macrophyte
development due to
high flows; more
available habitat
than in Reach 1.

Isolated comm. ”i-
ties limited to
sandbars and stumps
due to high flow.

Greater abundance
and diversity than
in Reach 1; moderate
potential for early
emergence d“e to AT;
stranding possible
due to variable flow
rates from reactor
operations,

1,17 (0.2-1,17)

29/3

Increased macrophyte
development over
once-through system,
but less available
habitat due to reduced
flows.

Major increase in
available habitats;
shrub/herb community
development; greater
species diversity
due to reduced flows.

Moderate improvement
in available habitat
over those in Reach 1
due to domstream
reductions in flow
and temperature.
Some potential for
earl y emergence.
Little chance of
stranding due to more
stable flows.

0.17 (natural )

26/0

Less available
habitat due to re-
duced flow volume,
greater dive~-
si ty than once-
through system.

Highest species
diver sity,;
invasion by some
nonwetl and
species.

Least amount of
available habitat
due to reduced
water volume;
highest species
density; no
potential for
early emergence
or stranding,
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Table 4-29, Comparison of Potential Environmental Impacts in Reach 2“ of Pen Branch System
(page 2 of 2)

Alternative cooling water systems

Once-through Recirculating
Parameter

Natural
No action cool ing tower cooling towers stream”

Fish Limited habitat
Improvement over
Reach 1; brief
utilization by fish
d.ring reactor
shutdowns; no
spawning during
reactor operations;
some spawning COU1 d
occur during long
shutdowns.

Endangered .pecies No utilization due
(wood stork) to excessive temp-

eratures and flow.

Waterfowl No utilization.

Moderate improve-
ment in habitat
conditions (i. e.,
reduced tempera-
tures and flows)
compared to Reach
1 ; presence of
flow-tolerant
species; increased
spawning; limited
utilization by
anadromous speci es.

No utilization due
to flows and exces-
sive water depth.

Moderate util ization
in backwater areas.

Moderate improve- Less available
ment in habitat habi tat and spawn-
conditions over ing success than
those in Reach reci rc.l,ating
1 and once-through system, limiting
systems due to access by an,adro-
reduced temperatures mous ad/or riverine
and flows in upper species to upper
reach. Reduced reaches due to
utilization and reduced f1ows and
spawning near delta dense vegetation.
due to reduced flows
in shallow depths and
development of dense
vegetation, which would
1 imit potential access
by anadromous and[or
riverine species to
upper part of Reach 2
and to Reach I

Very low utilization. Very 10W utili-
zation due to
reduced flows and
dense vegetation.

Moderate utilization. Moderate .tili-
,.

a. Reach” 2 comprises approximately 10 percent of the Pen Branch system that is influenced by reactor
operations.

b. Stream system expected within a 15–year period after reactor operations cease.
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Table 4-30. Comparison of Potential Environmental Impacts i. Reach 3“ of Pen Branch System
(page 1 of 2)

Alternative cool ing water system

Once-th rough
Parameter

Recirculating Natural
No action cool ing tower cool ing towers st ream”

Flow (.&riation), Highly variable;
m’lsec strongly influenced

by Savannah River
flows below delta.

Temperature (‘C) 51/14
Maximum/AT

Vegetation

Aquati c Thermally tolerant
algae a“d bacteria
only.

Ri pat-ia” Oelta - Thermally
tolerant herbaceous
flora,

Swamp - Cypress/
tupelo community.

Macro invertebrates Greater community
diversity than i“
Reach 2; dominated
by thermal 1y
tolerant species
(e.g. , oligochaetes
and nematodes )

Highly variable;
strongly influenced
by Savannah River
flows below delta.

31/1

Submerged macro-
phytes limited to
edge of delta and
lower braided stream
area; exte”!jive
where present,

Oel ta - Herbaceous
marsh present;
shOuld extend into
the cypress/tupelo
die–off area.

Swamp - Cypress/
tupelo community,

Greatincreasein
diversity and
abundance over no
action due to
temperature
reduction; strand-
ing due to variable
flows limited to
delta area (swamp

Highly variable;
strongly influenced
by Savannah River
flows below delta,

29/0

Less available
habi tat than with
once-through system;
greater abundance
due to reduced flow
and stable water
depth.

Del ta - Herbaceous
marsh present but
less extensive than
once-through system;
some shrub species
present; old-field
species would occur
in drier areas:

Swamp - Cypress/
tupelo connnunity

Less available
habitat but higher
quality than with
once-through system
due to reduced flows;
great increase i“
diversity and
abundance over no
action; 1ittle chance

Highly variable;
strongly influenced
by Savannah River
flows below delta,

30/0

Less available habi-
tat than with
recirculating
system; dense
concentrations,

Delta - Greater
development of old-
field community:
less marsh and
shrub .egetatio”
than reci rculating
system; develop–
ment of “onwetl and
species.

Swamp - Cypress/
tupelo community

Less available
habitat than recir-
culating system;
similar in abundance
and diversity;
little chance of
stranding d“e to
more stable flows.
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Table 4-30. Comparison of Potential Environmental Impacts in Reach 3’ Of pen Branch SYstem
(page 2 of 2)

Alternative cool ing water system

Once-through Recirculating Natural
Parameter No action cooling tower coollng towers stream”

Fish

&

&
w

Endangered species
(wood stork)

Waterfowl

Only thermally
tolerant species
near delta; brief
utilization by fish
during reactor shut-
downs; limited
utilization and
spawni ng by anadro–
mous species in
upper swamp due
to high temperatures

Very low utilization
due to excessive
temperatures ana
flow.

High to moderate
utilization,
particularly
below the delta.

flow is regulated
by Savannah River) ;
no earl y emergence
expected.

Habi tat greatly
improved over
Reach Z; increased
spawning, success,
utllizatlon, and
access by, anadrom?us
and riverlne species
due to reduced
temperatures.

Very low utilization
i“ delta area
due to flows.

High to moderate
utilization of
all alternatives
due to reduced tem-
peratures near delta.

of stranding due to
more stable flows.

Reduced utilization
and spawning in delta
area due to reduced
flows, shallow water
depth, and development
of dense vegetation,
which would limit
potential access to
upper reaches. Habi-
tat for spawning and
nursery areas in swamp
depends on periodl c
flooding by Savannah
River.

Increased utilization
for feeding d.: to
reduced flows In delta
area; this would
decrease as vegeta-
tion Invades.

Moderate util izati on;
less than with
once-through
system due to less
available habitat
from flow reduction
near delta and exten-
sive vegetation.

Less available
habi tat and
spawning success
than recirculating
system due to
reduced flow and
extensive vegeta-
tion in delta area.
Swamp utilization
similar to that
for recirculating
system.

Limited utilization
due to reduced
flows in delta area.
Oecreased use due to
vegetation invasion,
which would be more
rapid than for re–
circulating system.

Moderate to low
utilization due to
less available
habi tat and 1ess
“se than with
once–through system
due to extensive
vegetation.

a. Reach 3 comprises approximately 89 percent of the Pen Branch system, as util ized for the HEP analysis
(Mackey et al ., 1987).

b. Stream system expected within a 15-year period after reactor operations cease.
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With the once-through cooling-tower alternative, conununitiesof aquatic and
riparian vegetation should develop, but the areal extent, abundance, and
species diversity would be limited due to the presence of high and variable
cooling water flOw~. The early emergence of some macroinvertebrate species
cOuld occur because of the elevated water temperature; stranding of some
macroinvertebrate conununities could occur as a result of reactor-induced
variations in flow. The fishery comunity wol!ld be limited in size and
dominated by species with high flow tolerance (i.e., minnows, suckers, and
darters). Spawning by fish would be extremely limited due to fast flow, high
stream gradient, and channelized banks. The utilization of Reach 1 by
anadromous and riverine species wO~ld be limited due tO its distance (6 tO 8
kilometers) from the Savannah River.

With the recirculating cooling–tower alternative, an increase in the areal
extent and diversity of riparian vegetation would occur in comparison with
those for the once-through system. An increase in the areal extent of aquatic
macrophytes alSO would ~ccur, but, because of the reduced water flows to be
experienced with this alternative, the total available habitat would be
reduced. Less habitat would be available for macroinvertebrate communities,
but the abundance per unit area would be comparable to that for the once-
through system. Species diversity would be greater and the potential for
early emergence of macroinvertebrate species would be reduced over that for
the once-thro”gh system because of reduced temperatures. The more stable
water flows would produce little chance of stranding of macroinvertebrates.
The reduced flow associated with this system would limit the areal extent of
available habitat for fish; however, this habitat would be of higher quality
than that for any of the ~lternative~. This alternative would provide the
highest potential standing crop of fish of the alternatives; higher spawning
per unit area should occur than with the once-through system. However, access
to this region by anadromous or riverine fish species from Reaches z and 3 is
unlikely due to reduced flows, shallow water depth, and development of dense
stands of aquatic vegetation.

The complete cessation of reactor operations (i.e., a return to natural stream
conditions) would provide less available habitat for aquatic vegetation and
macroinvertebrates than the recirculating cooling-tower alternative due to a
further reduction in water flows. Riparian areas would be colonized by SOme
nonwetland vegetation. However, the species diversity of these communities
would be the highest of all identified alternatives. No potential would exist
for the early emergence of any macroinvertebrate species. Less habitat would
be available for fish, and spawning success would be less than that for the
recirculating system due to lower flows. In addition, access to this region
by fisb from downstream Reaches 2 and 3 would he unlikely due to reduced
flows, shallow water depths, and the expected development of dense stands of
aquatic vegetation.

The stream gradient and flows of Reach 1 would not provide suitable habitat
for the endangered wood stork or for waterfowl with any alternative.

Impacts On Reach 2

Reach 2 extends from SRP Road A to the Pen Branch delta. This reach
encompasses approximately 10 percent (110 of 1100 acres) of the Pen Branch
system that is influenced by reactor cooling water discharges, as utilized for
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4-93



BB-

The high flows and temperatures expected in Reach 2 (Table 4-29) with the
selection of the no-action alternative would allow the occurrence only of
isolated communities Of riparian vegetation (limited to sandbars and strops);
aquatic vegetation would be limited to thermally tolerant algae. Thermally
tolerant macroinvertebrate species would make minimal use of the reach. Only
limited improvement in the qualitY Of fish habitat would be expected over the
conditions described for Reach 1. Utilization by fish would be limited to
brief reactor shutdown periods. No spawning would occur during reactor
~Perations; however, limited spawning could occur during long shutdowns. The
high flows and temperatures would preclude the use of this reach by the
endangered wood stork and waterfowl.

The once–through cooling-tower alternative would reduce water temperatures
below those for no action, but flows would remain high and variable (Table
4-29). The high flows would limit riparian vegetation to isolated communities
on sandbars and stumps. Limited macrophyte development would Occur in
backwater areas of reduced flow; more total habitat would be available than in
Reach 1. The macroinvertebrate community would have greater species diversity
and abundance in comparison to Reach 1. Only minimal early emergence should
occur with some macroinvertebrate species due to elevated temperature; sOme
stranding of portions of the macroinvertebrate conununitycould occur due to
reactor–influenced flow variations. A moderate improvement in fish habitat
conditions over those in Reach 1 would occur due to downstream reductions in
temperature, gradient, depth, and flows; this should provide the greatest
occurrence of flow–tolerant species and more moderate spawning activity within
the reach. Use of this reach by anadromous species would be limited. The
endangered wood stork would not use Reach 2, but limited habitat wOuld
probably be available for waterfowl in backwater areas.

With the recirculating cooling-tower alternative, reduced flow and temperature
would provide an increase in riparian habitat (i.e., development of a
shrub/herb comunity) and greater species diversity in Reach 2. Reduced flows
would also enable greater aquatic macrophyte development to occur in compari-
son to the once-through alternative; bowever, less total habitat area would be
available. A moderate improvement would occur in habitat available for the
macroinvertebrate community, in comparison to that expected in Reach 1 with
this alternative and to the once–through alternative, as a result of
reductions in temperature and flow. Early emergence of macroinvertebrate
species would not occur. The reduced flows and temperatures would alSO
provide moderate improvement of fish habitat in the upper portions of Reach 2;
however, the reduced water flows and the increased development of vegetation
in the lower portions of the reach probably would cause reduced use and
spaming in the shallow areas of the delta. Access by fish to the uPPer
portion of Reach 2 and to Reach 1 could become limited due to reduced flOws
and dense vegetation development. Limited use of this reach by the endangered
wood stork and waterfowl would occur.

With a complete cessation of reactor cooling water flows (natural stream
conditions), the reduced water volumes in the stream would cause further
reductions in available habitat for aquatic vegetation, macroinvertebrates,
and fish in comparison to the recirculating cooling-tower alternative (Table
4-29). However, species diversity of the aquatic and riparian vegetation and
macroinvertebrate communities would be greater in areas where habitat is
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and fish in comparison to the recirculating cooling-tower ~lternative (Table
4-29). However, species diversity of the aquatic and riparian vegetation and
macroinvertebrate communities would be greater in areas where habitat is
available. There would be no potential for early emergence of any macroinver-
tebrate species, and reactor-influenced stranding would not occur. The
reduced water volumes “ould cause the present riparian habitat to be colonized
by nonwetland species. The reduced flows and increased density of vegetation
would limit fish access to the upper reaches of the stream and, thus, limit
overall use and spawning. The endangered wood stork would not use Reach 2,
but limited use by waterfowl would occur.

Impacts On Reach 3

Reach 3 of the Pen Branch system, as utilized for the HEp analysis (Mackey et
al., 1987) extends from the Pen Branch delta approximately 2 kilometers into
the Savannah River swamp; it encompasses approximately 89 percent (988 of 1100
acres) of the Pen Branch system. However, approximately &O percent of this
reach is considered to be pat-tof the Savannah River swamp and, therefore, is
not influenced by reactor operations (Mackey et al, 1987). The stream in
Reach 3 is highly braided; the gradient is the lowest of all the reaches;
sheet flow is prevalent; and water flows are extremely variable, influenced
primarily by periodic Savannah River flooding. The following discussions for
each alternative consider only the portion of Reach 3 that potentially is
influencedby reactor operations.

With the no-action alternative, aquatic vegetation ~ou~d be limited to
thermally tolerant algae and bacteria (Table 4_30). Riparian vegetation in
the delta probably would consist of thermally tolerant herbaceous flora; in
the swamp, the cypress-tupelo community would predominate. The macroinver-
tebrate community would be more diverse than that in Reach 2, but it would be
dominated by thermally tolerant species (e.g., Oligochaetes and Nematodes).
Only thermally tolerant fish species would occur in the delta area. Brief use
by some species would occur during reactor shutdowns. In the swamp, high
temperatures would limit use and spawning by anadromous species. The
endangered wood stork would not use Reach 3 with this alternative; however,
extensive use by waterfowl should occur, particularly below the delta.

With tbe once-through cooling-tower alternative, submerged macrophytes should
develop, but their distribution would be limited to the edge of the delta and
the lower sections of the braided-stream area; in this area, high abundance
would occur. Herbaceous marsh should develop in the riparian areas of the
delta, while the cypress-tupelo comunity would predominate in the swamp. p.s
a result of the large reduction in water temperatures, a substantial increase
in macroinvertebrate conununity diversity and abundance would occur in
comparison to the no-action alternative. No early emergence of any species
should occur, and stranding due to variable flows would be limited to the
delta area because flow in the swamp is influenced strongly by Savannah River
flows. Because of lower flows and temperatures, fish habitat should be
greatly improved over that present upstream; much greater use and spawning
success would occur. Some access to Reach 2 would be available for anadrOmOu~
and other species. Because of high flows, the endangered wood stork probably
would not use this reach for foraging; however, because of IoWer water
temperatures, waterfowl should use the delta area to a greater extent than
they would for the no-action alternative.

BB-3
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Less aquatic vegetation habitat would be available with the recirculating
cooling-tower system than with the once-through alternative (Table 4-30).

However, the reductiOn in flow and the resultant decrease in water depths
would provide greater vegetation abundance in the areas Of Occurrence. In the

delta area, herbaceous marsh should occur but in less abundance than with the
~nce-through alternative; shrub species would also be present and old-field

species would occur in the drier areas. In the swamp, the cypress–tupelo
conununity would predominate. Less macroinvertebrate habitat would be
available than with the once-through system, but the habitat would be of
higher quality because of reduced, stable flows. A substantial increase in
macroinvertebrate comunity diversity and abundance would occur, and there
would be little chance of stranding due to the more stable flows. Fish use
and spawning would be reduced in the delta area as a result of the reduced
flow, shallow water depths, and increased densities of vegetation, all Of
which could also limit access to the upper stream reaches. In the swamp, a
high-quality habitat for spawning and nursery functions would occur as a
result of the influence of the Savannah River on water levels. Use of the
delta area by the endangered wood stork would increase as a result of reduced
flows; however, this eventually would decrease as revegetation of the area
proceeds. Less habitat would be available in the delta for waterfowl in
comparison to the once–through alternative because of flow reduction and the
related revegetation of the area.

With a complete cessation of reactor cooling water discharge (natural stream
conditions), less habitat would be available for aquatic vegetation than with
the recirculating cooling-tower alternative. However, in the available areas,
dense concentrateions should occur. In the riparian areas of the delta, there
would be greater development of an old-field community, with less marsh and
shrub vegetation than with the recirculating alternative. In the swamp, the
CYPreSS-tupe10 community would predominate. Less macroinvertebrate habitat
would be available, but conununitydiversity and abundance should be similar to
those for the recirculating alternative. There should be little chance of
macroinvertebrate stranding due to mot-estable flows. In the delta area, less
fish habitat would be available and spawning success should be less because of
reduced flow and revegetation effects that reduce aquatic habitat. However,
in the swamp, fish use should be similar to that with tbe recirculating
system. Limited use of the delta area by the endangered wOOd stOrk shOuld
occur; this would decrease at a more rapid rate than with the recirculating
alternative due to revegetation. There would be less use by waterfowl because
revegetation would cause less available habitat.

The present worth cost of the once-through cooling-tower system for both
reactors would be approximately $93 million less than that for recirculating
cooling towers. However, recirculating cooling towers would cost
approximately $4 million less to operate each year. In addition, recir-
culating cooline towers would require approximately 6 months longer to
construct. The ‘implementation of r~circul~;ing cooli-ng towers could reduce
reactor power by 3.7 percent, compared to only 0.2 percent with the
once-through system (both systems were compared to the No-Action alter-
native). Costs to conduct a Section 316(a) Demonstration study would be the
same for either alternative, about $1.25 million.
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4.6.1.1 Once-Through Cooling Tower

The estimated present worth for the On~e–thrOugh nat~ral_draft cooling tower
with gravity feed at K–Reactor wOuld be approximately $43 million, including
production losses ($41.4 million without production losses). Estimated annual
operating costs would be $6.4 million. Preliminary design studies suggest a
O.2-percent annual average 10S.Sof reactor power attributable to the operation
of a once-through tower system in comparison to the No–Action alternative.
Construction would require about 36 months, after a 9-month lead design period.

The implementation of this alternative “ould reduce the thermal effects in Pen
Branch and its delta, while maintaining the current flow levels, thereby
increasing the available aquatic habitat for fishes and other organisms.
Continued wetland losses would decrease, and some successional revegetation
would occur. Entrainment and impingement losses would be about the same as
with current operations. Fluctuating water levels and flow rate could
inundate the eggs, nests, and hibernation sites of the American alligator.
The availability of foraging habitat for the wood stork would be limited due
to water depth and flOw. Air quality impacts, including fogging and icing,
elevated visible plumes, and total-solids (drift) deposition would be
insignificant.

AbOut 50 additional curies of tritium would be released per year to the
atmospheric pathway and about 50 curies less per year to the liquid pathway
for this alternative. This would result in a reduction of the maximm
individual effective whole-body dose of 1.1 x 10-4 millirem per year. The
total collective effeCtiVe whole-body dose would decrease by 2.8 X 10-’
person-rem per year. These dose changes are very small in comparison to
existing operations and natural background. The dose to o“site construction
personnel due to slightly elevated background levels of radiation produced by
plant facilities would be 20 millirem per year, based on 2000 hours for
cooling-tower construction.

The major environmental benefit of this alternative compared to the
recirculating cooling tower would be that current flOw rates in the creek and
delta would be mintained, thereby providing more potential habitat for
spawning and foraging by fishes. The present-worth value of this alternative
would be $47 million less than that for recirculating towers.

The principal environmental benefit of this alternatives over the no-action
alternative would be the reduction of thermal effects in Indian Grave Branch
and Pen Branch and the delta and an associated increase in dissolved oxygen
levels.

4.6.1.2 Recirculating Cooling Towers

The estimated present worth of this alternative would be approximately $90
million including production losses ($58 million without production losses).
Estimated annual operating costs would be $4.4 million. Preliminary design
criteria suggest a 3.7-percent annua1 average 10ss of reactor
attributable to the operation of a

power
recirculating cooling-tower system, in

comparison to the no-action alternative. Construction would require about 42
months, after a 9-month lead design time.

Ao-1
BC-6

BC-10
Bc-14

TE

TC

TE

AD-1
BC-6
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BC-1
BC-19
BD-5

BB-3

BB-3

BB-4

This alternative would reduce water temperatures in Pen Branch and its delta,
but would also greatly reduce the flows in these areas. Approximately 0.6
cubic meters per second would be discharged as a result of this alternative,
in contrast to the present discharge rate of 10.5 cubic meters per second.
The reduction in thermal effects would allow recolonization by fishes and
other organisms but would greatly reduce the habitat area. Losses of wetlands
would essentially cease, and an estimated 500 acres should become re–
established through the process of natural plant succession. There should be
no impacts associated with cold shock during the winter. Total annua1
entrainment (eggs and larvae) would be reduced from 13.4 x 106 to 2.0 X
10’, while total annual impingement would be reduced from approximately 2942
to 427 fish. Habitat quality for the American alligator would be improved;
the inundation of eggs, nests, and hibernation sites would be improbable. The
availability of foraging habitat for the endangered wood stork would be
enhanced.

Impacts to air quality would be similar to those expected for a once-through
tower and, although
once-through tower,
vegetative stress.

The operation of this
in a decrease in the

salt deposition would be higher than that for the
levels would be far below those that would cause

alternative would reduce flows in Pen Branch, resulting
cesium-137 release to the Savannah River of 0.12 curie

per year. About 425 additional curies of tritium would be released per year
to the atmospheric pathway, and 425 fewer curies of tritium would be released
per year to the liquid pathway. The reduction in cesium-137 and the change in
the release of tritium would result in a decrease in the maximum individual
effective whole-body dose of about 7.0 X 10-2 millirem per year. The
collective effective whole-body dose would decrease by about 4.8 x 10-”’
person-rem per year. The dose to onsite construction personnel due to
slightly elevated background levels of radiation produced by SRP facilities
would be 20 millirem per year, based on 2000 hours for cooling-tower
construction.

The principal environmental benefits of recirculating cooling towers compared
to the once-through cooling-tower system would be the reestablishment of a
greater amount of wetlands and the reduction in entrainment and impingement
losses.

The major advantage over the no–action alternative would be the improvement in
water quality in Pen Branch and its delta by the reduction of temperatures and
flows and the increase in dissolved oxygen concentrations.

4.6.1.3 No Action

There would be no capital costs or increases in annual operating costs with
this alternative.

The no-action alternative would result in the continuation of thermal
discharge effects to Pen Branch and its delta. The high-water temperatures
would prevent fish from using the waterways for foraging or spawning and would
not meet State of South Carolina Class B water classification standards. A
potential for cold shock would remain and annual wetland losses of about 26
acres per year would continue. Entrainment and impingement losses would be
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maintained at current levels . Habitat value for the American alligator, which
has been classified as “threatened due to similarity of appearance,” and BB-4
endangered wood stork would remain low. There would be no impacts on air
quality, noise, or archaeological sites with this alternative.

The maximum individual dose would continue at about 3.3 millirem per year.
The collective dose would be about 80.7 person-rem per year and is about
0.074 percent of natural background.

There are no important environmental benefits to the no-action alternative
with respect to either the once–through or recirculating cooling towers.
There would be a considerable savings in construction (a minimm of

AD-1

$41.4 million) and operating (a minimum of $4.4 million per year) costs over
BC-6

those for the implementationof either cooling-tower system.

4.6.2 ALTERNATIVES FOR C-REACTOR

The comparison of impacts of the two cooling-tower alternatives for C-Reactor
are similar to those associated with K-Reactor described in Section 4.6.1. I TC

4.6.2.1 Once–Through Cooling Tower

The estimated present worth for the once-through, natural-draft, gravity-feed
cooling tower at C–Reactor would be approximately $44 milIion, including
production losses ($42.4 million without production losses). The estimated
annual operating costs would be $6.4 million. The construction would require AD-1
36 months following a 9-month design phase. Reactor power should drop by BC-6
1 percent due to the operation of the once-through system, compared to the
No-Action alternative. As with K–Reactor, C-Reactor would require an
additional $1.25 million for a 316(a) Demonstration study.

The implementation of this alternative would reduce the thermal effects in
Four Mile Creek and its delta while maintaining the current flow levels,
thereby increasing the available squatic habitat for fishes and other
organisms. Continued wetland losses would decrease, and some successional
revegetation would occur. Entrainment and impingement losses would be about
the same as with current operations. Fluctuating water levels and flow rate
could inundate the eggs, nests, and hibernation sites of the American
alligator. The availability of foraging habitat for the wood stork would be
limited due to water depth and flow. Air quality impacts, including fogging
and icing, elevated visible plumes, and total-solids (drift) deposition would
be insignificant. The construction of the once–through cooling tower would
disturb one known prehistoric site that has been determined to be
insignificant.

About 50 additional curies of tritium would be released per year to the
atmospheric pathway, and about 50 curies less would be released per year to
the liquid pathway for this alternative. This would result illa reduction of
the maximum individual effective whole-body dose of 1.1 x 10-” millirem per
year. The total collective effective whole-body dose would decrease by 2.8 x
10-’ person-rem per year. These dose changes are very small in comparison
to existing operations and natural background. The dose to onsite construc–
tion personnel, due to slightly elevated background levels of radiation

BB-3
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BC-6

BC-6

BB-3
BD-5

BB-3

BC-22

I

~rodUced by ~l~nt facilities, would be 20 Millirem per year based on 2000

houra for coOling-tOwer construction.

An advantage of the Once-thrOugh tOwer Over recirculating tOwers wOuld be the
maintenance of existing flow levels in the creek and delta, thereby prOviding
more potential habitat for fish and other organisms. The present-worth value
of this alternative would be approximately $46 million less than that for
recirculating towers.

The principal advantage of a once-through tower over nO actiOn wOuld be the

reduction of water temperatures and an increase in
oxygen in Four Mile Creek.

concentrations of dissolved

would be approximately $90
without production losses).

4.6.2.2 Recirculating Cooling Towers

The estimated present worth of this alternative
million including production losses ($58 million
Estimated annual operating costs are $4.4 milliOn. In addition to these
costs, the estimated cost to conduct a Section 316(a) Demonstration study
would be $1.25 million. Preliminary design criteria suggest a 4-percent
annual average loss of reactor power attributable tO the OperatiOn Of a
recirculating cooling-tower systern, compared to the no-action alternative.
Construction would require about 42 months, after a 9-month lead design time.

This alternative would reduce water temperatures in Four Mile Creek and its
delta, but would also reduce the flow in these areas by about 92 percent. The
reduction in thermal effects would allow recolonization by fishes and other
organisms but would greatly reduce the habitat area. Losses of wetlands would
essentially cease, and an estimated 1000 acres would become reestablished
through the process of natural plant succession. There would be no impacts
associated with cold shock during the winter. ~tal annual entrainment (eggs
and larvae) would be reduced from 13.4 x 10 tO 2.0 x 10’, while total
annual impingement would be reduced from approximately 2942 to 427 fish.
Habitat quality for the herican alligator would be imprOved; the inundation
of egga, nests, and hibernation sites is unlikely. The availability of
foraging habitat for the endangered wood stork would be enhanced. Impacts to
air quality would be similar to those expected for a Once-through tOwer and,
although salt deposition would be higher than for once-through towers, levels
would be far below those that cause reduced vegetative productivity. The same
prehistoric site that would be disturbed by construction of the once-through
system would be impacted by this alternative.

This alternative would result in a decrease of 0.21 curie per year of
cesium-137 released to the Savannah River. The radiological releases for
C-Reactor would be similar tO those described for K-Reactor in SectiOn
4.6.1.2, except the total decrease in the maxim~ individual effective
whole–body dose and the collective effective whole-body dose due to cesium and
tritium releases would be 1.2 x 10-’ millirem per’ year and 6.6 x 10-’
person-rem per year, reapectively. The dose to onsite construction Personnel
due to slightly elevated background levels of radiation produced by SRp
facilities would be 20 millirem per year, based on 2000 hours for
cooling-tower construction.
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The principal environmental benefits of this system Over = o~~~-th~ough tower

would be the successional re–establishment of a greater amount of wetlands and
the reduction of losses due to entrainment and impingement.

4.6.2.3 NO Action

The no–action alternative would result in no changes in the existing impacts
on the aquatic and wetland environments associated with the Four Mile Creek
system. These impacts would be similar tO those described for pen Branch and
its delta (see Section 4.6.1.3).

This alternative would not comply with South Carolina‘s Class B water
classification standards. Radiological releases would be approximately the
same as those described in Section 4.6.1.3 for K–Reactor, except cesium-137
releases from creek sediments would be slightly lower. There would be a
considerable construction cost savings (more than $90 million) over the other
two systerns.

4.6.3 COMPARISONS FOR D-AREA

4.6.3.1 Increased Flow with Mixin~

Increased flow couId be implemented
Annual operating costs would increase

immediately without any capital costs.
by about $30,000 per year.

The implementation of this alternative would reduce the thermal effect in
Beaver Dam Creek during extreme summer temperatures by temporarily increasing
flow. The ‘loweringof water temperatures would improve the aquatic habitat in
the creek, which would permit greater use by aquatic organisms. Entrainment
and impingement losses would remain about the same as with current operations,
because there are few adults and spawning in the vicinity of the intake during
the summer. Temporary wetland losses would only total about 4 acres during
periods when pumping was necessary. herican alligator habitat would not be
affected, but some decrease of wood stork habitat in the area could result
from greater water depths during periods when extra pumping would be required
to meet Class B water classification standards. There would be no impacts to
air quality, noise, release of radionuclides, or archaeological resources due
to the implementation of this alternative.

The principal advantage of this alternative over direct discharge would be
that present flows in Beaver Dam Creek would be maintained, thereby preserving
the existing squatic habitat and habitat for the American alligator BB-5

( threatened due to “similarity of appearance”) and endangered wood stork. In
addition, the estimated costs of implementing this alternative would be about
$14 million less than those for the direct-discharge alternative.

The advantage of this alternative over no action would be the reductiOn of
thermal effects in the creek during periods of high smer temperatures.

L.6.3.2 Direct Discharge

Construction of the discharge pipeline would require a capital ~o~t of
approximately $14 million and about 22 months to complete. Its operation
would increase annual operating costs by about $50,000 per year.
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This alternative would lower water temperatures to ambient levels in Beaver
Dam Creek by discharging the powerhouse effluent directly to the Savannah
River. The removal of the discharge flow from Beaver Dam Creek would decrease
water levels in the creek, thereby reducing available spa~ing and fOraging
habitat for aquatic organisms. An estimated 1 acre of wetlands and 5 acres of
uplands also would be affected by the construction of the pipeline. There
would be small increases in water temperatures within the discharge mixing
zone in the river. Entrainment and impingement effects would be the same as
for present operating conditions. The decrease in water level and removal of
heated water from the creek would significantly degrade the existing
endangered American alligator and wood stork habitat. There would be no
impacts on air quality, noise, radiological releases, or archaeological
resources.

The only advantage of direct discharge over the increased flow alternative
would be the complete elimination of all thermal discharges from Beaver Dam
Creek. The advantage of this alternative over no action would be the
elimination of releases of heated water to the creek.

4.6.3.3 No Action

This alternative would require no costs or delays. It would maintain the
existing environmental conditions in Beaver Dam Creek. Periodically, water
temperatures would exceed the 32.2°C Class B water classification standards
and would continue to limit the use of the area by aquatic organisms at these
times. Entrainment and impingement losses would remain at present levels.

TC I The existing habitat for the American alligators (“threatened due to
similarity of appearance”) and marginal foraging habitat for the endangered
wood stork would be unchanged.

An environmental advantage to selecting the no–action alternative over
increased flow would be the prevention of adverse impacts to about 4 acres of
wetlands and 4 acres of uplands; there would also be a saving in estimated
operating costs.
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The principal environmental benefit of this alternative over direct discharge
would be that it would maintain existing water flows and levels in Beaver Dam

I Creek,
TC

thereby maintaining habitat for the American alligator and the wood
stork and aquatic organisms. It would also prevent adverse impacts to about 1
acre of wetlands and 5 acres of uplands due to construction. There would also
be a capital cost savings of $1.4million initially and $140,000 per year
thereafter.



REFERENCES

Adams, J. N., and R. L. Beschta, 1980. “Gravel Bed Composition in Oregon
Coastal Streams,“ Canadian Journal of Fisheries and Aquatic Sciences, Vol.
37, pp. 1514-1521.

Allison, L. E., 1964. “Salinity in Relation to Irrigation,” Advances in Agron–
~, Vol. 16, pp. 139-180.

Barton, B. A., 1977, “Short-Term Effects of Highway Construction on the Lim-
nology of a Small Stream in Southern Ontario,” Freshwater Biology, vol. 7,
pp. 99-108.

Bennett, D. H., and R. W. McFarlane, 1983.
Plant: National Environmental Research
Carolina.

The Fishes of the Savannah River
Park, SRO-NERP-12, Aiken, South

Bernstein, L., 1975. “Effects of Salinity and Sodicity on Plant Growth,”
Annual Review of Phytopathology, VO1. 13, pp. 295-312.

Boschung, H., and P. O’Neil, 1981. “The Effects of Forest Clear-Cutting on
Fishes and Macroinvertebrates in an Alabama Stream,” Warmwater Streams
Symposium, L. A. Krumholz, editor, Special Publication, Southern Division
American Fisheries Society, Allen Press, Lawrence, Kansas.

Boyns, P. K., and D. B. Smith, 1982. An Aerial Radiological Survey of the
Savannah River Plant, EG&G–1183-1816, EG&G Idaho, Inc., Energy
Measurements Group, Idaho Falls, Idaho.

Castrichini, F. P. (Manager, Schedule and Budget, Vogtle Plant, Georgia Power
Company), 1985. “Staffing at Plant Vogtle,” letter to B. C. Marcy (NUS
Corporation, Aiken, South Carolina), File No. X7BF04, Log MSB-325.

DOE (U.S. Department of Energy), 1982. Final Environmental Impact Statement,
Defense Waste Processing Facility, Savannah River Plant, Aiken, South
Carolina, DOE/EIS–0082, Savannah River Operations Office, Aiken, South
Carolina.

DOE (U.S. Department of Energy], 198&. Thermal Mitigation Study, Compliance
with Federal and South Carolina Water Quality Standards, Savannah River
Plant, Aiken, South Carolina, DoE/sR-5o03, Savannah River Operations
Office, Aiken, South Carolina.

DOE (U.S. Department of Energy), 1987. Impingement and Entrainment at the
River Water Intakes of the Savannah River Plant, submitted to the U.S.
Army Corps of Engineers as Special Condition B of Section 404 Permit
/}84-22-088for the L-Lake Embankment, Savannah River Operations Office,
Aiken, South Carolina.

Du Pent, (E. 1. du Pent de Nemours and Company), 1981a. Releases of Radio-
activity at the Savannah River Plant, DPSPU 81-25–1, Savannah River Plant,
Aiken, South Carolina.

4-103



Du Pent, (E. I. du Pent de Nemours and Company), 1981b. Environmental Moni–
toring at the Savannah River Plant - Annual Report for 1980, DPSPU–1–302,
Savannah River plant, Aiken, SOuth CarOlina.

DU pent (E.1. du pOnt de NemOurs and COmPanY), 198~a. “Manpower Projections
for COO1ing Towers,” MemOrand~ v Savannah River ‘lant● ‘iken* ‘outh
Carolina.

DU Pent (E.1. du Pent de Nemours and COmpany), 1985b. Comprehensive Cooling
Water Study Annual Report, DP–1697, VOIS. 1-11, J. B. Gladden. M. w.
Lower, H. E. Mackey, W. L. specht~ and E. W. Wilde
River Laboratory, Aiken, South Carolina.

DU Pent (E. 1. du pent de NemOurs and COmPanY)* 1985c.
Environment Report for 1984, DPsPU-85-30–1, Savannatl
South Carolina.

(editors), ‘Savannah

Savannah River Plant
River Plarlt, Aiken,

Ellis, M. M., 1936. “Erosion Silt as a Factor in Aquatic Environments,”

EPA

TC

EPA

ECO1OPY, vol. 17, pp. 29-42.

(U.S. Environmental Protection Agency), 1974. Information on Levels of
Environmental Noise Re~uisite to Protect Public Health and Welfare with an
Adequate Margin of Safety, PB-239 429, U.S. Department Of CO~erce~
National Technical Infoi-mtion Service.

(U.S. Environmental Protection Agency), 1977. Temperature Criteria for
Freshwater Fish: Protocol and Procedures. EPA-600/3-77-061, U.S.
Environmental Protection Agency, Duluth, Minnesota.

Fisher, G. E., 1974. FOG Model Description, NUS-TM-S-185, NUS COrPOratiOn,
Gaithersburg, Maryland.

FWS (U.S. Fish and Wildlife Service), 1984a. “Biological Opinion of the U.S.
Fish and Wildlife Service on the Endangered Wood Stork at the Savannah
River Plant,” letter from W. T. Parker, FWS, Asheville, North Carolina tO
M. J. Sires,
Carolina.

BB-3

I

Gibbons, J. W.,
Ecosystems,”

U.S Department of Errergy,Savannah River Plant, Aiken, South

and R. R. Sharitz, 1974. “Thermal Alteration of Aquatic
American Scientist, Volume 62, pp. 660-670.

Hanes, R. E., L. W. Zelazny, and R. E. Blaser, 1970. Effects of Deicing
Salts on Water Quality and Biota, National Cooperative Highway Research
Program Report 91, Highway Research Board, National Academy of Sciences,
Washington, D.C.

Henry, V. G. (Acting Field Supervisor, U.S. Department of the Interior, Fish
and Wildlife Service), 1986.

TE
Letter to S. R. Wright (Acting Director,

Environmental Division, U.S. Department of Energy, Savannah River
Operations Office, Aiken, South Carolina), Re: 4-2-86-537, Asheville,
North Carolina.

4-104



Hynes, H. B. N., 1970. The Ecology of Running Waters, Liverpool University
Press, Liverpool, England.

INTERA Environmental Consultants, Inc., 1980. Remote Sensing for the Detection
and Monitoring Of Salt Stress on Vegetation: Evaluations and Guidelines,
Nuclear Regulatory Commission report NUREG/CR-1231.

Jacobsen, W. R., R. J. BrcIm, E. W. Rabon, Thermaland L. J. Tiny, 1972.
Discharges frOM the Savannah River plant, DpST-72-428, E. I. du pent
de Nemours and Company, Savannah River Laboratory, Aiken, South Carolina.

Kahl, M. P., Jr., 1964. “Food Ecology of the Wood Stork (Mycteria americana)
in Florida,v,Ecological Monographs, Vol. 34, pp. 97-117.

Levitt, J., 1980. Responses of Plants to Environmental Stresses, Academic
Pres”s,New York.

Lower, M. W., 1984a. Historic Water Quality Data Base, DPST-84-555, E. I.
du Pent de Nemours and Company, Savannah River Laboratory, Aiken,
South Carolina.

Lower, M. W., 1984b. Compilation of Historic Floodplain Sediment Data Base,
DPST-84-298, E. 1. du Pent de Nemours and CCImpanY, Savannah River
Laboratory, Aiken, South Carolina.

Lower, M. W. and D. W. Hayes, 1984. Memorandw: “Estimated Radionuclide
Inventory Present in Beaver Dam Creek, Four Mile Creek, Indian Grave/pen
Branch, and Lower Three Runs Creek,,,E. 1. du Pent de Nemours and Company,
Savannah River Laboratory, Aiken, South Carolina.

Mackey, H. E., Jr., C. E. Davis, L. Price, and W. Fay, 1987. Habitat Eval-
uation Procedure (HEP) Assessment for Thermal Mitigation Alternatives for Bc-3

C and K Reactors, DPST-87-578, E 1. du pent de NemCIurs and Company, BC-12

Savannah River Laboratory, Aiken, South Carolina. BD-4

Marzolf, G. R., 1980. The Potential Effects of Clearing and Snagging on Stream
Ecosystems, FWS/OBS-78/145, U.S. Fish and Wildlife service, office of
Biological Services, Washington, D.C.

Matthews, R. A. and C. F. Muska, 1983. Shortnose and Atlantic Sturgeon Larvae
in the Savannah River, DPsT–83–753, E. 1. du Pent de Nemours and Company,
Savannah River Laboratory, Aiken, South Carolina.

Meyers, J. M., 1984. Wood Storks Of the Birdsville Colony and Swamps of the
Savannah River Plant, SREL–15, University of Georgia, Savannah River
Ecology Laboratory, Aiken, South Carolina.

Muhlbaier, D. B., 1986. “Thermal Mitigation Project - Cooling Tower Design
to preVent Cold Shock to Fish,” letter to R. A. Moyer, E. I. du pent de TC

Nemours and Company, Savannah River Plant, Aiken, South Carolina.

Mulchi, C. L., and J. A. Armbruster, 1981. “Response of Corn and Soybean to
Simulated Saline Aerosol Drift from Brackish Water Cooling Towers,”
Journal of Environmental Quality, Vol. 10, pp. 541-547.

4-105



Neill, J. S., and D. F. Babc:p~;2~&71. The Dissipation of Reactor Heat at the
Savannah River Plant, , E. I. du Pent de Nemours and Company,
Savannah River Laboratory, Aiken, South Carolina.

NRC

NRC

(u.S. Nuclear Regulatory Commission), 1979. Environmental Standard Review
Plans for the Environmental Review of Construction Permit A~lications for
Nuclear Power Plants, NUREG-0555, Washington, D.C.

(NUS Nuclear Regulatory Conunission), 1985. Final Environmental Statement
Related to the Operation of Vogtle Electric Generating Plant, Units 1
and 2, NUREG-1087, Docket Nos. 50-424 and 50–425, U.S. Nuclear Regulatory-
Conunlssion,Office of Nuclear Reactor Regulation, Division of Licensing,
Washington, D.C.

Oravetz, C. A. (Chief, Protected Species Branch, U.S. Department of Comerce,
National Marine Fisheries Service), National Oceanic and Atmospheric
Administration, 1983. Letter to M. J. Sires, Assistant Ma,lager,Health,
Safety and Environment, U.S. Department of Energy, Savannah River Opera–
tions Office, F/Serv. 23:AM:CF, St. Petersburg, Florida.

Paller, M., J. O’Hara, and D. V. Osteen, 1985. Annual Report on the Savannah
River Aquatic Ecology Program, September 1983-August 1984, DPST-85-377,
prepared by Environmental and Chemical Sciences, Inc., for E. 1. du Pent
de Nemours and Company, Savannah River Laboratory, Aiken, South Carolina.

Paller, M. J. and D. V. Osteen, 1985. Annual Report on the Savannah River
Aquatic Ecolo~ Program, November 1983-August 1984, Volume I, DPST-85-375,
prepared by Environmental and Chemical Sciences, Inc., for E. 1. du Pent
de Nemours and Company, Savannah River Laboratory, Aiken, South Carolina.

Paller, M., J. O’Hara, V. Osteen, W. Specht, and H. Kania, 1984. _
Report on the Savannah River Aquatic Ecology Program, September 1982 -
August 1983, Volume 1, DPsT-84-252, prepared by Environmental and Chemical
Sciences, Inc., for E. 1. du Pent de Nemours and Company, Savannah River
Laboratory, Aiken, South Carolina.

Parken, W. T. (Field Supervisor, U.S. Department of the Interior, Fish and
Wildlife Service), 1986. Letter to C. G. Halstead, Assistant Manager of
Health, Safety and Environment, U.S. Department of Energy, Savannah River
Operation Office.

Pettersen,, S., 1956. Weather Analysis and Forecasting, Vol. 1, McGraw-Hill.
New York City, New York.

Sires, M. J., 1984. Supplemental Information: Proposed Operation of the
Savannah River Plant (SRP) L-Reactor and the American Alligator, letter
and enclosed biological assessment to Warren J. Parker (Field Supervisor,
Endangered Species Field Station, U.S. Fish and Wildlife Service), U.S.
Department of Energy, Savannah River Operationa Office, Aikefl, South
Carolina.

Smock, L. A. and D. L. Stoneburner, 1985. “Macroinvertebrate Production in a
Southeastern United States Backwater Stream.“ EcologY 66(5):1491-1503.

4-106



Specht, W. L., 1985. “Thermal Mitigation in Beaver Dam Creek––Pump Test
Results,” letter to R. A. Moyer, E. I. du Pent de Nemours and Company,
Savannah River Laboratory, Aiken, South Carolina.

Storms, K. G., 1985. Thermal Tolerance of Early Life Stage of Largemouth Bass.
M. S. Thesis, Clemson University, Clemson, South Carolina.

Wilde, E. W., 1987. Unpublished Field Data on the Acute Mortality of Juvenile
Specimens of Largemouth Bass, Bluegill Sunfish and Channel Catfish
Following Exposure to Cold Shock. E. 1. du Pent de Nemours and Company,
Savannah River Laboratory, Aiken, South Carolina.

4-107


