
APPENDIX F

FLOODPLAIN/WETLANDS ASSESSMENT

F.1 INTRODUCTION

Executive Orders 11988 (Floodplains Management) and 11990 (Protection of Wet
lands) and U.S. Department of Energy (DOE) regulation "Compliance with
Floodplain/Wetlands Environmental Review Requirements" (10 CFR 1022) specify
the requirements for a floodplain/wetlands assessment. Pursuant to these
requirements, DOE issued a floodplain/wetlands notice on the construction and
operation of alternative cooling water systems for the K— and C--Reactors and
the D—Area coal—fired powerhouse on March 28, 1986 (51 FR 1065h).

The proposed action and cooling water alternatives discussed in this EIS,
except the D—Area direct discharge alternative, do not occur within the base
floodplain or wetlands. Consequently, the practicability test for identifying
and evaluating alternatives outside the base floodplain is not required except
the D—Area direct discharge alternative which is discussed in Section F.h.2.
However, the implementation of the cooling water alternatives for K— and
C-Reactors and the D—Area powerhouse could potentially impact the base
floodplain and wetlands. These impacts are identified and assessed in Chapter
h. The impact identification and assessment requirements for the EIS are
applicable and equivalent to the /enuirements for floodplain/wetlands
protection.

This appendix references the EIS wherever possible and addresses only those
impacts of the alternative cooling water systems that could affect the base
floodplain and wetlands.

One of the primary concerns of the floodplain/wetlands Executive Orders is the
protection of lives and properties. Access to the Savannah River Plant (SRP)
is strictly controlled. No dwellings, hospitals, schools, nursing homes, or
other structures are located within the base floodplain. Therefore, neither
individuals nor private property would be affected if the cooling water
alternatives were implemented.

Another concern in the floodplain/wetlands Executive Orders is the impact on
floodplain values. The cooling water alternatives would have little or no
impact on cultural resources, agricultural, aquacultural, or forestry
resources as related to floodplain values. Archaeological and historic
resource surveys, which are discussed in Appendix E, identified no significant
sites requiring impact mitigation. Because of the controlled access to SRP,
no agricultural or aquacultural practices exist, and none would be affected by
implementation of any of the cooling water alternatives. The implementation
of any of the alternatives, except the no-action alternative for K— and
C-Reactors, would enhance native plant communities.

The cooling water alternatives will, however, impact water and biological
resources. This appendix discusses positive and negative, direct (concen
trated) and indirect (dispersed), and short—term and long—term impacts associ
ated with the construction and operation of the alternatives for each of the
floodplain/wetland areas as related to both water and biological resources.

BC—l9

BC—l9

F—l



BC—23

TEI

BC—19

TE|

TE

BC—4

Short—term impacts are temporary changes during and immediately following
implementation of an alternative. Impacts related to construction activities
such as site clearing and sedimentation runoff are examples of short—term
impacts. Long—term impacts can persist for a considerable time, and might
continue indefinitely. Loss of mature swamp forest trees because of thermal
effluents discharge is an example of a long—term impact. Direct impacts, as
used in this EIS, are concentrated at or near the site of the action; indirect
impacts occur at a site remote from the action. Impacts can be beneficial
(i.e., positive) or harmful (i.e., negative). The alternative cooling water
systems for K— and C--Reactors include the construction and operation of
once-through cooling towers (gravity feed and natural draft), recirculating
cooling towers, and the continuation of direct discharge, or no action. The
alternatives considered for the D-Area coal—fired powerhouse include increased
flow with mixing, direct discharge to the Savannah River, and continuation of
the present operation, or no action. The proposed action and alternatives are
discussed in Chapter 2.

F.2 PEN BRANCH (K-REACTOR)

F.2.1 ONCE—THROUGH COOLING TOWER (PREFERRED ALTERNATIVE)

F.2.1.1 Construction Impacts

Water Resources

impact to water resources in the Pen Branch floodplain/
A negative impact of

The principal direct
wetlands during construction would be on water quality.
construction activities would be a temporary increase in suspended solids
because of runoff erosion. Temporary measures such as berms, drainage
ditches, drains, sedimentation basins, grassing, and mulching would control
runoff until permanent erosion—control measures could be implemented.
Construction activities would have no measurable effect on groundwater
recharge or the ability of the floodplain/wetlands to moderate floods. Water
quality impacts are discussed in Chapter 4.

Biological Resourceg

Construction activities would occur on upland sites and would not directly
affect the floodplain/wetlands. The principal indirect impact would be from
sediment loading on fish and macroinvertebrates. This short—term impact would
be minimal because Pen Branch, in the vicinity of the proposed construction,
is uninhabitable by aquatic and semiaquatic biota because of the high water
temperatures from reactor operations.

F.2.1.2 Operational Impacts

water Resources

The principal direct impact to water resources in Pen Branch floodplain/
wetlands during operation would be on water quality. A positive impact would
be that water temperatures at the outfall would be reduced from a maximum of
75°C to 30°C in the summer, only 3"C above projected ambient
temperatures. In the winter, the discharge temperature would decrease even
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more to approximately 26°C (12"C above ambient creek temperature). Lower
water temperatures would improve water quality by increasing the dissolved
oxygen concentration.

Operation of the once-through cooling tower would reduce both suspended solids
and the sedimentation rates of the delta, a positive impact. Some erosion and
sedimentation would occur. However, the sedimentation rates of the delta
should decrease as plant growth becomes reestablished along the stream banks.
This would be a positive impact because of the prevention of further
vegetative loss caused by thermal effluents. Operations would have no
measurable impact on the ability of the floodplain/wetlands to moderate floods
or groundwater recharge. Stream flow would be reduced slightly from 11.3 to
about 10.5 cubic meters per second, and should cause a slight reduction in
suspended solids concentrations, a positive impact. Water quality and
hydrology impacts are discussed in Chapter h.

Biological Resources

The most significant positive ecological impact would be the enhancement of
wetland habitat because of diminished thermal effects of the discharges.
Vegetation would become reestablished on portions of the 670 acres of affected
wetlands. The vegetation loss rate in the swamp of 26 acres per year because
of thermal impacts would be reduced (see Chapter h). The reduction in stream
flow could contribute to a slight reduction in canopy loss from flooding and
increased sedimentation, another positive impact.

Implementation of this alternative should enhance the diversity of plant and
animal life over present conditions, a positive impact. Spawning conditions
for indigenous and migratory fish species would be greatly improved.
Operation of the cooling tower would meet the requirements stipulated for
Maximum Weekly Average Temperature (MWAT) for fish survival during a winter
shutdown (EPA, 1977; Muhlbaier, 1986); this would be a positive impact.

Two species at SRP would be affected positively by this alternative. Because
the water temperature would be well below the thermal maximum temperature
tolerance of the threatened American alligator (Alligator mississippiensis;
classified as "threatened due to similarity of appearance"), additional
habitat for it and other aquatic species would be created.

Reducing the temperature below the thermal maximum for fish would allow fish
to recolonize Pen Branch, a positive impact. The fluctuating water levels
could concentrate fish, the principal prey of the endangered wood stork
(Mycteria americana). This would be a positive impact because loss of
foraging habitat has contributed to the decline of the wood stork (Du Pont,
1985).

Based on formal consultation between the U.S. Fish and Wildlife Service (FWS)
and DOE on the American alligator, red—cockaded woodpecker, and wood stork,
FWS has issued a biological opinion of "no effect" if DOE implements the pre
ferred alternatives (Parker, 1986).

Because this alternative would not require any changes in the cooling water
intake structures or flow rates, there would be no change in the entrainment
or impingement impacts. Consultation between DOE and the National Marine
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Fisheries Service has determined that SRP operations would have Xn) adverse
impacts on the endangered shortnose sturgeon, Acipenser brevirostrum (Oravetz,
1983). Biological impacts are discussed in Chapter 4.

Vegetation near the cooling tower would be subject to salt deposition attribu
table to drift from the tower. Cooling tower drift could 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 could
occur through various mechanisms. This stress 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 tissue; and/or (3) toxic effects due to specific ion concentrations in
the plants (Bernstein, I975; Hanes, Zelazny, and Blaser, 1970; Allison, l964;_
Levitt, 1980).

Tolerances and susceptibility to salt deposition are highly variable, depend
ing on the plant species and 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 (183
pounds) per acre per year of sodium chloride salt (INTERA, 1980). Studies
indicate that at sodium chloride deposition rates of about 4l kilograms (90
pounds) per acre per year, agricultural productivity can be reduced (Mulchi
and Armbruster, 1981).

The drift composition is equivalent to that of the circulating water. The
concentration of substances in the circulating water for this alternative is
shown in Table 3-3. The substance of particular interest with regard to its
potential for damage is the chloride ion. The other constituents in the table
are at low concentrations and considered negligible or are potentially
beneficial.

The implementation of this alternative would result in an estimated total sol
ids deposition of 0.5 kilogram (1.1 pounds) per acre per year within 2 kilome
ters of the cooling tower. The sodium chloride deposition rates from the
cooling tower are much less than the critical values reported by Mulchi and
Armbruster (1981), INTERA (1980), and NRC (1979) that can cause reduced pro
ductivity of plant species. Therefore, no significant impacts on vegetation
are expected with this alternative.

F.2.2 RECIRCULATING COOLING TOWERS

F.2.2.l Construction Impacts

Water Resources

The principal impacts to water resources in the Pen Branch floodplain/
wetlands during construction would be similar to those for described the
once-through cooling—tower alternative in Section F.2.l.l. Suspended solids
because of runoff erosion should be slightly lower, and a projected 50 acres
of upland habitat would be disturbed versus 25 acres for the once-through
cooling—tower alternative during construction activities.
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Biological Resources

Biological resource impacts would be similar to those associated with the con
struction of the once-through cooling tower (see Section F.2.l.1).

F.2.2.2 Operational Impacts

Water Resources

Implementation of this alternative would primarily affect water quality. As
with the once—through cooling tower alternative, effluent temperatures would
closely duplicate ambient temperatures, a positive impact. Under winter con
ditions, the average discharge temperature would be about l5“C, about 5“C
to 7°C above the ambient stream temperature. Dissolved oxygen levels would
improve if this alternative were implemented and would comply with State Class
B water classification standards throughout the year, a positive impact.
Nutrient concentrations would increase at the tower outfall under this
alternative, but total loading (quantity) of nutrients and other chemicals
transported to the swamp/river system would not increase.

Water consumption from the Savannah River would be reduced from about 11.3
cubic meters per second to about 1.7 cubic meters per second, a positive
impact.

The implementation of this action would result in greater reductions in
suspended solids and the sedimentation rates of the delta than the once
through alternative. The most significant reduction in sedimentation and
delta growth rate impacts would be from the reduction in stream flow rates, a
positive impact. Under this alternative, discharge flows would decrease from
11.3 cubic meters per second to about 0.6 cubic meter per second, and stream
channel depth and width would be reduced substantially. Operations would have
no measurable impact on the ability of the floodplain/wetlands to moderate
floods or groundwater recharge.

Biological Impacts

The most significant ecological impact would be the enhancement of wetland
habitat because of the reduced flow and thermal effects, a positive impact.
Vegetation would become reestablished on about 500 acres of the thermally
impacted 670 acres of wetlands and the vegetation loss rate associated with
the delta growth (26 acres per year, average 1974-1984) would be substantially
reduced.

Stream flows and temperatures would more closely follow ambient conditions and
would facilitate plant and animal diversity over present conditions, a

positive impact. Spawning conditions for indigenous and migratory fish
species would be greatly improved. With discharge temperatures similar to
ambient temperature, there would be no potential for cold shock during a
winter reactor shutdown. Changes in flow volumes, when they occur, would be
smaller than with other alternatives and would tend to ndnimize changes in
stream morphology. This should stabilize aquatic and wetland habitats.

Two species at SRP would be affected by this alternative. The impact on the
American alligator which is classified as "threatened due to similarity of
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appearance" should be positive (i.e., increased habitat). The decrease in
water flow would allow vegetation to become reestablished over a larger area
than the once—through alternative.

Fish and other vertebrates would be able to inhabit the stream channel,
providing potential foraging habitat for the endangered wood stork.
Fluctuations in water levels would decrease compared to those from the
once-through alternative. Consequently, the potential for fish populations
becoming concentrated in small pools, providing foraging habitat for the wood
stork, would decrease.

impacted
forest,

Through natural vegetative succession, a large area of the
floodplain/wetlands should eventually return to a closed—canopy
thereby providing food and cover for numerous species of wildlife.

Because the rate of entrainment for fish eggs and larvae is directly propor
tional to the water intake flow rate, entrainment losses would be proportion
ally reduced (approximately 85 percent). Estimated impingement losses would
also be reduced by a similar amount. Biological impacts are discussed in
Chapter h.

Implementation of this alternative would result in an estimated total solids
deposition of about 22.7 kilograms (50 pounds) per acre per year within 0.5
kilometers. At 2 kilometers, the predicted solids deposition is calculated to
be about 2.2 kilograms (5.0 pounds) per acre per year. Because the deposition
rates at 2 kilometers are much less than the critical values reported (see
Chapter h), no significant impacts on vegetation are expected at or beyond
this distance with this alternative.

F.2.3 N0 ACTION - EXISTING SYSTEM

F.2.3.l Operational Impacts

Water Resources

The impacts on water resources of the No—Action alternative are mostly nega
tive. The annual average flow in Pen Branch below the K-Reactor cooling water
discharge point would continue to be about 11.8 cubic meters per second, 11.3
cubic meters per second above natural stream flow. The thermal maximum
temperature tolerance for most aquatic and terrestrial species would continue
to be exceeded. The dissolved oxygen levels would continue to fall below
minimum South Carolina water classification standards during the summer.
Suspended solids and sedimentation rates for delta expansion would continue.
Stream morphology has been permanently altered because of approximately 30
years of discharge at 11.3 cubic meters per second. Because of this
alteration, continued operations would have little impact on the ability of
the Pen Branch floodplain/wetlands to moderate floods. Continued operations
would have little impact on the ability of the swamp floodplain/wetlands
adjacent to Pen Branch to nmderate floods because this is controlled by the
Savannah River (Q83 cubic meters per second of flow during flood stage).
Groundwater recharge in this area is primarily controlled by the Savannah
River. Water quality and hydrology impacts are discussed in Chapter h.
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Biological Resources

The impacts on biological resources of the no-action alternative are negative.
The flora along the creek would continue to be sparse, reflecting the harsh
temperature regime. Most aquatic invertebrates would remain absent from the
creek. Fish would not be able to inhabit the creek where their thermal maxi
mum temperature tolerance is exceeded, and the fish fauna above the thermal
discharge point would continue to be depauperate in number and diversity.
Limited use by threatened and endangered species in Pen Branch would continue
under existing conditions. Entrainment and impingement rates would remain at
the present level. Biological impacts are discussed in more detail in
Chapter 4.

F.3 FOUR MILE CREEK (C-REACTOR)

F.3.l ONCE—THROUGH COOLING TOWER (PREFERRED ALTERNATIVE)

F.3.1.1 Construction Impacts

Water Resources

The types of construction impacts of the once—through cooling tower for
C-Reactor on water resources and biological resources in Four Mile Creek would
be similar to those described for K-Reactor on Pen Branch (see Section F.2.1.1
and Chapter h).

F.3.l.2 Operational Impacts

Water Resources

The operational impacts of the once—through cooling tower for C-Reactor on
water resources would be similar to those described for K-Reactor on Pen
Branch (see Section F.2.l.2 and Chapter 4).

The cooling effect would be the same as that projected for Pen Branch in that
temperatures would meet the 32.2°C Class B water classification standard,
but would be 10°C to 13°C above ambient creek temperature at the point of
discharge during the winter.

Biological Resources

Operational impacts of the once-through cooling tower for C-Reactor on biolog
ical resources would be similar to those described for K—Reactor (see Section
F.2.1.2 and Chapter h). Vegetation would become reestablished on portions of
the 1147 acres of affected wetlands, and the vegetation loss rate in the swamp
of 28 acres per year due to thermal impacts would be reduced, a positive
impact. The implementation of this alternative would further enhance foraging
habitat for wood storks, a positive impact. The cooling tower would be
designed and operated to meet the requirements stipulated for MWAT for fish
survival during a winter shutdown (EPA, 1977; Muhlbaier, 1986); this would be
a positive impact.
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Deposition of cooling tower drift would be similar to that projected for the
once—through cooling tower alternative for K-Reactor [i.e., 0.5 kilogram (1.1
pounds) per acre per year within 2 kilometers]. Because these deposition
rates are much less than the critical values (see Chapter h), there would be
no impacts on vegetation with this alternative.

F.3.2 RECIRCULATING COOLING TOWERS

F.3.2.l Construction Impacts

Water Resources

The construction impacts of recirculating cooling towers for C-Reactor on
water resources and biological resources would be similar to those described
for K-Reactor on Pen Branch (see Section F.2.3.1). Sedimentation runoff
impacts should be similar (short—term) because projected disturbances (60
acres) approximate those for the K-Reactor recirculating cooling tower (50
acres).

F.3.2.2 Operational Impacts

The operational impacts of recirculating cooling towers for C-Reactor on water
resources and biological resources would be similar to those described for
K-Reactor on Pen Branch (see Section F.2.2.2 and Chapter h). It is estimated
that approximately 1000 acres of the thermally impacted l147 acres of wetland
vegetation would become reestablished, a positive impact.

The implementation of this alternative would result in an estimated total sol
ids deposition of 2.2 kilograms (h.8 pounds) per acre per year within 2.0
kilometers of the cooling towers. Because this rate at 2 kilometers is much
less than the critical threshold values reported that can cause reduced
productivity of plant species (see Section F.2.l.2 and Chapter h), no
significant impacts on vegetation are expected with this alternative.

F.3.3 NO ACTION — EXISTING SYSTEM

F.3.3.l Operational Impacts

The operational impacts of the no—action alternative on water resources and
biological resources are similar to those described for K—Reactor on Pen
Branch (see Section F.2.3 and Chapter h).

\

F.4 BEAVER DAM CREEK (D—AREA POWERHOUSE)

F.h.l INCREASED FLOW WITH MIXING (PREFERRED ALTERNATIVE)

F.h.l.l Construction Impacts

Existing structures would be used for increasing flow. Consequently, there
would be no construction or short—term impacts associated with this
alternative.
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F.h.1.2 Operational Impacts

Water Resources

Water quality monitoring studies have shown that temperature is the only Class
B water classification standard not currently being met and that the thermal
limits are exceeded only during the late spring and summer months (Du Pont,
1985). During summer extremes, discharges to the creek presently range from
32°C to 3h°C. Implementation of this alternative would reduce these
effluent temperatures sufficiently to meet State Class B water classification
standards. Potential impacts that could occur include small increases in
stream suspended solids caused by intermittently increased stream flow (i.e.,
increases in flow with average increments from 2.7 cubic meters per second to
h.0 cubic meters per second), depending on the number of additional pumps
needed to meet temperature requirements (see Chapter 2). Operations under
this alternative would have little impact on the ability of the
floodplain/wetlands to moderate floods or groundwater recharge, because these
activities are predominantly influenced by the Savannah River (Du Pont, 1985).

Biological Resources

Mean water temperatures at the mouth of Beaver Dam Creek would be about 4°C
and 1°C above ambient creek temperatures in the spring and summer,
respectively. Water temperatures would be about 7°C above ambient during
the winter. Increased flow during the spring and summer months would increase
aquatic habitat and should increase the abundance and diversity of fish and
macroinvertebrates. However, wildlife habitat would be temporarily reduced
during periods of increased pumping.

The increased flow would cause temporary increases in stream channel erosion
and would increase siltation. This increased siltation would generally occur
after peak spawning in May and June. However, during some years increased
flow could be required as early as May or June, a potentially negative
impact. Any increase in vegetation loss due to delta growth should be minimal
and offset by vegetation reestablishment and succession on previously impacted
thermal areas. A reversal in the pattern of the canopy loss is already being
observed. It is thought this pattern is because of a reduction in effluent
temperatures that began in 1978 and has continued (Du Pont, 1985).

The alligator, which is classified as "threatened due to similarity of
appearance," and the endangered wood stork could be affected by this
alternative. The Beaver Dam Creek area supports a large population of
alligators, and the mild thermal effluent during the winter probably enhances
the survivability of juvenile alligators. Implementation of this alternative
would have no impact on winter thermal effluent. Therefore, it should have no
impact on winter alligator populations. Intermittently increased flows during
the spring and summer would cause the water level in Beaver Dam Creek to
alternately rise and fall 12 to 19 centimeters (see Chapter 4). Water—level
increases less than or equal to 35 centimeters are not expected to affect
alligator nesting sites (Specht, 1985).

Wood storks frequently forage in the Beaver Dam Creek swamp, although feeding
habitat is marginal quality when compared to other areas at SRP (Du Pont,
1985). An increase in water levels of 12 to 19 centimeters could be too deep
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at times for foraging activities. Conversely, increased water levels could
prevent or delay potential foraging areas from drying up during droughts
because the Beaver Dam Creek foraging sites are not associated with the more
permanent wetlands found along primary and secondary creeks.

Entrainment losses would be approximately 2.0 x 106 fish eggs and larvae if
this alternative were implemented. Entrainment of the eggs and larvae of the
endangered shortnose sturgeon should not occur. This is due to the demersal
and adhesive nature of their eggs, as well as to the time of year shortnose
sturgeon spawn (February—March). Fish impingement on the 5G intake screens
would increase by 113 fish per year or to 1831 total fish per year.
Biological impacts are discussed in Chapter h and Appendix C.

F.h.2 DIRECT DISCHARGE TO SAVANNAH RIVER

F.h.2.1 Direct Impacts to Floodplains/Wetlands and Practicable Alternatives

Implementation of this alternative would temporarily disturb approximately
1 acre of floodplain/wetlands during construction. The overall operational
impact would be to return Beaver Dam Creek to its approximate original status
as an intermittent stream. Implementing this action would reduce
floodplain/wetland values because current operations enhance certain wildlife
values (see Section F.h.3.l and Chapter 4).

An alternative action that would achieve the intended thermal performance
standards but would minimize harm to or within the floodplain/wetlands is
described in Section F.h.l; the no—action alternative is described in Section
F.h.3. Because public access to and use of SRP are strictly controlled, no
individual or private property would be affected by this alternative. In
addition, no impact would directly or indirectly support floodplain
development. Neither would there be an impact on cultural resources,
agriculture, aquaculture, nor forestry resources as they relate to floodplain
values.

F.h.2.2 Construction Impacts

Water Resources

The principal direct impact to water resources in the Beaver Dam Creek
floodplain/wetlands during construction would be on water quality. A pipeline
would be constructed parallel to the existing intake pipe. This pipeline
would run from the D-Area powerhouse across the Beaver Dam Creek swamp to a
discharge point on the Savannah River below the cooling water intake struc
ture. The pipeline would cross approximately 1 acre of floodplain/wetlands.
The construction activities would result in a temporary increase in turbidity
and suspended solids. Construction impacts would have no measurable effect on
groundwater recharge or on the ability of floodplain/wetlands to moderate
floods.

Biological Resources

impact would be from sediment loading on fish and
When construction activities cease,

Wildlife

The principal indirect
micro—invertebrates in Beaver Dam Creek.
suspended solids levels should return quickly to ambient conditions.
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might be disturbed by the noise associated with construction activities. This
disturbance is short—term and noncumulative.

F.h.2.3 Operational Impacts

Water Resources

The principal direct impact to water resources in the Beaver Dam Creek
floodplain/wetlands would be to the decrease in stream flow from the present
average of 2.7 cubic meters per second to only 0.2 cubic meter per second.
Beaver Dam Creek and the adjacent swamp would essentially return to their
approximate original conditions, a wetland with an intermittent stream.
Periodic flooding would depend entirely on natural flooding from the Savannah
River and storm runoff after rains. Based on pump test data (Specht, 1985),
any flooding of Beaver Dam Creek because of storm runoff would have a short
duration. The water level in Beaver Dam Creek swamp would return to its
original level approximately 2h hours after the rainfall stopped.

Biological Resources

The most significant ecological impact would be a loss of nesting and foraging
habitat for wildlife. The implementation of this alternative would decrease
or eliminate nesting habitat for the American alligator and any thermal refu
gia that might have existed during the winter months. Foraging habitat for
the wood stork would be significantly decreased or eliminated. Beaver Dam
Creek would return to its approximate original condition as an intermittent
stream (Moyer, 1985), thus negatively impacting aquatic organisms.

Because the thermal effluent would be pumped directly to the Savannah River,
there would be a small thermal plume at the outfall structure. Because of the
small volume of mildly thermal effluent and the large volume of ambient river
water, there would be no thermal impact outside the mixing zone. There would
be a large zone of passage for all fish species, including the endangered
shortnose sturgeon. There would be no impact on the shortnose sturgeon from
entrainment and impingement with implementation of this alternative.

F.h.3 NO ACTION — EXISTING SYSTEM

F.h.3.l Operational Impacts

Water Resources

The flow of 2.7 cubic meters per second would continue. Water temperatures in
the creek and delta could reach 3h°C under extreme summer conditions.
Concentrations of dissolved oxygen would be somewhat lower than those in
unimpacted streams. Continued operations would have no measurable impact on
the ability of the floodplain wetlands to moderate floods or groundwater
recharge. Water resource impacts are discussed in Chapter h.

Biological Resources

The aquatic and terrestrial ecology of the creek would continue to be affected
by the thermal effluent but to a much lesser extent than that of Pen Branch or
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Four Mile Creek. Portions of Beaver Dam Creek would continue to show evidence
of revegetation and succession due to a slight decline in water temperatures
that began in the 1970s. The area around the creek would continue to provide
habitat for a dense population of alligators and foraging habitat for the wood
stork.
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APPENDIX G

RADIATION DOSE CALCULATION METHODS AND ASSUMPTIONS

The operation of alternative cooling water systems for the K— and C-Reactors
at the Savannah River Plant (SRP) would change the amount of radioactive mate
rials released to the environment. Cooling alternatives associated with the
D—Area would not cause any changes in radioactive releases to the environ
ment. This appendix describes the methods and assumptions used to (1) deter
mine the change in radiological impacts expected to result from the operation
of the cooling alternatives, and (2) determine the doses expected from the
operation of facilities on or within 80 kilometers of SRP without the imple
mentation of cooling alternatives (no action — existing conditions).

The cooling water alternatives for K— and C-Reactors that are considered in
this EIS are existing operation (no action), recirculating cooling towers, and
once—through cooling towers. For the once—through alternative, doses were
analyzed for gravity—flow, natural-draft cooling towers without holding
ponds. For the recirculating alternative, doses were analyzed for gravity
flow, natural-draft cooling towers pumped to mechanical-draft cooling towers
without holding ponds.

The implementation of a once-through or recirculating cooling—tower alter
native for K— and C-Reactors would change the amount of radionuclides released
to the environment. Because of an increase in evaporation from cooling
towers, a greater amount of tritium would be released to the atmosphere, re
sulting in a positive tritium source term. However, for liquid releases the
tritium source term would decrease by the same amount and, therefore, would be
considered a negative value. Also, the implementation of alternative cooling
water systems might cause a change in the rate of remobilization of radio
nuclides present in creek beds. Remobilization is discussed in Section G.2
and Appendix D.

Radioactive materials released to the environment generally become involved in
a complex series of physical, chemical, and biological processes. The prin
cipal pathways by which radioactivity released from a facility can reach peo
ple are (1) exposure to nuclides in the air, in the water, or on the ground,
(2) inhalation of radioactivity, and (3) ingestion of radioactivity in food
and water. Figure G—l shows these pathways.

The calculations of radiological doses to members of the public from these
various pathways are based on methods recommended by the U.S. Nuclear
Regulatory Commission (NRC) for licensing power reactors. However, the dose
conversion factors were taken from ICRP Publication 30 (ICRP, 1979). Esti
mates of doses are based on detailed analyses of the sources and rates of
radioactive releases and the pathways by which people can be exposed to dis
persed radioactive materials. The NRC methods are adapted to specific SRP
conditions.

In the calculation of doses, the dose-conversion factors for adults presented
in ICRP—30 were used. Dose factors for other age groups have not yet been
published by the ICRP. However, age—specific usage factors were used to
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calculate doses. The age groups considered were infant (0 to 1 year old),
child (1 to 11 years old), teen (11-17 years old), and adult (17 years old and
older).

Dose—conversion factors are provided in ICRP-30 for many organs. These fac
tors depend on the physical and chemical nature of the radionuclide. The
oral— and inhalation-dose conversion factors chosen for tritium presume it to
be in the form of tritiated water. Also, to account for tritium absorption
through the skin, the inhalation-dose conversion factor is increased by a fac
tor of 0.5. For all radionuclides released to the environment, an effective
whole--body-dose conversion factor was obtained by multiplying the individual
organ-dose conversion factors by the health—risk weighting factors presented
in ICRP—30 and summing the results.

Radiation doses are calculated for the maximally exposed individual. In addi
tion, collective radiation doses are calculated for the population within 80
kilometers of the Savannah River Plant and that population served by the
Beaufort—Jasper County and Cherokee Hill (Port Wentworth) water—treatment
plants.

G.l ATMOSPHERIC RELEASES

For airborne releases, annual average air concentration and ground deposition
per unit release (X/Q and D/Q) were calculated for each of 160 segments (16
wind-direction sectors at 10 distances) within an 80—kilometer radius of the
site and for the site boundaries, using the methods implemented in the NRC
computer program XOQDOQ (Sagendorf and G011, 1976). Site-specific meteoro
logical data were used to generate joint-frequency distributions (JFDs) of
wind speed, stability, and direction for input to XOQDOQ (Table G—1). These
stability windrose statistics were derived by l-hour averaging of data col
lected at the 6l-meter level of the SRP H-Area meteorological tower during the
5-year period from 1975 to 1979. Stability class was determined from the ob
served azimuthal and vertical standard deviations (Qgandq¢). Values of X/Q
and D/Q by compass sector and radial increment for ground—level and elevated
releases (using the windspeed measured at a height of 61 meters) are presented
in Tables G—2 and G—3, respectively. Flat terrain was assumed; no credit was
taken for plume rise induced by momentum or thermal effects.

The meteorological dispersion parameters obtained by running the XOQDOQ code
are used as input to the NRC GASPAR code (Eckerman et al., 1980), which imple
ments the radiological exposure models of Regulatory Guide 1.109, Revision 1
(NRC, 1977), to estimate doses from atmospheric exposure pathways to the ef
fective whole body and various organs. Dose-conversion factors presented in
ICRP—30 were input to the GASPAR code. Population distribution data and
milk—, meat—, and vegetable-production distribution data (Table G—b) for the
16 wind-direction sectors are also used as input to GASPAR for calculating the
collective dose to the regional population; the term ''regional population"
refers to those individuals residing within 80 kilometers of the Plant. Popu
lation data for the year 2000 are used in this analysis.

Source terms that are input to the GASPAR code and used in the calculation of
doses to the maximally exposed individual and the regional population are

TC
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Totalb
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O
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O

Table G—4.
SRP Centera
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16-32

5.

1
,

1
.

6.
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5.

1
:

2.
5.
15,
40,

589
118

218
783
203
778
452
766
080
264
553
496
575
778
701

822

92, 176

Distance (km)

MILK PRODUCTION

.03

.03

.22

.80

.80

.80

.21

.38

.31

.58

.87

.53

.81

.79

.03

.03

.08
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105
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105
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105

105

105

105
105X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

x 106

32-48 48-64

POPULATION

7,411 8,541
2,952 4,899
5,213 9,295
5,150 8,039
11,430 6,029
4.899 4,208
7,285 5,652
1,143 565
1,570 7,034
2,387 6,908
3,894 2,261
5,652 1,821
9,420 3,705
247,443 84,156
64.059 5.778
16,957 14,445

396,863 173,336

(liters/yr)

1.72 X 105 1.41 X 106
1.72 X 105 3.68 X 105
1.33 X 106 2.15 X 106
1.92 X 106 4.82 X 106
1.74 X 106 4.15 X 106
9.31 X 105 2.84 X 106
4.52 X 104 1.80 X 105
2.41 X 105 3.52 X 105
5.74 X 105 7.70 X 105
1.89 X 106 6.40 X 106
6.71 X 105 3.07 X 106
6.68 X 105 1.05 X 106
3.79 X 105 1.01 X 106
3.46 X 105 6.13 X 105
4.24 X 105 1.16 X 106
2.95 X 105 1.48 X 106

1.18 X 107 3.18 X 107

6
2
1
1
4

1
1

Population and Annual Food Production Within 80 Kilometers of the

4-80

0,725
7,585
2,435
4,590
9,672
4,333
9,797
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3,454
3,140
7,662
2,435
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4,899
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357,096
89,167
81,330

852,027

.28
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5.

SRP Centera (continued)

0-10

.32 X 104

.63 X 104

.37 X 104

.65 X 103

.10 X 103
50 X 101

29 X 103
06 x 104
.90 X 104
01 X 104
00 X 104
11 X 104

.01 X 105

.39 X 104

.09 X 104

.13 X 104

.25 X 104

.64 X 104

.44 x 102

.51 X 104

.01 X 104

23 X 104

22 X 104

00 X 104

00 X 104
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a.
b.
Adapted from Du Pont,
Ref1ects rounding.

1981, 1982.

16

.24

.24

.71

.02

.02

.02

.74

.35

.75

.57

.33

.75

.66

.75

.24

.24

.96

.65

.65

.71

.57

.57

.57

.73

.65

.36

.15

.20

.21

.86

.94

.65

.65

.05

Distance (km)

32 32-40 40-04

HEAT PRODUCTION (kg/yr)

X 105 0.73 X 105 1.41 X 106

X 105 0.73 X 105 2.29 X 106

X 105 7.00 X 105 1.71 X 106

X 105 5.50 X 105 0.07 X 105

X 105 4.74 X 105 0.89 X 105
X 105 4.60 X 105 0.14 X 105
X 105 3.82 X 105 0.50 X 105
X 105 4.35 X 105 0.19 X 105

X 105 4.50 X 105 7.32 X 105

X 105 3.93 X 105 1.13 X 106

X 105 2.01 X 105 5.70 X 105

X 105 2.00 X 105 3.09 X 105

X 105 1.19 X 105 2.91 X 105

X 105 1.09 X 105 1.70 X 105

X 105 0.90 X 105 5.83 X 105

X 105 0.20 X 105 7.14 X 105

X 106 7.83 X 106 1.34 X 107

VEGETABLE PRODUCTION (kg/yr)

X 105 7.75 X 105 2.10 X 106

X 105 7.75 X 105 1.10 X 106

X 105 1.00 X 106 1.59 X 106

X 106 2.09 X 106 2.21 X 106

X 106 3.01 X 106 2.72 X 106

X 106 3.82 X 106 3.44 X 106

X 106 4.97 X 106 4.70 X 106

X 106 3.71 X 106 5.01 X 106

X 106 1.69 X 106 2.50 X 106

X 106 1.33 X 106 1.00 X 106

X 105 1.33 X 106 1.81 X 106

X 105 1.31 X 106 1.00 X 106

X 105 3.17 X 105 1.10 X 106

X 105 1.70 X 105 4.89 X 104

X 105 1.59 X 106 4.20 X 106

X 105 1.25 X 106 5.70 X 106

X 107 3.00 X 107 4.22 X 107
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given in Chapter h for each of the cooling alternatives. For facilities on or
within 80 kilometers of SRP, the source terms were taken from supporting
documentation referenced in Section G.3.

To calculate collective doses to the regional population within 80 kilometers,
compass—sector average values of X/Q and D/Q are used. All atmospheric
releases are assumed to occur at the center of the site; the population and
agricultural production distributions were centered at the same points. These
are reasonable assumptions, given the absence of high population densities
near the release points. Collective doses for each year of operation were
calculated as the sum of the doses received during that year of operation,
plus residual doses for the next 100 years from radioactivity released during
that same year. The calculated collective dose is referred to as a l00-year
environmental dose commitment (EDC) per year of operation. (The EDC concept
is discussed later in this appendix.) The collective dose received by the
exposed offsite population is calculated by adding the individual dose commit
ments in the population. Parameters used in calculating the collective dose
to the 80—kilometer radius population are summarized in Table G—5.

The maximally exposed individual is assumed to reside continuously at the lo
cation on the Plant boundary with the highest potential exposure. This is
true for both current operating conditions and operations associated with the
implementation of cooling alternatives. For the latter, the reference release
points of radioactivity to the atmosphere are at the midpoint between the two
cooling alternative locations selected for each reactor (K and C). The
shortest distance from each of the reference release points to the Plant
boundary was calculated for each of the 16 cardinal directions. This method
was used to determine the highest boundary X/Q value, thus identifying the
location at which a member of the public would receive the highest dose.

All individual doses are 50-year dose commitments. Parameters used in calcu
lating doses to maximally exposed individuals are summarized in Table G—6.

The following exposure pathways were considered for the atmospheric dose
assessment:

1. Plume — External dose from radioactive nmterials transported through
the atmosphere

2. Ground — External dose from radioactive materials deposited on the
ground

3. Inhalation - Internal dose from inhalation of radioactive materials
transported through the atmosphere

h. Vegetation — Internal dose from consumption of crops that have been
contaminated by radioactive deposits from the atmosphere

5. Milk — Internal dose from consumption of milk from cows that consume
vegetation contaminated by radioactive deposits from the atmosphere

6. Meat — Internal dose from consumption of meat products from beef
cattle that consume vegetation contaminated by radioactive deposits
from the atmosphere
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Table G—5. Parameters and Demographic Data Used in Calculating
Collective Dose to the 80-Kilometer Population

Average individual parametersa Child Teen Adult

Inhalati0fl (ml/yr) 3700 0000 0000

Ingestionb
Cow's milk (1iter/yr) 170 200 110

Meat (kg/yr) 37 59 95

Leafy vegetables (kg/yr)° 10 20 30
Fruits, vegetables, and grains
(kg/yr) 200 2h0 190

External exposure
Transmission factor for
shielding by residential
structures 0.5 0.5 0.5

Demographic data, CY 2000d
80-kilometer residential population
(852,000) age-group distribution 20.8 ll.8- 67.4

a. Data are recommended values from Regulatory Guide 1.109 (NRC,
1977).

b. Foodstuff obtained at large from the 80-kilometer agricultural
production of man's foods; any insufficiency is assumed to be
imported (uncontaminated). Crop yield and animal feeding data
for the 80-kilometer vicinity are presented in Du Pont (1981).

c. Data from Eckerman et al. (1980).
d. 1970 census data projected to the assumed midpoint of opera
tions.

The dose to the maximally exposed individual and collective doses to the popu
lation within 80 kilometers of SRP from atmospheric radioactive releases from
once-through and recirculating cooling towers for K— and C--Reactors are pre
sented in Tables G—7 through G—14. Section G.3 discusses doses from facili
ties on or within 80 kilometers of the Plant.

G.2 LIQUID RELEASES

The LADTAP II computer code (Simpson and McGill, 1980) was used to calculate
radiation exposures due to liquid releases; LADTAP II implements the dose
models recommended in NRC Regulatory Guide 1.109, Revision 1 (NRC, 1977).
Both maximum—individual and collective doses were calculated as functions of
age group and pathway for various body organs. An effective whole-body dose
was also calculated.

During operation of the reactors and associated facilities at SRP (existing
operations), liquids are released that ultimately discharge into the Savannah
River. Included in these releases are radionuclides from reactors and support
facilities, and from remobilization from stream beds. The primary radio
nuclides remobilized is cesium—137 (DOE, 198hb). (Refer to Appendix D.)
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Table G—6. Parameters Used in Calculating Dose to Maximally
Exposed Individualsa

Parameter Infant Child Teen Adult

Inhalation (ml/yr) 1400 3700 8000 8000
Ingestionb
Cow's milk (1iter/yr) 330 330 h00 310

Meat (kg/yr) 0 hl 65 ll0
Leafy vegetables (kg/yr)c O 26 h2 6h
Fruits, vegetables, and grains
(kg/yr)“ 0 520 630 520

External exposure
Transmission factor for
shielding from buildings 0.7 0.7 0.7 0.7

a. Data are recommended values from Regulatory Guide l.l09 (NRC,
1977).

b. Foodstuff produced at the reference family's location, except as
noted, where exposure to the air—released radionuclides is at a
maximum. Crop yield and animal feeding parameters are presented
in Du Pont (1981).

c. Seventy—five percent taken from reference family's garden
(March—November growing season); remainder imported
(uncontaminated).

d. Seventy—six percent taken from reference family's crops
(Regulatory Guide 1.109 recommended value) (NRC, 1977);
remainder imported (uncontaminated).

The routine operation of cooling water systems for K— and C--Reactors would
result in either no change or a decrease in the remobilization of radio
nuclides to the Savannah River. This is because flow rates in Four Mile Creek
and Indian Grave/Pen Branch would remain essentially unchanged if once
through cooling towers were implemented, and would decrease if recirculating
cooling towers were implemented. The routine operation of the cooling water
alternative systems for D-Area would produce an insignificant increase in re
mobilization of radionuclides from Beaver Dam Creek because the creek bed con
tains insignificant amounts of radionuclides.

The following exposure pathways were considered in the liquid-dose
assessments:

1. Drinking water — Internal dose from consumption of drinking water
from the Savannah River containing radioactive materials transported
by the river

2. Sport and commercial fish — Internal dose from consumption of fish
from the Savannah River
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Table G—7. Increase in Annual Dose to Maximally Exposed Individual from
Increased Release of Tritium to the Atmosphere, Millirem per
Year (Once-Through Cooling Tower for K-Reactor)

Pathway All soft tissues Effective whole body

ADULT

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 5.28 x 10-5 h.49 x l0-S
Meat ingestion 7.86 x l0X6 6.68 x 10-6
Milk ingestion 1.85 X l0“5 1.57 X 10"
Inhalation a.a3 X 10-5 3.77 X 10"
Total 1.23 X 10-“ 1.05 X 10"

TEEN

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 6.08 x 10-5 5.17 x l0-5
Meat ingestion h.65 X 10*6 3.95 X 10-6
Milk ingestion 2.33 X 10" 2.02 X 10"
Inhalation h.43 X 10" 3.77 X lo-‘
Total l.3h X 10“‘ l.14 X 10-“

CHILD

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion h.9h X 10" 4.20 X 10"
Meat ingestion 2.93 X 10" 2.49 X 10-6
Milk ingestion 1.97 X l0" 1.67 X l0-f
Inhalation 2.0h X 10-5 l.7h X 10"
Total 9.2h X 10-5 7.86 X 10"

INFANT

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 0.0 0.0
Meat ingestion 0.0 0.0
Milk ingestion 1.97 X 10*’ 1.67 X lo-‘
Inhalation 7.7a X 10-6 6.59 X 10-‘
Total 2.7h X lo-’ 2.33 X 10"
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Table G—8. Increase in Annual Dose to Maximally Exposed Individual from
Increased Release of Tritium to the Atmosphere, Millirem per
Year (Once—Through Cooling Tower for C-Reactor)

Pathway All soft tissues Effective whole body

ADULT

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 5.44 x 10-5 h.62 x 10-5
Meat ingestion 8.10 X 10" 6.89 2 10"
Milk ingestion 1.90 X 10" 1.62 2 10"
Inhalation 4.56 X 10" 3.87 x 10"
Total 1.27 2 10" 1.08 X 10-“

TEEN

Plume imersion 0.0 0.0
Ground plane 0.0 0.0
vegetation ingestion 6.26 x 10" 5.32 X 10-‘
Meat ingestion 4.78 X 10" 4.06 X 10"
Milk ingestion 2.45 2 10" 2.08 X 10"
Inhalation 4.56 2 10" 3.87 X 10-5
Total 1.37 2 10" 1.17 X 10-“

CHILD

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 5.09 x 10-5 h.33 x 10-5
Meat ingestion 3.02 x 10-6 2.57 x 10-6
Milk ingestion 2.02 2 10" 1.72 2 10-5
Inhalation 2.10 2 10" 1.79 X 10"
Total 9.51 X 10" 8.09 2 10-‘

INFANT

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 0.0 0.0
Meat ingestion 0.0 0.0
Milk ingestion 2.02 X 10-5 1.72 x 10"
Inhalation 7.97 X 10" 6.77 2 10"
Total 2.82 X 10" 2.40 X 10"
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Table G—9. Increase in Annual Dose to Maximally Exposed Individual from
Increased Release of Tritium to the Atmosphere, Millirem per
Year (Recirculating Cooling Towers for K-Reactor)

Pathway All soft tissues Effective whole body

ADULT

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 4.48 x 10-4 3.80 x 10-4
Meat ingestion 6.68 x 10-5 5.67 x 10-5
Milk ingestion 1.57 X 10-X 1.33 X 10-‘
Inhalation 3.77 X 10-‘ 3.21 X 10-“
Total 1.05 X 10-‘ 0.92 X 10-‘

TEEN

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 5.15 x 10-4 4.39 x 10-4
Meat ingestion 3.93 x 10-5 3.35 x 10-5
Milk ingestion 2.02 X 10-“ 1.72 X 10-‘
Inhalation 3.77 X 10-‘ 3.21 X 10-“
Total 1.13 X 10-’ 9.55 X 10-“

CHILD

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 4.20 X 10-“ 3.50 X 10-“
Meat ingestion 2.40 X 10-’ 2.11 X 10-’
Milk ingestion 1.57 X 10-‘ 1.42 X 10-‘
Inhalation 1.7h X 10-‘ 1.40 X 10-‘
Total 7.07 X 10-‘ 5.59 X 10-“

INFANT

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 0.0 0.0
Meat ingestion 0.0 0.0
Milk ingestion 1.57 X 10-‘ 1.42 X 10-‘
Inhalation 5.55 X 10-’ 5.57 X 10-’
Total 2.32 X 10-‘ 1.90 X 10-‘
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Table G-l0. Increase in Annual Dose to Maximally Exposed Individual from
Increased Release of Tritium to the Atmosphere, Millirem per
Year (Recirculating Cooling Towers for C--Reactor)

Pathway

Plume immersion
Ground plane
Vegetation ingestion
Meat ingestion
Milk ingestion
Inhalation
Total

Plume immersion
Ground plane
Vegetation ingestion
Meat ingestion
Milk ingestion
Inhalation
Total

Plume immersion
Ground plane
Vegetation ingestion
Meat ingestion
Milk ingestion
Inhalation
Total

Plume immersion
Ground plane
Vegetation ingestion
Meat ingestion
Milk ingestion
Inhalation
Total

All soft tissues

ADULT

4.62 X 10-“
6.88 X 10"
1.62 X 10-“
3.86 X 10"

X1.08 10-‘

Effective whole body

0

0

3.93 10"
5.8h 10"
1.37 10X“

3.27 10-“
9.15 10"
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4.51 x
3.46 x
1.78 X 10"
3.27 x
9.91 x

3.68 10-‘
2.17 10-‘
1.46 10"
1.52 10-‘
6.87 10-“
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1.46 X 10"
5.75 X 10-’
2.03 X 10-“
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Table G—ll. Increase in 80-Kilometer Collective Dose from Increased
Release of Tritium to the Atmosphere, Person-Rem per
Year (Once—Through Cooling Tower for K-Reactor)

Pathway All soft tissues Effective whole body

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 1.59 x 10-3 1.35 x 10-3
Meat ingestion 3.03 x 10-4 2.58 x 10-4
Milk ingestion 3.85 X 10-? 3.21 X 10-“
Inhalation 3.51 X 10" 3.03 X 10"

Total 5.85 X 10" 4.91 X 10"

Table G—12. Increase in 80-Kilometer Collective Dose from Increased
Release of Tritium to the Atmosphere, Person-Rem per
Year (Once-Through Cooling Tower for C-Reactor)

Pathway All soft tissues Effective whole body

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 1.59 x 10-3 1.35 x 10-3
Meat ingestion 3.03 x 10-“ 2.58 x 10-4
Milk ingestion 3.85 X 10" 3.21 X 10-“
Inhalation 3.51 X 10" 3.03 X 10-‘

Total 5.85 X 10-’ 4.91 X 10"

3. Salt—water invertebrates — Internal dose from consumption of shell
fish from estuaries of the Savannah River

4. Recreation — External dose from recreational activities on or along
the Savannah River shoreline

All individual and collective doses were based on the assumption that liquids
discharged are mixed completely in the river- before reaching the potential
exposure pathways. This assumption is supported by measurements that indicate
complete mixing of the liquids before they reach the Highway 301 bridge. A
dilution factor of 3 was applied to the shellfish dose calculation because a
significant portion of the harvest would be from estuarine or ocean waters.

Individual and site parameters used in the calculations are summarized in
Tables G—15 and G—16. The data on fish consumption are based on data from the
region.
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Table G—13. Increase in 80-Kilometer Collective Dose from Increased
Release of Tritium to the Atmosphere, Person-Rem per
Year (Recirculating Cooling Towers for K-Reactor)

Pathway All soft tissues Effective whole body

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 1.35 x 10-2 l.l5 x 10-2
Meat ingestion 2.57 X 10" 2.18 X 10"
Milk ingestion 3.20 X 10" 2.70 X 10"
Inhalation 3.03 X 10" 2.59 X 10"

Total 4.90 X 10-Z 4.22 X 10-2

Table G—l4. Increase in 80-Kilometer Collective Dose from Increased
Release of Tritium to the Atmosphere, Person-Rem per
Year (Recirculating Cooling Towers for C--Reactor)

Pathway All soft tissues Effective whole body

Plume immersion 0.0 0.0
Ground plane 0.0 0.0
Vegetation ingestion 1.35 x 10-2 l.15 x 10-2
Meat ingestion 2.51 X 10" 2.10 X 10"
Milk ingestion 3.20 X 10" 2.70 X 10"
Inhalation 3.03 X 10" 2.59 X 10"

Total 4.90 X 10" 4.22 X 10*’

The individual who would receive the maximum potential dose from liquid re
leases is assumed to live near the Savannah River downstream from SRP. It is
assumed this individual uses river water regularly for drinking, consumes
river fish, and receives external exposure from shoreline activities.

The collective doses received by the offsite population as a result of liquid
releases is estimated by summing the doses to the individuals in the popula
tion. The population within an 80-kilometer radius uses no river water for
domestic purposes downstream from SRP. It is assumed this population uses the
river for recreational purposes and consumes fish and shellfish from the river
and its estuary.

There is no known human consumption of Savannah River water up to a distance
of about 160 kilometers downstream from SRP. At this distance, Beaufort and
Jasper Counties, South Carolina, will pump water from the river for treatment
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Table G-15. Individual Parameters Used in Dose Calculations

Parameters Child Teen Adult

AVERAGE INDIVIDUALa

Water consumption (1iter/year) 260 260 370

Fish consumption (kg/yr) 3.6 8.5 11.3
Other seafood consumption (kg/yr) 0.33 0.75 1.0
Shoreline recreation (hr/yr) 9.5 h7 8.3
Shoreline recreation (person-hours) -- —— 200,000

MAXIMUM INDIVIDUAL

Water consumption (1iter/yr)b 510 510 730

Fish consumption (kg/yr) 11.2 25.9 3h

Other seafood consumption (kg/yr) 1.7 3.8 5

Shoreline recreation (hr/yr) 14 67 20

a. For collective dose calculations.
b. Drinking—water consumption for an infant equals 330 liters per year.

Table G—16. Site Parameters Used in Dose Calculations

Parameters Values

River flow rate (ml/s)
Average (m‘/s) 29h

Low flow (ma/s) 173

River dilution in estuary 3

Transit time to river (hr) 2h

Transit time, SRP to water—treatment plants (hr) 72

Water—treatment time (hr) 2h

Aquatic food harvest (kg/yr)
Fish——sport 90,700
Fish——commercial 31,800
Invertebrates——salt water 299,000
Irrigation None

Shore—width factor 0.2
Population in year 2000a
Beaufort—Jasper water consumers l17,000
Port Wentworth water consumers 200,000
80-kilometer—radius population 852,000

a. Age distribution of population:
l0 percent teen,
adult;
percent adult.

69 percent adult;
Beaufort—Jasper——2l percent child,
Port Wentworth——l00

80-kilometer radius——21 percent child,
percent

ll percent teen, 68
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and service to about 117,000 people in the year 2000. Several kilometers far
ther downstream, the Cherokee Hill water—treatment plant draws water from the
river to supply a business—industrial complex near Savannah, Georgia. This
water is not used for normal domestic service, but it is assumed that about
200,000 people will use this water during the year 2000 (DOE, 198ha).
Although these population groups are beyond the 80-kilometer radius, collec
tive doses from drinking—water for these groups have been included in this
document. All population doses are l00-year environmental dose commitments.

The doses to the maximally exposed individual and collective dose from liquid
radioactive releases from once—through and recirculating cooling—towers for
K— and C--Reactors are presented in Tables G—17 through G—28. Section G.3 dis
cusses doses from facilities on or within 80 kilometers of SRP.

G.3 CUMULATIVE EFFECTS

The evaluation of the radiological impacts associated with the implementation
of the alternative cooling water systems has also considered the cumulative
effects of the operation of all other nuclear facilities in the affected re
gion. This region includes SRP and the area within 80 kilometers of the
Plant. These cumulative effects are summarized in Section 4.4.

Impacts for the following nuclear facilities, which represent existing and
planned operations, have been considered in the calculation of cumulative
effects:

0 Four onsite production reactors (L, P, K, and C) using current cooling
water systems, and associated support facilities

0 The Defense Waste Processing Facility (DWPF) under construction at
S-Area on the Plant

0 The Fuel Materials Facility (FMF) under construction at F-Area on the
Plant

0 The Fuel Production Facility (FPF) to be constructed at H-Area on the
Plant

0 The Vogtle Electric Generating Station (VEGS) under construction across
the Savannah River from the southwestern boundary of the site

The maximum individual and collective doses associated with each of these
facilities are presented in Tables G—29, G—30, G—31, and G—32. These repre
sent basecase doses. Information necessary for these dose calculations was
derived from supporting environmental documentation available for each facil
ity (DOE, 1982a,b; 198ha; Du Pont, 1983; Georgia Power Company, 1985).

To obtain the cumulative impact of the operation of nuclear facilities in the
region, including the alternative cooling water systems, the changes in doses
associated with operation of the cooling water systems (Tables G—7 through

G—2h



Table G—17. Decrease in Annual Dose to Maximally Exposed Individual from
Reduced Release of Tritium to Indian Grave/Pen Branch,
Millirem per Year (Once—Through Cooling Tower for K-Reactor)

Pathway All soft tissues Effective whole body

ADULT

Fish 1.04 X 10-’ 8.8h X 10-‘
Drinking 2.47 X 10X“ 2.10 X 10"

Total 2.58 X 10-“ 2.19 X 10"

TEEN

Fish 7.90 X 10" 6.72 X 10"
Drinking 1.73 X 10-“ 1.a7 X 10-“

Total 1.81 X 10-‘ 1.5a X 10-“

CHILD

Fish 3.42 X 10" 2.91 X 10-6
Drinking 1.73 X 10-‘ 1.a7 X 10-“

Total 1.76 X 10-“ 1.50 X 10"

INFANT

Drinking 1.12 X 10-X 9.52 X 10-‘

Total 1.12 X 10-“ 9.52 X 10"

G-14 and G—l7 through G—28) must be combined with the existing doses. These
cumulative doses are presented in Tables G—33 through G—38.

G.4 ENVIRONMENTAL DOSE COMITMENT CONCEPT

Man can receive doses externally from radioactive materials outside the body
or internally from the intake of radioactive material by inhalation or inges
tion. Radionuclides that enter the body are distributed to various organs and
are removed by normal biological processes and radioactive decay. The rate at
which each radionuclide is removed from the body depends on its chemical,
physical, and radiological properties. Historically, dose calculations have
included an accounting of doses resulting from the fraction of radionuclides
retained in the body for 50 years following the year of intake. This 50-year
integrating period is included in the dose-commitment factors used in these
dose calculations.
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Table G—18. Decrease in Annual Dose to Maximally Exposed Individual
from Reduced Release of Tritium to Four Mile Creek,
Millirem per Year (Once-Through Cooling Tower for
C-Reactor)

Pathway All soft tissues Effective whole body

ADULT

Fish 1.0a X 10" 8.8h X l0-°
Drinking 2.a7 X 10-‘ 2.10 X 10"

Total 2.58 X 10-“ 2.19 X 10"

TEEN

Fish 7.90 X 10-‘ 6.72 X 10-‘
Drinking 1.73 X 10*“ 1.a7 X 10“

Total 1.81 X 10" 1.5a X 10-‘

CHILD

Fish 3.a2 X 10" 2.91 X 10-6
Drinking 1.73 X 10" 1.a7 X 10-“

Total 1.76 X 10" 1.50 X 10-‘

INFANT

Drinking 1.12 X 10“ 9.52 X 10"

Total 1.12 X 10“ 9.52 X 10"

Similarly, radioactive material released in any year remains in the environ
ment for varying lengths of time, depending on many environmental factors and
on the decay rate of each radionuclide. The environmental-dose-commitment
(EDC) concept is employed to account for this residual activity.

The EDC concept has been developed by the U.S. Environmental Protection Agency
(EPA, 197h). EPA has defined the environmental dose commitment as "the sum of
all doses to individuals over the entire time period the material persists in
the environment in a state available for interaction with humans." The EPA
report describes how this concept is implemented and presents some sample cal
culations. These calculations integrate doses for 100 years following radio
nuclide release rather than "the entire time period." This l00-year inte
grating period is distinct from the 50-year integrating period discussed above
because it deals with the accumulation of doses from residual radioactivity in
the environment rather than in the body.
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Table G—19. Decrease in Annual Dose to Maximally Exposed Individual from
Reduced Release of Tritium to Indian Grave/Pen Branch, Millirem
per Year (Recirculating Cooling Towers for K-Reactor)

Pathway All soft tissues Effective whole body

ADULT

Fish 8.81 2 10-5 7.48 X 10"
Drinking 2.09 x 10" 1.78 X 10"

Total 2.18 X 10" 1.85 X 10*‘

TEEN

Fish 6.72 2 10" 5.70 X 10"
Drinking 1.47 2 10" 1.25 2 10-’

Total 1.53 X 10" 1:31 X 10"

CHILD

Fish 2.90 2 10" 2.47 X 10"
Drinking 1.47 2 10-‘ 1.25 2 10"

Total 1.50 X 10" 1.27 X 10"

INFANT

Drinking 9.48 X 10" 8.06 X 10-“

Total 9.48 2 10" 8.06 2 10"

This analysis uses the l00-year integrating period. All collective dose cal
culations include an accounting of collective dose resulting from environ
mental radioactivity levels for 100 years following each year's release. The
l00-year period provides meaningful results by accounting for impacts over a
period of time about equal to the maximum lifetime of an individual; thus, it
provides a measure of risk to an individual. Longer integrating periods or an
infinite time integral would require extremely speculative predictions.

For all EDC calculations, no attempt was made to predict changes in environ
mental characteristics. Population size and distribution were based on esti
mates for the year 2000. Historical meteorological patterns and conditions
were assumed to continue, and food production and consumption patterns were
assumed to be static.
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Table G—20. Decrease in Annual Dose to Maximally Exposed Individual from
Reduced Release of Tritium to Four Mile Creek, Millirem per
Year (Recirculating Cooling Towers for C-Reactor)

Pathway All soft tissues Effective whole body

ADULT

Fish 0.01 X 10-’ 7.40 X 10-5
Drinking 2.09 X 10-’ 1.70 X 10-’

Total 2.10 X 10-‘ 1.05 X 10-’

TEEN

Fish 5.72 X 10-’ 5.70 X 10-’
Drinking 1.47 X 10-’ 1.25 X 10-’

Total 1.53 X 10-’ 1.31 X 10-‘

CHILD

Fish 2.90 X 10-‘ 2.47 X 10-’
Drinking 1.47 X 10-‘ 1.25 X 10"

Total 1.50 X 10-’ 1.27 X 10-’

INFANT

Drinking 9.40 X 10-“ 0.05 X 10-‘

Total 9.40 X 10-‘ 0.05 X 10-‘

G.5 RADIATlON—INDUCED HEALTH EFFECTS

Radiation can affect human health by causing cancer, genetic disorders, and
other health problems. The Committee on the Biological Effects of Ionizing
Radiation (BEIR) of the National Academy of Sciences has published a detailed
review of available data on radiation—induced health effects (BEIR, 1980).
This report (BEIR III) uses a variety of methods and data to quantify the
health impacts of low levels of radiation. Its estimates of health risk asso
ciated with radiation exposure have been used to quantify the possible changes
in radiation—induced health effects that might be caused by operation of the
cooling water systems. These potential health effects are discussed in Chap
ter 4.

The International Commission (Ml Radiological Protection provides risk esti
mates for radiation exposure in ICRP Publication 26 (ICRP, 1977). These risk
estimates for cancer mortality are generally consistent with BEIR III.
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Table G—23. Decrease in Collective Dose from Reduced Tritium Release
to Indian Grave/Pen Branch, Person-Rem per Year (Once
Through Cooling Tower for K-Reactor)

Pathway All soft tissues Effective whole body

Drinking water
Beaufort—Jasper 1.33 x 10-2 l.13 x 10X2
Port Wentworth 2.51 x 10-2 2.13 x l0_2

Total 3.04 X 10-’ 3.20 X 10-2

Sport fish 2.72 X 10-‘ 2.31 X 10-’
Commercial fish 1.73 X 10-‘ 1.41 X 10-‘
Shellfish 5.32 X 10-” 4.52 X 10-“

Total 2.90 X 10-’ 2.40 X 10-5

Grand total 3.04 X 10-’ 3.20 X 10-2

Table G—2h. Decrease in Collective Dose from Reduced Tritium
Release to Four Mile Creek, Person-Rem per Year
(Once—Through Cooling Tower for C--Reactor)

Pathway All soft tissues Effective whole body

Drinking water
Beaufort—Jasper 1.33 x 10-2 l.13 x 10-2
Port Wentworth 2.51 X 10-2 2.13 X 10-’

Total 3.04 X 10-‘ 3.20 X 10-’

Sport fish 2.72 X 10-’ 2.31 X 10-5
Comercial fish 1.73 X 10-6 1.41 X 10-‘
Shellfish 5.32 X 10-“ 4.52 X 10-“

Total 2.90 X 10-‘ 2.40 X 10-’

Grand total 3.04 X 10-2 3.20 X 10-2
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Table G—25. Decrease in Collective Dose from Reduced Tritium
Release to Indian Grave/Pen Branch, Person-Rem per
Year (Recirculating Cooling Towers for K-Reactor)

Pathway

Drinking water
Beaufort—Jasper
Port Wentworth

Total

Sport fish
Commercial fish
Shellfish

Total

Grand total

Table G-26.

All soft tissues

10“
10-‘

10-‘

10:‘

10"

10"

10"

Effective whole body

2.78

1.96
1.25
3.8h

2.09

2.78

10-2
10"

10"

10"
10-‘
10"

10-‘

10"

Decrease in Collective Dose from Reduced Tritium
Release to Four Mile Creek, Person—Rem per Year
(Recirculating Cooling Towers for C-Reactor)

Pathway

Drinking water
Beaufort—Jasper
Port Wentworth

Total

Sport fish
Commercial fish
Shellfish

Total

Grand total

The total cancer risk for all organs reported in ICRP—26
in BEIR III.rem, compared to 1.20 x 10-4

3.27

2.30
l.h7
h.52

2.45

3.27

reported

All soft tissues

10"
10"

10"

10"
10"
10"

10"

10"

Effective whole body

N

X

X

N

However,

10"
10"

10"

10"
10-’
10-’

10-‘

10"

is 1.25 X 10“
the genetic

per

risk estimate reported in ICRP—26 is about three times lower than that of BEIR
III.
is a mor; recent and comprehensive evaluation of

BEIR III risk estimates were used in this analysis because (1) BEIR III
radiation—induced health

effects and (2) BEIR III results in higher estimates of total risk.
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Table G—33. Effective Who1e-Body Doses to the Maximally Exposed
Individual from Cumulative Atmospheric Releases,
Comparison of Cooling Alternatives (Millirem per Year)

Cooling alternative Adult Teen

Present cooling system 1.18 1.22
0nce-through cooling towers 1.18 1.22
(K— and C-Reactors)
Recirculating cooling towers 1.18 1.22
(K— and C-Reactors)

Table G—3h.

Child Infant

1.08 6.15 X 10"
1.08 6.15 X 10-‘

1.08 6.15 X 10"

Effective Whole-Body Doses to the Maximally Exposed
~ Individual from Cumulative Liquid Releases to Savannah
River, Comparison of Cooling Alternatives (Millirem
per Year)

Cooling alternative Adult Teen

Present cooling system 2.07 l.h2
Once—through cooling towers 2.07 1.h2
(K— and C-Reactors)
Recirculating cooling towers 1.88 1.27
(K— and C-Reactors)

Table G—35.

Child Infant

8.60 X 10-‘ 3.29 X 10“
8.60 X 10" 3.29 X 10"

7.95 X 10" 3.27 X 10“

Effective Whole-Body Doses to the Maximally Exposed
Individual from Cumulative Atmospheric and Liquid Releases,
Comparison of Cooling Alternatives

Cooling alternative Adult Teen

Present cooling system 3.25 2.6h
0nce-through cooling towers 3.25 2.64
(K— and C-Reactors)
Recirculating cooling towers 3.06 2.49
(K— and C-Reactors)

The BEIR III report identifies three categories of radiation—induced human

and (3) somatic effects
The committee believes cancer induction is the most impor

In this context,

health effects: (1) cancer,
other than cancer.
tant effect of low-dose radiation.

(2) genetic disorders,

(Millirem per Year)

Child Infant

1.94 9.44 X 10"
1.94 9.44 X 10"

1.88 9.42 X 10"

"low dose" refers 110

BC—22

BC—22

G—h7



BC-22

BC—22

Table G—36. Comparison of 80-Kilometer Collective Dose from Increased Release
of Tritium to the Atmosphere with Present Cooling Systems: Once

Through Cooling Towers for K— and C-Reactors and Recirculating
Cooling Towers for K— and C-Reactors (Person-Rem per Year)

Cooling alternative Effective whole body

Present cooling systems (no action) 4.91 x 10l
Once-through cooling towers 4.91 x l0X
Recirculating cooling towers h.92 x 10X

Table G—37. Comparison of Collective Dose from Reduced Liquid Releases to
Savannah River with Present Cooling Systems: Once-Through
Cooling Towers for K— and C-Reactors and Recirculating
Cooling Towers for K— and C-Reactors (Person-Rem per Year)

Cooling alternative Effective whole body

Present cooling systems (no action) 3.15 x 101
Once-through cooling towers 3.14 x 10X
Recirculating cooling towers 3.03 x 101

Table G—38. Comparison of Collective Dose from Increased Atmospheric Releases
and Reduced Liquid Releases with Present Cooling Systems: Once

Through Cooling Towers for K— and C-Reactors and Recirculating
Cooling Towers for K— and C-Reactors (Person-Rem per Year)

Cooling alternative Effective whole body

Present cooling systems (no action) 8 O

Once-through cooling towers 8.05 x 10X
Recirculating cooling towers 7 9

doses as high as a few rads per person per year. Natural background radiation
ranges from 0.1 to 0.2 rad per person per year. Genetic effects of low—level
radiation have been well documented and are addressed in detail in the BEIR
III report. Somatic effects other than cancer include cataract induction and
fertility impairment. The BEIR III report concludes that 1ow-dose exposure of
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human populations does not increase the risk of somatic effects other than
cancer and developmental changes in unborn children. The report also indi
cates that developmental changes in unborn children are probably not caused by
radiation at or below natural background levels. For these reasons, only
cancer and genetic disorders are considered in this analysis.

Cancer data from the Japanese survivors of atomic bomb blasts are used in most
of the analyses in the BEIR III report. A major question addressed by the
BEIR III report is how to extrapolate the cancer risks observed at the rela
tively high dose rates down to the lower dose rates caused by most nuclear
facilities. The BEIR III report adopted a parametric family of functions to
complete this extrapolation. The linear model represents an upper limit or
maximum risk; the linear—quadratic model, an intermediate or probable risk;
and the quadratic model, a low—limit or minimum risk. These functions have
been suggested by the report for low linear energy transfer (LET) radiation.
This type radiation includes gamma and X—radiation and electrons (beta parti
cles). High—LET radiation includes alpha particles encountered in the decay
of radionuclides in the natural uranium decay chain. The BEIR III report
states that for High—LET radiation, "the linear hypothesis is less likely to
lead to over estimates of risk and may, in fact, lead to underestimates." The
linear model would, therefore, represent the best estimate for probable risk
from this type radiation.

One radiation—induced cancer characteristic is that it takes a long time to
develop, known as the latent period. Leukemia has a characteristically short
latent period (1ess than 25 years), while other cancers can have latent peri
ods for as long as the life span of an individual. Because only about 35
years of cancer data have been collected on the survivors of atomic bomb
blasts, the data do not account for all the cancers that might develop because
of the bombs’ radiation. Two projection models have been developed to account
for these future cancer deaths: (1) the absolute risk projection model, which
assumes that the cancer rate (risk per year) observed since the atomic bomb
blasts will continue throughout the life spans of those exposed; and (2) the
relative-risk model, which assumes the excess radiation—induced risk is pro
portional to the natural incidence of cancer with age. The relative-risk
model results in cancer—risk estimates greater than those predicted by the
absolute model. However, the BEIR III report states that the absolute model
is generally more applicable to most forms of cancer. The cancer—risk esti
mates used represent an average of those calculated using the absolute- and
relative-risk models.

Only low—LET radiation is associated with the changes of radioactivity
released to the environment resulting from the implementation of the alter
native cooling water systems. For existing operations, the contribution of
high—LET radiation has been found to be much less than that from low—LET radi
ation.

Health—effects estimators for low—LET radiation were derived for use in esti
mating health effects based on an evaluation of the data presented in the BEIR
III report. The resulting health—effects estimators used in this document are
summarized in Table G—39. They total 120 fatalities per million person—rem.
The health—effects estimate for genetic effects used in this document is 257
genetic effects per million person-rem of radiation, received by the gonads.
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These health—effects estimators are the best estimate of risk based on present
data. The estimators could vary widely, depending on the models used. The
low—LET‘ estimators could range from near 0 to as high as 400 per million
person—rem. For genetic effects, the risk estimator could range from 60 to
1100 per million person—rem.

Table G—39. Health Effects Estimators Used in the
Evaluation of Radiation Health Effects

Cancer fatalities per million person—rem

Organ/cancer Low—LET radiationa’b

Leukemia and bone cancerc 20

Lung 28

Liver 6.5
Kidney and bladderc 3.2
Intestinal tract° 5.3
Thyroid 6.9
Breast 9.8
Pancreas 7.9
Stomach 11

Other 19

Total 120

a. LET = linear energy transfer.
b. The arithmetic average of the absolute and relative
model values has been used. In addition, the linear
quadratic model has been assumed.

c. For multiple organs, the health effects estimators are
multiplied by the organ that produces the highest col
lective organ dose.
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APPENDIX H

SCOPING COMMENTS AND RESPONSES

Pursuant to the National Environmental Policy Act of 1969, the U.S. Department
of Energy (DOE) announced its intent to prepare an environmental impact state
ment (EIS) on cooling water systems for C— and K—Reactors and the D-Area coal
fired powerhouse at the Savannah River Plant (SRP) in the Federal Register on
July 29, 1985 (50 [R 1h5). The Notice of Intent solicited comments and sug
gestions from interested agencies, organizations, and the general public for
consideration in preparing the EIS. Comments were received by mail and at a
scoping meeting held in Aiken, South Carolina, on August 19, 1985. Written
comments were received until August 31, 1985.

During the public comment period, l2 individuals, agencies, and organizations
presented written or oral comments——two individuals provided written comments
at one of the public scoping meetings and more detailed written comments fol
lowing the scoping meetings. Individuals, agencies, and organizations provid
ing comments are listed on Table H—l.

The comments received at the public scoping meeting or in writing during the
public comment period are presented in Table H~2. Table H—2 also provides
responses to the comments raised by individuals, agencies, and organizations
on the scope of the EIS.

Table H—3 provides a summary listing of the topics contained in the comments,
with references to the appropriate chapters and sections of the proposed EIS
outline.

Copies of the oral statements and scoping letters have been made available for
public inspection at the DOE Public Reading Room located at the University
Library, 2nd Floor, University of South Carolina, Aiken Campus, University
Parkway, Aiken, South Carolina, and the Freedom of Information Reading Room,
Room lE—190, Forrestal Building, 1000 Independence Avenue, SW, Washington, DC.
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Table H—l. Index of Agencies, Organizations, and Individuals
Submitting Scoping Comments

Designation Agency, organization, or individual Page

A Sheppard N. Moore, Chief of NEPA Review Staff for H—3

Region IV, U.S. Environmental Protection Agency

B Bart Ruiter, representing the South Carolina Department H—5

of Health and Environmental Control

C Mr. W. P. Bebbington H—6

D Frances Hart, representing the Energy Research Foundation B-10

E Mr. Karl Herde H—12

F Ms. Dorcas Elledge H—15
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a
l
a
lt
e
rn
a
ti
v
e

fo
r
th
e
m
it
ig
a
ti
o
n
o
f
th
e
rm
a
l
re

st
ri
ct
io
n
s

o
n
th
e
a
b
o
v
e
o
u
tf
a
lls
,
th
e
se
le
ct
e
d
a
lt
e
rn
a
ti
v
e
s
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r

C
—
R
e
a
ct
o
r,
K
-R
e
a
ct
o
r,

P
-R
e
a
ct
o
r,
a
n
d
D
-A
re
a
p
o
w
e
rh
o
u
se
m
u
st

m
e
e
t
th
e
sp
e
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fi
e
d
lim
it
a
ti
o
n
s

o
f
th
e
N
P
D
E
S
p
e
rm
it
a
n
d
/o
r
te
m

p
e
ra
tu
re
lim
it
s
th
a
t
a
re
co
n
si
st
e
n
t
w
it
h
th
e
re
q
u
ir
e
m
e
n
ts
o
r

in
te
n
t
o
f
th
e
C
le
a
n
W
a
te
r
A
ct
a
n
d
th
e
S
o
u
th
C
a
ro
lin
a
W
a
te
r

C
la
ss
if
ic
a
ti
o
n
s

a
n
d
S
ta
n
d
a
rd
s.

T
h
a
n
k
y
o
u
fo
r
a
llo
w
in
g
th
e
D
e
p
a
rt
m
e
n
t
to
e
x
p
re
ss
it
s
co
m
m
e
n
ts
.

T
h
e
a
b
ili
ty

o
f
e
a
ch
o
f
th
e
co
o
lin
g
w
a
te
r
a
lt
e
rn
a
ti
v
e
s

co
n
si
d
e
re
d
in

th
e
E
IS
to
m
e
e
t
a
p
p
lic
a
b
le

re
g
u
la
to
ry

re
q
u
ir
e
m
e
n
ts
w
ill
b
e
d
is
cu
ss
e
d
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h
a
p
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v
e
ri
fy
th
a
t
th
e
re
w
a
s
n
o
th
e
rm
a
l
d
a
m
a
g
e
to
th
e
ri
v
e
r,
D
r.

R
u
th
P
a
tr
ic
k
a
n
d
h
e
r
te
a
m
o
f
lim
n
o
lo
g
is
ts

fr
o
m
th
e
A
ca
d
e
m
y
o
f

N
a
tu
ra
l
S
ci
e
n
ce
s
0
1
P
h
ila
d
e
lp
h
ia

w
e
re
co
m
m
is
si
o
n
e
d
to
d
e
te
rm
in
e

e
x
a
ct
ly
a
n
d
co
m
p
re
h
e
n
si
v
e
ly

th
e
co
n
d
it
io
n
o
f
th
e
ri
v
e
r
b
e
fo
re

p
la
n
t
st
a
rt
u
p
a
n
d
to
m
o
n
it
o
r
it
ca
re
fu
lly

fo
r
ch
a
n
g
e
s
w
h
ile
th
e

p
la
n
t
o
p
e
ra
te
d
.
D
r.
P
a
tr
ic
k
h
a
s
st
a
te
d
re
p
e
a
te
d
ly
a
n
d
u
n
e
q
u
iv

o
ca
lly
th
a
t
th
e
rm
a
l
e
ff
lu
e
n
ts

fr
o
m
S
R
P
h
a
v
e
h
a
d
n
o
a
d
v
e
rs
e
e
f

fe
ct
s
o
n
th
e
ri
v
e
r.

T
h
e
st
re
a
m
s
th
a
t
ca
rr
y
re
a
ct
o
r
co
o
lin
g
w
a
te
r
to
th
e
ri
v
e
r
a
re

sm
a
ll,
ri
se
o
n
th
e
si
te
,
a
n
d
h
a
v
e
n
o
si
g
n
if
ic
a
n
t

e
co
n
o
m
ic
,
re
c

re
a
ti
o
n
a
l,

o
r
u
n
iq
u
e
e
co
lo
g
ic
a
l
v
a
lu
e
s.

T
h
e
h
o
t
w
a
te
r
h
a
s
d
e

st
ro
y
e
d
v
e
g
e
ta
ti
o
n
a
n
d
d
is
co
u
ra
g
e
d
a
n
im
a
l
lif
e
;
b
u
t,
a
s
w
a
s

d
e
m
o
n
st
ra
te
d
in
S
te
e
l
C
re
e
k
a
ft
e
r
L-
R
e
a
ct
o
r
w
a
s
sh
u
t
d
o
w
n
,
th
e

d
a
m
a
g
e
is
n
o
t
p
e
rm
a
n
e
n
t.
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b
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o
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n
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O
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R
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C
o
m
m
e
n
t

n
u
m
b
e
r

C
O
X
T
1
l‘
lI1
8
1
1
1
r.
s

R
e
g
p
g
n
g
e
g

S
T
A
T
E
M
E
N
T
O
F
M
R
.
W
.
P
.
B
E
B
B
IN
G
IO
N

I h
a
v
e
su
b
m
it
te
d

a

le
tt
e
r
co
n
ta
in
in
g
m
o
re
sp
e
ci
fi
c
co
m
m
e
n
ts

C
o
m
m
e
n
ts
n
o
te
d
.

th
a
n

I in
te
n
d
to
m
a
ke
h
e
re
.

I w
is
h
,
n
o
w
,
to
d
ir
e
ct
th
e
a
tt
e
n

ti
o
n
o
f
th
e
a
u
d
ie
n
ce
a
n
d
th
e
o
th
e
r
p
a
rt
ic
ip
a
n
ts

to
so
m
e
im

p
o
rt
a
n
t
g
e
n
e
ra
l
fa
ct
s
re
g
a
rd
in
g
th
e
S
a
v
a
n
n
a
h
R
iv
e
r
P
la
n
t
a
n
d

it
s
h
is
to
ry
.

T
h
e
2
0
0
,0
0
0
—
a
cr
e
si
te
w
a
s
p
u
rc
h
a
se
d
w
it
h
ta
x
p
a
y
e
rs
‘
m
o
n
e
y
in

1
9
5
0
to
e
n
su
re
th
a
t
th
e
P
u
b
lic
w
o
u
ld
b
e
a
d
e
q
u
a
te
ly
p
ro
te
ct
e
d

fr
o
m
p
o
ss
ib
le
h
a
rm
fr
o
m
th
e
n
u
cl
e
a
r
o
p
e
ra
ti
o
n
s
w
it
h
in
th
e
si
te

a
n
d
th
a
t
th
e
re
w
o
u
ld
b
e
a
d
e
q
u
a
te
p
ro
te
ct
io
n
o
f
th
e
o
p
e
ra
ti
o
n
s

a
g
a
in
st
in
cu
rs
io
n
s.

It
w
a
s
re
co
g
n
iz
e
d
a
t
th
e
o
u
ts
e
t
th
a
t,
w
h
ile
th
e
o
p
e
ra
to
rs
co
u
ld

a
n
d
w
o
u
ld
b
e
e
x
p
e
ct
e
d
to
h
o
ld
re
le
a
se
s
o
f
ra
d
io
a
ct
iv
e

a
n
d
o
th
e
r

u
n
d
e
si
ra
b
le

w
a
st
e
s
to
le
v
e
ls
th
a
t
w
e
re
a
s
lo
w
a
s
p
ra
ct
ic
a
l,

v
e
ry
la
rg
e
a
m
o
u
n
ts
o
f
h
e
a
t
w
o
u
ld
n
e
ce
ss
a
ri
ly

b
e
d
is
ch
a
rg
e
d
fr
o
m

th
e
re
a
ct
o
rs
.

T
h
e
h
e
a
t
w
o
u
ld
b
e
re
le
a
se
d
a
s
h
e
a
te
d
w
a
te
r,
a
n
d

th
e
S
a
v
a
n
n
a
h
R
iv
e
r
h
a
d
to
b
e
p
ro
te
ct
e
d
a
g
a
in
st
b
io
lo
g
ic
a
l
d
a
m

a
g
e
fr
o
m
it
.
B
y
p
la
ci
n
g
th
e
re
a
ct
o
rs
n
e
a
r
th
e
ce
n
te
r
o
f
th
e

si
te
a
n
d
a
llo
w
in
g
th
e
w
a
te
r
to
fl
o
w
to
th
e
ri
v
e
r
th
ro
u
g
h
th
e

b
e
d
s
o
f
e
x
is
ti
n
g
sm
a
ll
st
re
a
m
s.
th
e
te
m
p
e
ra
tu
re
o
f
th
e
w
a
te
r,

w
h
e
n
it
e
n
te
re
d
th
e
ri
v
e
r,
w
o
u
ld
b
e
lo
w
e
n
o
u
g
h
to
p
re
cl
u
d
e

d
a
m
a
g
e
.

M
o
st
o
f
th
e
la
n
d
o
f
th
e
si
te
is
o
u
ts
id
e
th
e
re
st
ri
ct
e
d

p
ro
d
u
c

ti
o
n
a
re
a
s.

Ih
is
la
n
d
h
a
s
n
o
t
b
e
e
n
n
e
g
le
ct
e
d
a
n
d
a
llo
w
e
d
to

d
e
te
ri
o
ra
te
.

H
u
n
d
re
d
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o
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io
n
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o
f
tr
e
e
s
w
e
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p
la
n
te
d
a
n
d
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A
ft
e
r
th
re
e
d
e
ca
d
e
s
o
f
p
la
n
t
o
p
e
ra
ti
o
n
w
it
h
o
u
t
p
u
b
lic
h
a
rm
a
n
d

w
it
h
g
re
a
t
e
co
lo
g
ic
a
l
b
e
n
e
fi
t,
th
e
S
ta
te
o
f
S
o
u
th
C
a
ro
lin
a
h
a
s

in
tr
u
d
e
d
w
it
h
co
st
ly
,
u
n
n
e
ce
ss
a
ry
,
a
n
d
in
d
e
e
d
e
n
v
ir
o
n
m
e
n
ta
lly

d
e
tr
im
e
n
ta
l
d
e
m
a
n
d
s
th
a
t
ca
n
b
e
m
e
t
o
n
ly
a
t
g
re
a
t
p
u
b
lic
e
x

p
e
n
se
a
t

a

ti
m
e
w
h
e
n
th
e
re
is

a

te
rr
ib
ly

u
rg
e
n
t
n
e
e
d
to
re
d
u
ce

th
e
fe
d
e
ra
l
d
e
fi
ci
t.

T
h
e
co
st
o
f
th
e
L—
R
e
a
ct
o
r
la
ke
p
ro
je
ct
w
ill
n
o
t
b
e
2
5
o
r
4
0

m
ill
io
n
d
o
lla
rs

b
u
t,
w
h
e
n
d
e
la
y
ti
m
e
s
a
n
d
p
ro
d
u
ct
iv
it
y

lo
ss
e
s

a
re
ta
ke
n
in
to
a
cc
o
u
n
t,
in
th
e
h
u
n
d
re
d
s
o
f
m
ill
io
n
s
o
f
d
o
l

la
rs
.
T
h
e
re
a
ct
o
r
w
ill
n
e
v
e
r
a
g
a
in
o
p
e
ra
te
a
s
e
ff
ic
ie
n
tl
y

a
s

it
o
n
ce
d
id
b
e
ca
u
se
th
e
S
ta
te
h
a
s
d
e
m
a
n
d
e
d
th
a
t
th
e
co
o
lin
g

la
ke
n
o
t
b
e
tr
e
a
te
d
a
s
su
ch
b
u
t
a
s

a

n
a
tu
ra
l
re
cr
e
a
ti
o
n
a
l

la
ke
.
T
h
is
h
e
a
ri
n
g
is
th
e
b
e
g
in
n
in
g
o
f
p
ro
ce
e
d
in
g
s
a
im
e
d
a
t

a
p
p
ly
in
g
to
C
—
a
n
d
K
-R
e
a
ct
o
rs

a
n
d
to
th
e
D
—
A
re
a
co
a
l-
fi
re
d

p
o
w
e
rh
o
u
se
si
m
ila
rl
y

co
st
ly
a
n
d
u
n
n
e
ce
ss
a
ry
ch
a
n
g
e
s.

I a
sk
th
e
S
ta
te
o
f
S
o
u
th
C
a
ro
lin
a
,
in
th
e
in
te
re
st
o
f
re
sp
o
n

si
b
le
co
n
ce
rn
fo
r
th
e
A
m
e
ri
ca
n
p
e
o
p
le
,
to
w
it
h
d
ra
w
it
s
d
e
m
a
n
d
s

a
n
d
a
llo
w
S
R
P
to
co
n
ti
n
u
e
it
s
e
ff
ic
ie
n
t,

sa
fe
a
n
d
e
n
v
ir
o
n
m
e
n

ta
lly
b
e
n
ig
n
o
p
e
ra
ti
o
n
s.

Fa
ili
n
g
th
is
,

I a
sk
th
e
D
e
p
a
rt
m
e
n
t
o
f

E
n
e
rg
y
to
ta
ke
n
o
a
ct
io
n
a
s
it
s
d
e
ci
si
o
n
a
n
d
d
e
fe
n
d
it
v
ig
o
r

o
u
sl
y
u
p
th
ro
u
g
h
th
e
co
u
rt
s,
if
n
e
ce
ss
a
ry
.

T
a
b
le
H
-2
.
S
co
p
in
g
C
o
m
m
e
n
ts
a
n
d
D
O
E
R
e
sp
o
n
se
s

C
o
m
m
e
n
t

n
u
m
b
e
r

C
o
m
m
e
n
ts

R
e
sp
o
n
se
s

m
a
n
a
g
e
d
a
s

a

p
ro
d
u
ct
iv
e
fo
re
st
.

T
h
e
U
n
iv
e
rs
it
y
o
f
G
e
o
rg
ia
e
s

ta
b
lis
h
e
d
th
e
re

a

fi
e
ld
la
b
o
ra
to
ry

o
f
e
co
lo
g
y
u
n
d
e
r
th
e
o
v
e
ra
ll

d
ir
e
ct
io
n

o
f
D
r.
E
u
g
e
n
e
P
.
O
d
u
m
,
o
n
e
o
f
th
e
n
a
ti
o
n
's
m
o
st
re

v
e
re
d
e
co
lo
g
is
ts
.

La
te
r,
th
e
si
te
w
a
s
d
e
si
g
n
a
te
d
a
s
th
e
fi
rs
t

N
a
ti
o
n
a
l
E
n
v
ir
o
n
m
e
n
ta
l
R
e
se
a
rc
h
P
a
rk
.
It
h
a
s
a
tt
ra
ct
e
d
st
u

d
e
n
ts
a
n
d
fa
cu
lt
y
fr
o
m
m
a
n
y
u
n
iv
e
rs
it
ie
s

fo
r
su
m
m
e
r
a
n
d
lo
n
g
e
r

re
si
d
e
n
ce
s.

A

fo
rm
e
r
d
ir
e
ct
o
r
o
f
th
e
S
a
v
a
n
n
a
h
R
iv
e
r
E
co
lo
g
y

La
b
o
ra
to
ry

sa
id
,
“I
f
it
h
a
d
n
't
b
e
e
n
fo
r
A
E
C
su
p
p
o
rt
,
th
e
re

w
o
u
ld
n
't
b
e

a

sc
ie
n
ce
o
f
e
co
lo
g
y
."

T
h
e
w
e
ll-
p
ro
te
ct
e
d

si
te
h
a
s

b
e
co
m
e
a
n
im
p
o
rt
a
n
t
w
ild
lif
e

re
fu
g
e
.

T
h
a
n
k
y
o
u
v
e
ry
m
u
ch
.
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o
m
m
e
n
t

n
u
m
b
e
r

T
a
b
le
H
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.
S
co
p
in
g
C
o
m
m
e
n
ts
a
n
d
D
O
E
R
e
sp
o
n
se
s

C
o
m
m
e
n
ts

LE
T
T
E
R
FR
O
M
M
R
.
W
.
B
.
B
E
B
B
IN
G
T
O
N

T
h
a
n
k
y
o
u
fo
r
th
e
o
p
p
o
rt
u
n
it
y
to
co
m
m
e
n
t
o
n
th
e
“S
co
p
in
g
o
f
a
n

E
n
v
ir
o
n
m
e
n
ta
l
Im
p
a
ct
S
ta
te
m
e
n
t
o
n
co
o
lin
g
-w
a
te
r

sy
st
e
m
s
a
t
th
e

S
a
v
a
n
n
a
h
R
iv
e
r
P
la
n
t.
"

It
sh
o
u
ld
b
e
re
co
g
n
iz
e
d
a
t
th
e
o
u
ts
e
t
th
a
t
th
e
im
p
o
rt
a
n
t
is
su
e
s

u
n
d
e
r
co
n
si
d
e
ra
ti
o
n
,

h
e
re
,
a
re
p
o
lit
ic
a
l
a
n
d
b
u
re
a
u
cr
a
ti
c

Q
9
;

e
n
v
ir
o
n
m
e
n
ta
l.

T
h
e
re
is
,
in
th
e
d
o
cu
m
e
n
t
[6
4
5
0
-0
1
]
th
a
t
d
e

fi
n
e
s
th
e
p
u
rp
o
se
o
f
th
e
A
u
g
u
st
1
9
p
u
b
lic
m
e
e
ti
n
g
,
n
o
re
fe
re
n
ce

to
p
a
st
,
p
re
se
n
t
o
r
p
o
te
n
ti
a
l
fu
tu
re
h
a
rm
to
th
e
e
n
v
ir
o
n
m
e
n
t

su
rr
o
u
n
d
in
g
S
R
P
ca
u
se
d
b
y
o
p
e
ra
ti
o
n
s
w
it
h
in
it
.
T
h
e
a
b
se
n
ce
o
f

su
ch
h
a
rm
fu
l
e
ff
e
ct
s
h
a
s
b
e
e
n
d
o
cu
m
e
n
te
d
in
p
u
b
lic
re
p
o
rt
s
o
f

co
m
p
re
h
e
n
si
v
e
ro
u
ti
n
e
a
n
d
sp
e
ci
a
l
sc
ie
n
ti
fi
c

m
o
n
it
o
ri
n
g
o
v
e
r

th
e
p
a
st
q
u
a
rt
e
r
ce
n
tu
ry
o
f
th
e
p
la
n
t'
s
e
x
is
te
n
ce
.

In
1
9
5
0
a
b
o
u
t
2
0
0
.0
0
0
a
cr
e
s
o
f
la
n
d
w
a
s
p
u
rc
h
a
se
d
b
y
th
e
U
n
it
e
d

S
ta
te
s
g
o
v
e
rn
m
e
n
t
o
n
w
h
ic
h
to
b
u
ild
th
e
S
a
v
a
n
n
a
h
R
iv
e
r
P
la
n
t.

T
h
e
la
rg
e
si
te
w
a
s
a
cq
u
ir
e
d
to
p
ro
v
id
e
is
o
la
ti
o
n

o
f
th
e
p
ro
d
u
c

ti
o
n
fa
ci
lit
ie
s

a
n
d
to
e
n
su
re
th
a
t
th
o
se
fa
ci
lit
ie
s

w
o
u
ld
n
o
t

h
a
rm
fu
lly
a
ff
e
ct
su
rr
o
u
n
d
in
g
p
ri
v
a
te
la
n
d
s,
a
n
d
m
o
st
im
p
o
r

ta
n
tl
y
,
n
o
t
d
a
m
a
g
e
b
io
lo
g
ic
a
lly

th
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e
r
u
p
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o
f
w
e
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a
n
d

P
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n
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lv
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.
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o
k
a
lo
n
g
th
a
t
ri
v
e
r.

T
h
e
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re

a
b
u
n
ch
o
f
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ld
,
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y
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o
n
st
e
rs
,
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w
e
rs
,
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o
lin
g
to
w
e
rs
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th
a
t
h
a
v
e
b
e
e
n
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m
p
le
te
ly
a
b
a
n
d
o
n
e
d
a
n
d
h
a
v
e
b
e
e
n
le
ft
th
e
re
to
b
e
co
m
e

a

p
a
rt

o
f
th
e
e
n
v
ir
o
n
m
e
n
t.

I d
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n
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e
th
a
t
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n
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o
f
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n
e
n
v
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n
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I d
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E
R
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o
n
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o
m
m
e
n
ts

I t
h
in
k
w
e
kn
o
w
th
a
t
o
u
r
st
re
a
m
s
w
ill
cl
e
a
n
u
p
th
e
m
se
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e
s
a
n
d

w
ill
b
e
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m
e
fe
rt
ile

a
n
d
p
ro
d
u
ct
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e
b
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lo
g
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a
l
st
re
a
m
s
w
it
h
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o
r
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e
y
e
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.
In

a

v
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w
y
e
a
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a

st
re
a
m
w
ill
p
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d
u
ce

g
o
o
d
fi
sh
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g
a
g
a
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w
it
h
o
u
t
a
n
y
e
ff
o
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o
n
th
e
p
a
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o
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.
A
ll

h
e
h
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t
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o
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e
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o
v
e
r.

I w
a
n
t
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y
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e
p
o
n
d
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u
s
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0
m
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n
d
o
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a
n
d
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in
g
o
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e
v
e
ry
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e
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e
s,
e
v
e
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p
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n
t
a
n
d
a
n
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a
l
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e
ci
e
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f
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a
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u
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n
d
a
cr
e
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o
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n
d
to
sa
v
e
o
r
m
a
y
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b
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r
th
e
e
n
v
ir
o
n
m
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b
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.
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u
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ill
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e
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n
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n
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n
t
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u
w
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g
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p
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n
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b
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n
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b
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e
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p
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p
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b
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p
re
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a
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p
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u
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a
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a
v
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b
e
e
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a
n
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e
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a
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I c
o
u
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u
n
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n
g
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p
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D
e
p
a
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m
e
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o
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E
n
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b
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u
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a
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e
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I d
o
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w
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w
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o
t
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e
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e
e
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e
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e
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I d
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te
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b
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b
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I d
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e
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ro
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w
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p
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I d
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b
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ra
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p
ro
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ro
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I b
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ro
te
ct
o
u
r
sa
fe
ty
.

I

b
e
lie
v
e
th
e
o
b
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ra
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I d
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b
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ra
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p
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f
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p
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ro
ce
d
u
ra
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l
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n
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p
o
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a
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e
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g
u
a
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in
g
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e
p
u
b
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te
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st
.

B
o
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D
H
E
C
a
n
d
D
O
E
,
b
y
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ir
n
a
tu
re
a
s
p
o
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a
l
b
u
re
a
u
cr
a
ti
c
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st
it
u
ti
o
n
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h
a
v
e
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re

th
a
n
e
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o
u
g
h
a
d
m
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tr
a
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a
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a
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n
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p
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n
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n
t
p
e
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r
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ie
w
p
a
n
e
l
w
o
u
ld
a
p
p
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p
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o
n
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r
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n
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c

re
p
o
rt
s
a
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d
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n
st
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n

p
ro
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w
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h
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e
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g
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r
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a
t
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a
p
e
s
b
u
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a
u
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e
s.
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a

p
e
e
r
re
v
ie
w
p
a
n
e
l
p
re
v
e
n
ts

th
e
n
e
ce
ss
it
y
o
f
a
n
o
th
e
r
6
0
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ill
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n
-d
o
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r

cl
e
a
n
-u
p
si
m
ila
r
to

th
a
t
n
o
w
b
e
in
g
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e
n
t
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e
a
n
u
p
th
e
H
—
A
re
a
se
e
p
a
g
e
b
a
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n
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a
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o
,
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a

p
e
e
r
re
v
ie
w
p
a
n
e
l
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u
ld
e
a
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o
rd
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a
tt
ra
ct
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n
te
d
p
a
rt
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ip
a
n
ts
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b
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S
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p
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o
m
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a
n
d
D
O
E
R
e
sp
o
n
se
s

C
o
m
m
e
n
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S
T
A
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E
M
E
N
T
O
F
M
S
.
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A
N
R
O
B
IN
S
O
N

O
N
B
E
H
A
LF
O
F
W
.
F.
LA
W
LE
S
S

M
y
n
a
m
e
is
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a
n
R
o
b
in
so
n
.
I'm
p
re
se
n
ti
n
g

a

st
a
te
m
e
n
t
fo
r

P
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fe
ss
o
r
W
.
F.
La
w
le
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w
h
o
h
a
d
to
b
e
o
u
t
o
f
to
w
n
a
t
th
is

ti
m
e
.
P
ro
fe
ss
o
r
La
w
le
ss
is
a
t
P
a
in
e
C
o
lle
g
e
in
A
u
g
u
st
a
,

G
e
o
rg
ia
.
T
h
e
st
a
te
m
e
n
t
is
e
n
ti
tl
e
d

S
co
p
in
g
C
o
m
m
e
n
ts
o
n
S
R
P

C
o
o
lin
g
W
a
te
r
S
y
st
e
m
s
E
IS
.

n

r
l

m
m

n

T
o
p
ro
ce
e
d
w
it
h
so
m
e
g
e
n
e
ra
l
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m
m
e
n
ts
,
th
e
D
e
p
a
rt
m
e
n
t
o
f
E
n
e
rg
y
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o
u
ld
b
e
co
m
m
e
n
d
e
d
fo
r
a
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in
g
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r
p
u
b
lic
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o
p
in
g
co
m
m
e
n
ts
o
n

th
e
p
ro
p
o
se
d
S
a
v
a
n
n
a
h
R
iv
e
r
P
la
n
t
co
o
lin
g
w
a
te
r
sy
st
e
m
s
e
n
v
i

ro
n
m
e
n
ta
l
im
p
a
ct
st
a
te
m
e
n
t.

C
o
m
p
a
re
d
to
th
e
re
ce
n
t
p
u
b
lic

im
b
ro
g
lio
b
e
tw
e
e
n
th
e
S
o
u
th
C
a
ro
lin
a
D
H
E
C
a
n
d
S
R
P
,
w
h
e
re
in
D
H
E
C

h
a
d
ci
te
d
S
R
P
fo
r
g
ro
u
n
d
w
a
te
r
v
io
la
ti
o
n
s,

a
n
d
a
s
w
e
ll
to
p
a
st
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v
e
ru
p
s
o
f
S
R
P
re
p
o
rt
s
b
y
th
e
D
e
p
a
rt
m
e
n
t
o
f
E
n
e
rg
y
,
it
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a
l

w
a
y
s
re
fr
e
sh
in
g
to
h
a
v
e
g
o
v
e
rn
m
e
n
t
b
u
si
n
e
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n
d
u
ct
e
d
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th
e

o
p
e
n
.
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o
w
e
v
e
r,
a
s
im
p
o
rt
a
n
t
a
s
th
is
is
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n
b
e
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g
n
if
i
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n
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y
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ro
v
e
d
.

T
h
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u
b
lic
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o
e
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o
t
h
a
v
e
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e
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n
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a
l
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p
a
b
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n
o
r
th
e
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e
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a
d
e
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u
a
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ly
e
x
p
lo
re
n
o
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e
p
tr
a
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o
f
th
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ra
th
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a
b
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n
ti
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c
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u
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e
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ra
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e
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b
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b
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e
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p
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g
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p
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p
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b
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m
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5
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e
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ra
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E
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b
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ra
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S
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a
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p
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b
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n
t
w
ill
a
d
d
fl
e
x
ib
ili
ty
,

im
p
ro
v
e

te
ch
n
o
lo
g
ic
a
l

so
lu
ti
o
n
s,

a
n
d
re
d
u
ce
th
e
o
p
p
o
rt
u
n
it
y
fo
r
e
n

v
ir
o
n
m
e
n
ta
l
im
p
a
ct
s,
m
is
ta
ke
s,
a
n
d
in
e
p
ti
tu
d
e
.

T
h
is
te
ch
n
iq
u
e

h
a
s
w
o
rk
e
d
w
e
ll
w
it
h
th
e
N
A
S
A
b
u
re
a
u
cr
a
cy
,
a
n
d
la
n
d
e
d
A
m
e
ri
ca
n
s

o
n
th
e
m
o
o
n
.
O
n
th
e
o
th
e
r
h
a
n
d
,
w
it
h
o
u
t
p
e
e
r
re
v
ie
w
p
a
n
e
ls
,

th
e
S
R
P
h
a
s
g
iv
e
n
u
s
n
o
t
o
n
ly
th
e
M
-A
re
a
se
e
p
a
g
e
b
a
si
n
,
b
u
t
6
7

o
th
e
r
se
e
p
a
g
e
b
a
si
n
s
a
t
th
e
P
la
n
t
a
s
w
e
ll.

if
i

m
m

n

l.
T
h
e
D
O
E
h
a
s
n
o
t
y
e
t
re
sp
o
n
d
e
d
to
in
fo
rm
a
ti
o
n

p
ro
v
id
e
d
a
t
th
e

la
st
P
u
b
lic
S
co
p
in
g
M
e
e
ti
n
g
o
n
th
e
re
p
o
rt
e
d
st
a
ti
st
ic
a
lly

si
g
n
i

fi
ca
n
t
d
if
fe
re
n
ce
s

b
e
tw
e
e
n
st
ro
n
ti
u
m
-9
0

co
n
ce
n
tr
a
ti
o
n
s

fo
u
n
d
in

m
ilk
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ro
u
n
d
th
e
S
R
P
p
la
n
t
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m
p
a
re
d
to
th
e
S
o
u
th
e
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st
e
rn

a
v
e
ra
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e
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ce
n
tr
a
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o
n

o
f
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n
ti
u
m
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0
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m
ilk
.

2
.
T
h
e
n
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w
E
IS
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o
u
ld
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n
si
d
e
r
tr
e
a
tm
e
n
t
o
f
th
e
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o
lin
g
w
a
te
r

b
e
fo
re
it
is
re
le
a
se
d
b
a
ck
to
th
e
e
n
v
ir
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n
m
e
n
t.

3
.
W
a
te
r
q
u
a
lit
y
a
n
a
ly
se
s
o
f
w
a
te
r
re
le
a
se
d
in
to
th
e
e
n
v
ir
o
n

m
e
n
t
fr
o
m
C
—
a
n
d
K
-R
e
a
ct
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rs
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n
d
th
e
D
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re
a
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a
l-
fi
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d

p
o
w
e
r

p
la
n
t
sh
o
u
ld
b
e
p
u
b
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h
e
d
a
n
d
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m
p
a
re
d
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E
P
A
d
ri
n
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n
g
w
a
te
r

st
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n
d
a
rd
s.

T
h
e
D
-A
re
a
b
a
si
n
o
v
e
rf
lo
w
a
n
d
o
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tf
a
ll
w
a
te
r

q
u
a
lit
y
ch
a
ra
ct
e
ri
st
ic
s

sh
o
u
ld
a
ls
o
b
e
p
ro
v
id
e
d
.

4
.
T
h
e
D
-A
re
a
p
o
w
e
r
p
la
n
t
a
ir
q
u
a
lit
y
a
t
th
e
re
le
a
se
p
o
in
t

fr
o
m
it
s
co
o
lin
g
to
w
e
r
sh
o
u
ld
b
e
in
cl
u
d
e
d
in
th
e
n
e
w
E
IS
.

5
.
P
-R
e
a
ct
o
r
e
ff
lu
e
n
t,

th
a
t
is
,
th
e
rm
a
l,
w
a
te
r
q
u
a
lit
y
.
a
ir

st
re
a
m
q
u
a
lit
y
ch
a
ra
ct
e
ri
st
ic
s

sh
o
u
ld
b
e
in
cl
u
d
e
d
in
th
e
n
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w

E
IS
.
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o
,

a

b
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lo
g
ic
a
l

co
m
m
u
n
it
y
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m
p
a
ri
so
n
to
P
a
r
P
o
n
d
w
it
h

a
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m
p
a
ra
b
le
si
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d
p
o
n
d
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P
a
r
P
o
n
d
sh
o
u
ld
b
e
m
a
d
e
a
n
d
in

cl
u
d
e
d
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n
a
q
u
if
e
r
w
a
te
r
q
u
a
lit
y
a
n
a
ly
si
s
o
f
w
a
te
r
u
n
d
e
r
P
a
r

P
o
n
d
sh
o
u
ld
b
e
m
a
d
e
a
n
d
in
cl
u
d
e
d
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th
e
p
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o
se
d
E
IS
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.
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h
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th
C
a
ro
lin
a
D
H
E
C
a
n
d
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E
M
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h
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5
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re
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t
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g
g
e
st
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th
e
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n
ti
n
u
e
d
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se
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a
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w
w
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te
r
b
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si
n
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e
D
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a
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o
w
e
r
p
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t.
T
h
e
a
d
v
a
n
ta
g
e
s
o
f
h
a
v
in
g

a

lin
e
d
b
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si
n
a
n
d
a
n

u
n
lin
e
d
b
a
si
n
,
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s
w
e
ll
a
s
R
C
R
A
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m
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n
ce
,
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o
u
ld
b
e
d
is
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ss
e
d

in
th
e
n
e
w
E
IS
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r
th
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b
a
si
n
a
n
d
fo
r
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e
p
o
n
d
s
a
t
C
-
a
n
d

K
-R
e
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ct
o
rs
.

R
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sp
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se
s
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e
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m
e
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iv
e
d
d
u
ri
n
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th
e
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o
p
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p
e
ri
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r

th
e
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ra
ti
o
n
o
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th
e
e
n
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n
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e
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ta
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p
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st
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t
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w
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m
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t
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iv
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r
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u
n
d
w
a
te
r
p
ro
te
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n
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b
e
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u
d
e
d
in
th
a
t
e
n
v
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o
n
m
e
n
ta
l
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p
a
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st
a
te
m
e
n
t.
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h
e
e
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e
n
t
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o
m
th
e
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o
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g
sy
st
e
m
s
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n
si
d
e
re
d
in
th
e
E
IS
w
ill

m
e
e
t
th
e
S
ta
te
o
f
S
o
u
th
C
a
ro
lin
a
's

C
la
ss

8

w
a
te
r
cl
a
ss
if
ic
a
ti
o
n

st
a
n
d
a
rd
s.

T
h
e
e
ff
lu
e
n
t
is
e
x
p
e
ct
e
d
to
b
e
si
m
ila
r
to
th
e
w
a
te
r

q
u
a
lit
y
o
f
th
e
S
a
v
a
n
n
a
h
R
iv
e
r,
a
n
d
o
th
e
r
th
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n
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r
re
d
u
ct
io
n
o
f

te
m
p
e
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tu
re
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tr
e
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e
n
t
o
f
th
e
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o
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g
w
a
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r
w
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b
e
re
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ir
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d
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te
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a
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y
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o
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b
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te
r
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o
f
th
e
E
IS
.

A
ir
q
u
a
lit
y
im
p
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ct
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o
f
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e
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lt
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rn
a
ti
v
e
s
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r
th
e
D
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re
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w
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o
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se
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ill
b
e
d
e
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ri
b
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h
a
p
te
r

4

o
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th
e
E
IS
.

A
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ss
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n
o
f
P
-R
e
a
ct
o
r
e
ff
lu
e
n
t
a
n
d
P
a
r
P
o
n
d
is
n
o
t
w
it
h
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th
e
sc
o
p
e
o
f
th
is
E
IS
,
a
s
d
is
cu
ss
e
d
in
th
e
Fe
d
e
ra
l
R
e
g
is
te
r
n
o
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ce
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n
n
o
u
n
ci
n
g
th
e
p
re
p
a
ra
ti
o
n
o
f
th
e
E
IS
.
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te
r
b
a
si
n
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th
e
D
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a
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o
w
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o
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o
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n
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t
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o
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e
h
a
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o
u
s
w
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e
;
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e
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,

a

d
is
cu
ss
io
n
o
f
h
a
v
in
g
lin
e
d

b
a
si
n
s
a
n
d
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m
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lia
n
ce
w
it
h
R
C
R
A
is
n
o
t
a
n
a
p
p
ro
p
ri
a
te
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p
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fo
r
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cl
u
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o
n
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th
e
E
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.
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T
h
a
n
k
y
o
u
v
e
ry
m
u
ch
.
T
h
a
t
co
n
cl
u
d
e
s
h
is
st
a
te
m
e
n
t.

A
n
d
h
e

w
a
n
te
d
to
le
t
y
o
u
kn
o
w
th
a
t
h
e
w
o
u
ld
b
e
g
la
d
to
su
b
m
it

a

fi
n
a
l
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p
y
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y
th
e
3
1
st
b
u
t
w
is
h
e
s
to
m
a
ke
y
o
u
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p
ie
s
o
f
th
is
b
e
ca
u
se

o
f
so
m
e
ty
p
o
g
ra
p
h
ic
a
l
e
rr
o
rs
.

N
o
.
1
0
,
A
ir
b
o
rn
e
re
le
a
se
s,

in
cl
u
d
in
g
le
v
e
ls
o
f
d
io
x
in
,
fr
o
m
th
e

B
e
ta
-G
a
m
m
a
In
ci
n
e
ra
to
r

(B
G
I)
a
t
th
e
p
o
in
t
o
f
re
le
a
se
sh
o
u
ld
b
e

q
u
a
n
ti
fi
e
d
a
n
d
re
p
o
rt
e
d
.
P
ro
v
id
e
ca
lc
u
la
te
d
a
n
d
a
ct
u
a
l
re
le
a
se

d
a
ta
,
fr
o
m
th
e
p
g
ig
t
o
f
re
le
a
se
,
fo
r
e
a
ch
w
a
st
e
ca
te
g
o
ry
,

m
a
tc
h
in
g
th
e
B
G
I
in
ci
n
e
ra
to
r

b
u
rn
lo
a
d
s
to
n
o
rm
a
liz
e
th
e
p
re

d
ic
te
d
w
it
h
a
ct
u
a
l
d
a
ta
.

N
o
.
1
1
,
T
h
e
tw
o
h
ig
h
le
v
e
l
ra
d
io
a
ct
iv
e

w
a
st
e
(H
LW
)
co
rr
o
si
o
n

p
it
ti
n
g
re
p
o
rt
s
(L
—
R
e
a
ct
o
r
E
IS
,
p
.

M

1
1
3
-1
1
4
)
d
id
n
o
t
d
is
cu
ss

co
rr
o
si
o
n
p
it
ti
n
g
in
H
LW
ta
n
ks
2
5
-2
8
.
T
h
e
se

4

H
LW
ta
n
ks
w
e
re

n
o
t
tr
e
a
te
d
fo
r
co
rr
o
si
o
n
p
it
ti
n
g
a
s
w
e
re
H
LW
ta
n
ks
3
8
-5
1
,

si
n
ce
H
LW
ta
n
ks
2
5
-2
8
w
e
re
a
lr
e
a
d
y
ra
d
io
a
ct
iv
e

w
h
e
n
th
e
co
r

ro
si
o
n
p
it
ti
n
g
w
a
s
d
is
co
v
e
re
d
in
th
e
1
4
H
LW
ta
n
ks
co
m
p
le
te
d

la
te
r.

P
ro
v
id
e

a

co
rr
o
si
o
n
p
it
ti
n
g
st
a
tu
s
re
p
o
rt
o
n
H
LW
ta
n
ks

2
5
-2
8
p
e
rf
o
rm
a
n
ce
,
a
n
d
co
m
p
a
re
to
th
e
la
st
1
4
H
LW
ta
n
ks
a
t
S
R
P

(t
a
n
ks
3
8
-5
l)
th
a
t
w
e
n
t
in
to
ra
d
io
a
ct
iv
e

w
a
st
e
se
rv
ic
e
a
ft
e
r

re
m
e
d
ia
l
a
ct
io
n
.f
o
r

co
rr
o
si
o
n
p
it
ti
n
g
.

C
o
m
m
e
n
t

n
u
m
b
e
r

G
—
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G
-1
0

T
a
b
le
H
-2
.
S
co
p
in
g
C
o
m
m
e
n
ts
a
n
d
D
O
E
R
e
sp
o
n
se
s

C
o
m
m
e
n
ts

7
.
W
a
te
r
q
u
a
lit
y
ch
a
ra
ct
e
ri
st
ic
s

o
f
th
e
co
o
lin
g
w
a
te
r
a
t

it
s
so
u
rc
e
sh
o
u
ld
b
e
p
ro
v
id
e
d
.
C
o
o
la
n
t
w
a
st
e
sy
st
e
m
d
ia
g
ra
m
s

a
n
d
e
ff
lu
e
n
t
sy
st
e
m
d
ia
g
ra
m
s
sh
o
u
ld
b
e
p
ro
v
id
e
d
.
W
e
ll
co
n

st
ru
ct
io
n
a
n
d
cl
o
su
re
in
fo
rm
a
ti
o
n
a
s
n
e
ce
ss
a
ry
sh
o
u
ld
b
e

p
ro
v
id
e
d
.

8
.
C
o
o
lin
g
w
a
te
r
to
w
e
r
e
ff
lu
e
n
t
ch
a
ra
ct
e
ri
st
ic
s

a
t
th
e
re
le
a
se

p
o
in
t
sh
o
u
ld
b
e
p
ro
v
id
e
d
.

9
.
A
ll
m
a
th
e
m
a
ti
ca
l
m
o
d
e
ls
sh
o
u
ld
b
e
d
e
ta
ile
d
,
st
a
ti
st
ic
a
l

te
ch

n
iq
u
e
s
d
is
cu
ss
e
d
,
a
n
d
v
a
lid
a
ti
o
n

o
f
a
ll
m
o
d
e
ls
,
e
q
u
a
ti
o
n
s,
o
r

te
ch
n
iq
u
e
s
d
is
cu
ss
e
d
.
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D
D
IT
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N
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L
C
O
M
M
E
N
T
S
C
O
N
T
A
IN
E
D
IN
LE
T
T
E
R
FR
O
M

W
.
F.
LA
H
LE
S
S
D
A
T
E
D
A
U
G
U
S
T
2
9
,
1
9
8
5

R
e
sp
o
n
se
s

C
h
a
p
te
r

3

o
f
th
e
E
IS
w
ill
d
e
sc
ri
b
e
th
e
e
x
is
ti
n
g
su
rf
a
ce
-w
a
te
r

h
y
d
ro
lo
g
y
a
n
d
w
a
te
r
q
u
a
lit
y
o
f
th
e
st
re
a
m
s
th
a
t
w
o
u
ld
b
e
a
ff
e
ct
e
d

b
y
th
e
a
lt
e
rn
a
ti
v
e

co
o
lin
g
w
a
te
r
sy
st
e
m
s.
A
ls
o
se
e
th
e
re
sp
o
n
se

to
co
m
m
e
n
t
G
-3
.
If
w
e
ll
cl
o
su
re
s
sh
o
u
ld
b
e
re
q
u
ir
e
d
d
u
e
to

co
n
st
ru
ct
io
n

o
f
th
e
a
lt
e
rn
a
ti
v
e

co
o
lin
g
w
a
te
r
sy
st
e
m
s,
th
e
cl
o
su
re

w
e
lls
w
ill
b
e
d
is
cu
ss
e
d
in
th
e
E
IS
.

S
e
e
th
e
re
sp
o
n
se
to
co
m
m
e
n
t
6
-3
.

A
p
p
e
n
d
ix

B

o
f
th
e
E
IS
a
n
d
it
s
re
fe
re
n
ce
d
d
o
cu
m
e
n
ts
w
ill
d
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cu
ss
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e
m
o
d
e
ls
,
a
ss
u
m
p
ti
o
n
s,
a
n
d
v
a
lid
a
ti
o
n

o
f
m
o
d
e
ls
u
se
d
in
th
e

p
re
p
a
ra
ti
o
n
o
f
th
e
E
IS
.

A

d
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cu
ss
io
n
o
f
a
ir
b
o
rn
e
re
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se
s
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o
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th
e
B
e
ta
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a
m
m
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In
ci
n
e
ra
to
r
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o
u
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id
e
th
e
sc
o
p
e
o
f
th
is
E
IS
.

A

d
is
cu
ss
io
n
o
f
h
ig
h
—
le
v
e
l
w
a
st
e
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o
u
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e
th
e
sc
o
p
e
o
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is
E
IS
.
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b
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S
T
A
T
E
M
E
N
T
O
F
M
R
.
S
A
M
S
C
H
IL
LA
C
I

I'v
e
b
e
e
n
st
u
d
y
in
g
th
e
S
a
v
a
n
n
a
h
R
iv
e
r
P
la
n
t
fo
r

a

lo
n
g
ti
m
e
,

C
o
m
m
e
n
ts
n
o
te
d
.

a
n
d
I'v
e
g
o
t

a

g
o
o
d
p
la
n
fo
r
it
s
su
rv
iv
a
l.

I'm

a

fo
rm
e
r
e
m

p
lo
y
e
e
a
ls
o
w
it
h
te
n
y
e
a
rs
o
f
se
rv
ic
e
w
it
h
th
e
D
e
p
a
rt
m
e
n
t
o
f

.

E
n
e
rg
y
.

I h
a
d
so
m
e
m
e
n
ta
l
p
ro
b
le
m
s
b
e
ca
u
se
o
f
st
re
ss
,
so
th
e

g
o
v
e
rn
m
e
n
t
"r
e
ti
re
d
m
e
."
T
h
e
st
re
ss
w
a
s
b
ro
u
g
h
t
o
n
b
e
ca
u
se

I

d
id
n
't
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Table H—3. Scoping Topics and EIS Sections

Comment number Scoping topic EIS section

A-l Environmental impacts Ch. h, App. F

A-2 Environmental impacts Ch. h, App. F

A-3 Cooling water alternatives Ch. h

B-1 Regulatory requirements Ch. 2, Ch. h

D—l Regulatory requirements Ch. l, Ch. 5

D—2 Regulatory requirements Ch. 1, Ch. 5

E—l Environmental impacts Ch. 2, Ch. h

F—l Cooling water alternatives, No-action Ch. 2, Ch. h

alternative

G—1 Regulatory requirements Ch. 1

G—2 Scoping comments Ch. 1

G—3 Water quality impacts Ch. h

G-4 Water quality impacts Ch. h

G-5 Air quality impacts Ch. h

G—6 Regulatory requirements Ch. 1

G—7 Raw water basin usage - RCRA compliance Outside the
scope of the
EIS

G-8 Surface water hydrology and water Ch. 3, Ch. h
quality, well closures

G—9 Water quality impacts Ch. h

G—l0 Mathematical models App. B, App. G

G—ll Beta-Gamma incinerator Outside the
scope of the
EIS
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Table H-3. Scoping Topics and EIS Sections (continued)

Comment number Scoping topic EIS section

G—12 High—level waste Outside the
scope of the
EIS

I-1 Radiological releases Ch. 3, Ch. h

J-l Regulatory requirements Ch. 1, Ch. 5

J—2 Radionuclide remobilization, cumulative Ch. h
thermal effects

K—1 Facility siting impacts Ch. h

K—2 Fish and wildlife resource impacts Ch. h

K—3 Habitat impacts Ch. h

L—l Cost of alternatives, impacts of Ch. 2, Ch.h
alternatives

L—2 Affected environment, impacts of Ch. 3, Ch. h
alternatives
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APPENDIX I

POTENTIAL APPLICATIONS FOR UTILIZATION OF WASTE HEAT FROM
K— AND C--REACTOR COOLING WATER DISCHARGES

During the public comment period on the draft environmental impact statement
(EIS) for alternative cooling water systems at the Savannah River Plant (SRP),
the U.S. Department of Energy (DOE) received several comments that requested
consideration of other alternatives for use of the cooling water effluents
from K— and C-Reactors. These comments did not identify specific alternatives
(i.e., concepts with specific functions and features) for the effluents, but
rather suggested that DOE consider the use of the cooling water or the
contained thermal energy in agricultural or aquacultural applications or in
the production of ethanol.

This appendix discusses earlier waste heat utilization studies conducted at
the Savannah River Plant, and assesses the general alternatives identified
during the public comment period (irrigation, soil warming, greenhouse
heating, aquaculture, and ethanol production).

I.l K— AND C--REACTOR COOLING WATER DISCHARGES
K— and C--Reactor each discharge approximately 11.3 cubic meters of reactor
cooling water per second at an average temperature of between 70°C and
77°C. These discharges are not continuous; periods of reactor operation
depend on production runs and on required maintenance shutdowns of 1 to 2
months, which generally occur during the summer. The chemical quality of the
cooling water is similar to that of the Savannah River; however, the cooling
water from both reactors contains tritium, a radioactive isotope of hydrogen,
resulting from small process water leaks in the reactor heat exchanger.

I.2 PREVIOUS STUDIES

DOE has funded or performed several studies that evaluated the potential for
utilization of waste heat generated at SRP. In 1978, the South Carolina
Energy Research Institute (SCERI) prepared a report entitled Low Level Waste
Heat Utilization Project, Savannah River Plant, Preliminary Analysis. This
study considered a number of potential waste heat utilization projects,
including agricultural and aquacultural uses, industrial applications, and
direct power generation. It evaluated five agricultural options — soil
warming, biomass production, greenhouse heating, anaerobic digestion of animal
wastes, and space heating of poultry brooding houses. After the evaluations,
the researchers did not consider any of these options to be independently
viable as a major user of SRP waste heat. Of the nine aquatic species evalu
ated for potential commercial culture using SRP waste heat, the report con
sidered the culture of freshwater prawns and channel catfish to offer the most
promise as an end user in an energy cascade system. Of the direct power
generation options considered, a Rankine cycle system appeared to be the most
viable.
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In 1982, Clemson University's College of Agricultural Sciences and College of
Forest and Recreation Resources prepared a report entitled Feedstock Options
for Ethanol Production at the Savannah River Plant (Cross et al., 1982). This
report provided DOE with information to judge the short— and long—term poten
tials for feedstock alternatives for onsite ethanol conversion.

In 1983, Arthur D. Little, Inc. (ADL), under contract to E.I du Pont de
Nemours and Company (Du Pont), prepared the SRP Cogeneration Study, which
evaluated the feasibility of various methods of cogeneration (i.e., the
recovery and utilization of heat from the reactor effluents) as a means of
reducing SRP thermal impacts. The ADL investigation utilized the previous
studies conducted on this issue with appropriate updates of technologies and
costs (ADL, 1983). The cogeneration options evaluated included the generation
of electricity using Rankine cycle systems, the generation of process steam
for the SRP using heat pumps, onsite industrial applications (direct uses
and/or temperature augmentation using heat pumps), onsite agricultural and
aquacultural applications, and hot water delivery to offsite users. ADL eval
uated each of the applications with respect to technical, economic, institu
tional, and environmental feasibility. The environmental evaluations included
an assessment of the ability of the cogeneration options to meet the proposed
32.2°/2.8°C thermal standard for SRP streams. This standard requires that
the temperature of plant effluents entering a natural stream not exceed
32.2°C, and that plant effluents cause no more than a 2.8°C temperature
increase above the natural stream temperature.

ADL evaluated the onsite applications both as standalone strategies and as
precooler strategies. The standalone evaluations examined the cost/benefit
associated with adding a cogeneration system to the existing once-through
reactor cooling system. The precooler evaluations assumed that the once
through system would be augmented by mechanical-draft cooling towers, and
examined the cost/benefit of using cogeneration to precool the reactor
effluent before it enters the cooling towers.

Based on a detailed review of the ADL work and on an independent assessment of
cogeneration, the Savannah River Laboratory (Roggenkamp, 1983) concluded that
none of the standalone strategies would provide sufficient temperature reduc
tion to satisfy the 32.2°/2.8°C thermal standard for SRP streams year
round. The precooler strategies were not considered feasible for reasons
specific to each application, as discussed below.

Technically, Rankine cycle systems could generate as much as 37 to h6
megawatts of electricity at each reactor. However, while the 12°C temper
ature reduction would permit the use of smaller cooling towers, the delivered
electricity costs would be 2 to 3 times higher than the costs for the current
system of purchased electricity.

The only technically viable heat pump application identified in the studies
would result in a decrease in reactor cooling water effluent temperatures of
only O.6°C. In addition, this application would be uneconomical.

Onsite industrial, agricultural and aquacultural applications, and heated
effluent delivery to offsite users would not be feasible because of poor
economics and many institutional barriers.
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The institutional problems associated with industries locating to the SRP area
to obtain low—cost heat from the reactor effluent would be virtually insur
mountable. ADL cited the problems encountered by the Tennessee Valley
Authority in attracting industries to use the waste heat from its Watts Bar
Nuclear Power Plant.

The ADL study concluded that onsite agricultural and aquacultural uses of the
waste heat were not feasible. Features of these applications leading to poor
economics are the relatively low duty cycle (heat generally not needed except
in winter) and the relatively low value of the output. Also, the study deter
mined that, unless very large land areas are employed, these applications
would produce little impact in terms of waste heat utilization. The rela
tively frequent outages of the reactors also would cause difficulties with
respect to winter kill unless .backup systems were provided. In addition,
Federal legislation [21 USC 32l(s) and 3h2(a)(7)] expressly forbids the
adulteration of food or food products with any radioactive substance. SRP

reactor cooling water contains tritium as a result of small process water
leaks in the reactor heat exchangers. While discharges of this radioactive
material are well within applicable regulatory limits for water quality, the
legislation regarding food and food products sets no lower threshold limit,
precluding the use of this water for direct contact use in agriculture or
aquaculture.

The study also concluded that it would be uneconomical to pipe reactor cooling
water effluent offsite for district heating or industrial applications.

I.3 POTENTIAL AGRICULTURAL APPLICATIONS

I.3.1 IRRIGATION

This potential application for the utilization of SRP waste heat would entail
delivery, via a closed pipeline or open canals, of reactor cooling water
effluent to offsite users for direct contact irrigation of agricultural crops.

In the six—county area surrounding the SRP, agriculture accounts for
approximately 21 percent of the total land use (DOE, 198h). The results of
the 1980 census of population (Bureau of the Census 1982a,b) indicate that
fewer than 2 percent of the population in the six-county area were employed in
the category of agriculture, forestry, and fishing, a 2-percent decrease from
1970. Agricultural land in the six—county area is undergoing a transition
from smaller operators to larger consolidated farms, especially in the rural
areas of Allendale, Bamberg, and Barnwell Counties (DOE, 198h).

Although the conservation of water resources is considered a national priority
and recent drought conditions in the southeastern United States have generally
indicated the importance of the availability of adequate water supplies, DOE
is not aware of specific agricultural needs or requirements for diversion of
existing water resources for use in the irrigation of local crops. No uses of
the Savannah River for irrigation have been identified in either South
Carolina or Georgia (Du Pont, 1982).

Even if a specific need was identified for local use of the SRP reactor
cooling water for irrigation purposes and recognizing the legal barrier for
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such uses for food crops described above, various environmental, technical,
and economic difficulties exist; these are discussed below.

The estimated temperature of the cooling water delivered from K— and
C-Reactors to an offsite location would be between 52° and 75°C. Before
it could be used for irrigation, this water would have to be cooled to about
32.2°C to avoid damage to crops. In the summer, when irrigation is needed
and the ambient Savannah River temperature is approximately 26"C, an esti
mated 156 cubic meters per second of local water (or seven times the amount of
cooling water delivered from K— and C-Reactors) would be required to dilute
and thus cool the discharge water from both reactors to 32.2°C. This quan
tity is equal to the 7-day, 10-year low flow (159 cubic meters per second) of
the Savannah River near the SRP. If such quantities of local water were
available, the K— and C-Reactor discharges probably would not be needed for
irrigation; because this amount of local surface—water use is not considered
feasible, a cooling system (i.e., once—through or recirculating cooling tower)
would still be necessary to cool reactor cooling water sufficiently for irri
gation use. In addition, during those periods when irrigation water would not
be required, some alternative mechanism of cooling water disposal (and cooling
to meet regulatory requirements) would be necessary.

The offsite agricultural user(s) would be responsible for meeting all con
struction and operational permit requirements for offsite irrigation systems.
Major issues of concern from a regulatory point of view relate to large volume
translocation of a riverine water resource to the groundwater table and the
potential permit requirements of transporting surface water from one basin to
another (for example, interbasin transfer from the Savannah River basin to the
Salkehatchie River basin near Allendale, South Carolina).

To deliver heated water from K— and C-Reactors to a potential user(s) at the
SRP boundary line, DOE would have to construct either open canals or an under
ground pipeline. Consideration was given to the use of open cement—lined
canals with gravity flow, similar to those constructed to carry cooling water
from the P— and R-Reactors to Par Pond. However, this alternative was con
sidered less attractive than the closed pipeline option for both technical and
economic reasons. Several stream valleys and ridge lines would have to be
crossed between the reactors and the SRP eastern and western boundary lines.
Gravity flow canals could only be used from a ridge line to the next stream
valley, from which a closed pipeline and a pumping station would be required
to move the water to the next ridge line.

Water flow in a canal would be by gravity, whereas the pipeline would be under
pressure from the pumps. Therefore, the pipeline could use a shorter,
straight path and follow the existing ground elevation to avoid deep exca
vations and fills. A canal would have to meander along the contours,
requiring a longer route and greater expense. The canal would also produce a
larger potential area of disturbance than the pipeline and, accordingly, would
have a greater potential environmental impact.

A pipeline system would require the following:

0 A pumping station at each reactor with underground reinforced concrete
pits approximately 20 meters deep, each containing l0 pumps capable of
pumping 2.3 cubic meters per second.
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0 Associated control buildings, valves, electrical substations and
switchyards, and access and security facilities.

0 Underground pipelines from each reactor area to the SRP boundary.
Each pipe would be about 2.5 meters in diameter. Both pipes would be
combined into one about 3.7 meters in diameter where the lines
converge. The system would have drain and air valves at low and high
points in the pipes, similar to those in existing wastewater pipelines.

A pipeline could follow several routes from K— and C-Reactors to the SRP
boundary. The closest point on the boundary to either reactor is along the
Savannah River. However, no practical use exists for heated water in this
area because it consists almost exclusively of wetlands. The route to a
usable offsite area with the shortest total length of pipe (Figure I—l) would
start at a new K-Reactor pump station and follow the existing 115-kilovolt
transmission line and control cable between K- and C-Reactors for about h.5
kilometers. A 0.5—kilometer pipeline would run from the new C-Reactor pump
house to connect to that pipeline just north of Road 3. From this connection,
a larger combined pipe would follow the existing South Carolina Electric and
Gas (SCE&G) Company transmission line to the intersection of Roads 2 and C.
From this point, the pipe could either continue along the transmission line or
run parallel to Road C to the SRP boundary near Jackson, South Carolina. The
length of the large pipe would be about 13 kilometers, and the total length of
pipe would be about l8 kilometers.

A second possible route (Figure I-2) would have the small pipes run from each
reactor to a junction at the intersection of Roads B and C near L-Reactor.
From the new pumphouse at C-Reactor, the pipe would follow the C--Area railroad
to Road C, and then parallel Road C to the junction; this pipe would be about
8.5 kilometers long. The pipe from K-Reactor would run parallel to Road B for
about 5.5 kilometers. From this junction, a larger pipe could follow two

routes to the boundary. The shorter route (Route 2-A) would turn south, cross
Myers Branch and the Seaboard Coast Line Railroad, and run approximately
parallel to the SCE&G transmission line for about l0.5 kilometers to a point
on the SRP boundary near the northwest corner of Allendale County. This point
is near a ridge line that bisects the area between SRP and Lower Three Runs
Creek. The large pipe could also continue (Route 2-B) from the junction lh
kilometers along Road B to the SRP boundary east of Par Pond. This point is
near a ridge line that runs south through part of Barnwell County and most of
Allendale County between Lower Three Runs Creek and the Salkehatchie River.
The total lengths of pipe for Routes l and 2 are 2h.5 and 28 kilometers,
respectively.

Although the route to Jackson is the shortest, the pumps at each reactor would
have to be larger than those required for the other routes because the pipe
line would reach its lowest point where it crosses Upper Three Runs Creek; the
system would have to pump water upgrade to the boundary. Stream crossings on
the other routes are at higher elevations.

Depending on the pipeline route selected, 1200- to 1800-horsepower motors
would power the pumps. The rating for each pump would be 1.1 cubic meters per
second and the required power supply per pump would range between 0.995 and
1.5 kilowatts. Because each pumping station would require l0 operating and
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5 redundant pumps, DOE would have to construct an electrical power substation
and special transmission lines. The estimated total DOE construction costs
for pumping stations and pipelines range between $188 and $215 million, and
the estimated annual operating costs would be approximately $18 million
(Table I-1).

Table I-1. Costs for Closed Pipeline to Carry K— and C--Reactor
Cooling Water Offsite

West East
pipeline pipeline

Item (Figure I-l) (Figure I-2)

Length of route (kilometers) 2h.5 28

Capital costs ($ million)
Pipeline hh 6h

Pumps and accessories, installed 92 92

Contractor operations and profit 27 31

Design 25 28

Total capital costs ($ million) 188 215

Operating costs per year ($ million)
Power (at $.06/kWh) 13 13

Operations and maintenance 5 5

Total operating costs per year ($ million) 18 18

DOE estimates that it would require about 12 to 15 months to design the
pipeline, and about 2h months to construct the shortest system or 32 months to
construct the longest route. The workforce is estimated to be 25 personnel
for operations and 15 for maintenance.

I.3.2 SOIL WARMING

Warming of crop soils to higher temperatures during the cooler months has been
tested experimentally as a method of increasing agricultural productivity.
SCERI (11978), in its assessment of potential applications at SRP, reported on
soil warming experiments that produced a variety of effects on growing crops:
longer growing seasons, higher quality vegetables, and sometimes significant
increases in yields. However, artificial warming of the soil has also been
found to cause substantial reductions in yields of some crops. A system using
waste heat to provide soil warming would include the following necessary
components:

0 The availability of land suitable for crop production
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0 Sufficient labor, management, and equipment to produce a crop

I An extensive system of buried pipelines for the transfer of heat to the
soil

0 An irrigation system to alleviate the increased evapotranspiration
caused by higher soil temperatures

Temperatures higher than 32.2°C have been found to decrease crop growth
significantly. Some crops have a critical temperature limit as low as 13°C
(Ontario Department of Agriculture and Food, 1978). Thus, the use of K— and
C-Reactor discharges for soil warming, given an estimated delivery range
between 52°C and 75°C, would require a method to lower the temperature
before the cooling water could be used for soil warming.

The SCERI (1978) assessment determined that a volume of 21.5 cubic meters per
second of water at a temperature of 32.2°C, distributed through a subsurface
pipeline, would warm and maintain the soil temperature of a 1000-acre field
during early spring. This would allow an approximate 5.6°C reduction in the
temperature of the cooling water. Using a combined reactor cooling water
effluent volume of 22.6 cubic meters per second at a maximum discharge temper
ature of 75°C, an estimated additional 50 cubic meters per second of local
ambient surface water (at a March ambient Savannah River temperature of
l3°C) would be required to provide 32.2°C effluent water for soil
warming. Based on SCERI calculations of water distribution, approximately
3395 acres of agricultural land could be warmed using this method. However,
the quantity of additional local surface water required to cool the reactor
effluent to meet soil warming needs is approximately one sixth of the average
annual Savannah River stream flow (295 cubic meters per second) near the SRP.

Reactor operations at the Savannah River Plant would have a significant effect
on the supply of heated water available for soil warming. DOE cannot ensure a
continuous supply of heated water due to frequent reloading and maintenance
activities at the reactors; thus, system users would have to depend on other
means for warming the soil when the supply of cooling water from the reactors
was not available.

Because soil warming for agricultural purposes is required only during the
coldest portions of the year, this method of heat dissipation would not be
feasible during the warm seasons. For this reason and because of the need to
cool reactor effluents to levels acceptable to plant growth requirements while
using only reasonable volumes of local surface waters, the soil warming appli
cation would not preclude the need for cooling towers at the SRP.

Based on its assessment of the soil warming application, SCERI (1978)
concluded that the potential limited benefits of soil warming do not justify
the costs for such a system. Soil warming is useful for, at most, 6 months
per year and the use of SRP waste heat is not replacing (and conserving)
another energy source because soil warming is not practiced commercially.
Estimated costs to the user for installation of the soil warming equipment are
$5000 per acre for what is only an experimental system. The small profit
margin for crops that do well on large acreages makes the additional soil
warming investment economically unsound for large farms.
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In addition to the costs associated with the soil warming equipment and
agricultural production, the user would be responsible for all National
Pollutant Discharge Elimination System (NPDES) permit requirements for the
ultimate disposal of the reactor cooling water effluent after use in the soil
warming application.

The estimated costs of the DOE delivery of K— and C--Reactor cooling water to
the offsite user location would be the same as those discussed for irri
gation. The estimated total construction costs for pumping stations and pipe
lines for soil warming range between $188 and $215 million, and the estimated
annual operating costs for these delivery systems would be approximately $18
million. These costs would be in addition to the DOE costs for construction
and operation of the anticipated cooling towers for K— and C--Reactors.

I.3.3 GREENHOUSE HEATING

SCERI (1978) determined that, of the five potential applications it evaluated
for the utilization of SRP waste heat, greenhouse heating appeared to be the
best prospect. However, as with the other options, SCERI concluded that this
application could not be a major use of the waste heat, but it could be incor
porated into an industrial/agricultural park as one of the last recipients in
an energy cascade. Based on its review of the greenhouse application, ADL
(1983) concluded that "some greenhouse operations might be possible and could
represent an interesting demonstration activity. However, the presence of low
cost heat is not likely to be a sufficient incentive to attract any truly
commercial activities."

SCERI (1978) cited a report (Boyd et al., 1977) on an experimental greenhouse
facility in Minnesota that used cooling water waste heat from a powerplant of
Northern States Power Company for both heating and cooling purposes. This
greenhouse has been used for the successful production of tomatoes, lettuce,
and roses during the winter.

The Pennsylvania Power and Light Company (PPL) has established a greenhouse
complex at its Montour Steam Electric Station (a coal—fired powerplant in east
central Pennsylvania) to deliver heat to greenhouse operators (PPL, 1982).
PPL uses the discharge from the plant's cooling towers rather than directly
from the condensers because the greenhouse operators could not process water
warmer than h5°C. Based on a flow rate of 0.022 cubic meter per second of
37.8°C cooling water (annual average) per acre of greenhouse, this system,
as presently operating, has the capacity to supply 3h or 17 acres of green
houses with or without pump assistance, respectively. At the time of the
report, 13 greenhouse acres were under cultivation. This application utilizes
approximately l percent of the plant's cooling water with an approximate
5.6°C reduction (to 32.2°C) in cooling water temperature for return to the
plant.

The PPL greenhouses employ an underfloor heating system and an overhead (air
heater) system. Each greenhouse operator had to install full—capacity gas— or
oil—fired backup heating systems and self-draining pipes to ensure the mainte
nance of suitable temperatures in the greenhouse during powerplant outages and
extremely cold periods.
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If the PPL figures are used as a basis for estimating the amount of greenhouse
area necessary to lower the temperature of the cooling water discharges from
K— and C--Reactors without cooling towers and still meet a discharge temper
ature of 32.2°C, 30.2 cubic meters per second of local surface water at
ambient Savannah River temperature in January (approximately 10°C) for
dilution/cooling and 2h02 acres (not including associated equipment and access
areas) of greenhouses would be required.

PPL estimates that its 3h—-acre greenhouse cost $35,650 per acre to construct
and that the annual heating cost (annual charge for the pipeline) is about
$13,290 per acre (PPL, 1982). The SCERI (1978) study at SRP estimated the
capital costs of greenhouse construction at $43,560 per acre, with an annual
energy cost of $7675 per greenhouse acre.

Based on an estimate of 2h02 acres of greenhouses needed to dissipate the
waste heat from K— and C-Reactor discharges without a cooling tower and meet a
32.2°C discharge temperature, greenhouse construction costs (excluding costs
for the delivery of cooling water from the reactors) would range between $86
and $105 million; annual energy costs would range between $18 and $32 million.

When the heat in the water used for greenhouse heating is not dissipated to
required levels, discharge of this water would require a cooling system, such
as a cooling tower, to meet South Carolina water—quality standards.

I.4 POTENTIAL AQUACULTURAL APPLICATIONS

I.4.l PRAWN PRODUCTION

The SCERI (1978) report found that, for biological, technical, and economic
reasons, the freshwater prawn (Macrobrachium rosenbergii) was the only crus
tacean with commercial culture potential at the SRP. However, because no
commercial prawn farms of the type envisioned exist, the SCERI report con
cluded that extensive pilot—scale testing and research would be required to
determine the extent of this economic potential.

The SCERI study determined that the greatest potential for commercially
successful prawn farming in the local area would result from the use of a
combination of very intensive indoor and outdoor culture systems. A produc
tion plan was proposed for a controlled—environment pilot operation that would
utilize indoor tanks for the brood—stock, hatchery, and nursery phases and
outdoor ponds for the production phase, during which juvenile prawns would be
grown to marketable size. The local climate is such that prawn culture can
occur outdoors only during the warmer months of the year. Thus, the cooling
water from K— and C--Reactors could contribute heat to an aquaculture operation
during the colder months. The low—level waste heat from SRP reactor cooling
water could be used to maintain water temperatures in a range favorable to
prawn growth (26-30°C), making year—round production possible. However, the
presence of tritium in the reactor cooling water precludes direct contact with
the prawn culture medium [21 USC 321(5) and 342(a)(7)]; therefore, waste heat
could only be used indirectly, througti a heat—exchange system, to heat the
culture water. This would necessitate the local availability of large volumes
of high-quality water (uncontaminated with biocides from agricultural uses,
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industrial wastes, etc.) for the culture medium. In addition, the commercial
feasibility of using SRP waste heat for prawn production would depend on the
cost of the heat—exchange system best suited for large-scale production, which
could be determined only through pilot—scale testing.

Water temperatures higher than 33°C are detrimental to prawn growth;
accordingly, during the warmer periods of the year, the use of outdoor ponds
for heat dissipation would be negligible. (Intensive indoor tank culture
would allow year—round use, but would require only relatively small volumes of
reactor cooling water for tank warming.) Conversely, a continuous supply of
heated cooling water would have to be provided to the prawn farm during the
colder months. Any significant interruptions in this flow could result in the
complete loss of the prawn crop. Therefore, a backup heating system would be
required to ensure controlled maintenance of suitable temperatures during
periods of reactor shutdown.

The SCERI report concluded that the potentially most feasible and economically
successful system for prawn production using SRP waste heat would be with
intensive management techniques using small (1/h-acre) ponds and maintaining
high densities of individuals in the ponds. The estimated potential produc—
tion from such intensively managed units ranges from about 6000 to 8100 kilo
grams of whole prawns per acre per year. The type of system envisioned by the
SCERI studies would use 10 to 100 acres of growout ponds plus associated
hatchery and nursery facilities. SCERI assumed that circulation of SRP heated
water would be required for 8 months of the year. During the coldest periods,
SCERI estimated that a maximum volume of 0.022 cubic meter per second of
38°C reactor cooling water effluent (assuming that pond water could be
heated 14° to 17°C via the heat exchangers) would be required for heating
each 1/6-acre pond. Considering the maximum prawn farm size suggested by
SCERI of 100 acres, pond heating during the coldest portion of the year would
be able to utilize only 8.8 cubic meters per second (39 percent) of the total
cooling water effluent from K— and C-Reactors. Some other form of cooling of
the effluent would be required for the remaining volume (13.8 cubic meters per
second) to meet regulatory requirements. Also, SCERI determined that addi
tional cooling of the reactor effluent (to reduce the temperature to 38°C)
would be required before passage through the culture system heat exchangers
for maintenance of suitable temperatures in the ponds.

The use of cooling water from K— and C-Reactors for prawn production would
require the delivery of this water via a pipeline to an offsite prawn
producer(s). In addition to the costs associated with the delivery of the
cooling water (estimated construction costs of between $188 and $215 million
and estimated annual operating costs of about $18 million), cooling systems
(once-through or recirculating cooling tower) would still be required to meet
environmental standards during the warm season when the prawn producer(s)
would not need the cooling water from the reactors.

I.h.Z CATFISH PRODUCTION

The SCERI report (11978) examined raising such noncrustacean food organisms as
clams, eels, and exotic fish such as tilapia. Due to the lack of literature
on the potential environmental impacts for an inadvertent introduction of
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these species into the South Carolina environment, and due to specific tech
nical difficulties with the culture of each species, SCERI eliminated most of
these candidates from further consideration as potential aquaculture
products. However, it did consider channel catfish (Ictalurus punctatus)
culture as a potential application. Catfish farming is presently centered
along the Mississippi River, particularly in Louisiana, Mississippi, and
Arkansas, where the major portion of the product market also exists. In
comparison to the freshwater prawn, the per pound value of catfish is lower
and, while prawns are relatively disease-free, catfish are particularly
susceptible to certain bacterial, viral, fungal, and algal diseases that often
occur under culture conditions. Because these factors would greatly influence
the economic feasibility of a commercial catfish operation using reactor waste
heat, SCERI determined that the establishment of a research facility would be
required to develop the technology of growing catfish in heated ponds and
raceways and to develop strains that would be better able to cope with
stressful environments and diseases.

Channel catfish have optimum growth and feed conversion at relatively high
temperatures (28.9“-3l.l“C). Using SRP waste heat, a catfish culture
system could expand what would normally be 7 to 8 months of production in the
southeastern United States to year—round production. However, the presence of
tritium in the reactor cooling water precludes direct contact with the catfish
culture medium [21 USC 32l(s) and 3h2(a)(7)]; therefore, waste heat could only
be used indirectly, through a heat—exchange system, to heat the culture
water. This would necessitate the local availability of large volumes of
high—quality water (uncontaminated with biocides from agricultural uses,
industrial wastes, etc.) for the culture medium. In addition, the commercial
feasibility of the use of SRP waste heat for catfish production would depend
on the cost of the heat—exchange system best suited for large-scale produc
tion, which could be determined only through pilot—scale testing.

Optimum catfish production requires culture water temperatures of 28.9” to
31.l°C. Water temperatures must remain above l5.6°C if the fish are to
continue to grow throughout the year; at temperatures greater than 32.2°C,
the fish do not feed regularly. Accordingly, during the warm periods of the
year, the use of outdoor ponds for reactor heat dissipation would be negli
gible. Conversely, a continual supply of heated cooling water would have to
be provided to the catfish farm during the colder months; any significant
interruptions in this flow could result in complete loss of the catfish crop.
Therefore, a backup heating system would be required to ensure maintenance of
suitable temperatures during periods of reactor shutdown.

Open ponds are the most common facilities used in catfish production, and
their cost in relation to the volume of fish produced is less than that of
other facilities such as cages and raceways. Cage culture accounts for only a
small proportion of commercial production, used where the culture water is not
readily seined (for collection of grown fish). Additional research is
required before cage culture could be adopted on a wide scale. Raceways are
generally used when only a small amount of land is available for farming. In
pond culture, spawning and fry-rearing ponds are usually 1 acre in size, while
the most profitable size for growing ponds appears to be 20 acres.
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While the SCERI (1978) study did not quantify potential cooling water use or
the degree of heat dissipation possible using a heat—exchange system with
catfish production ponds, the limitations for waste heat utilization probably
would be similar to those for prawn pond farming; that is, (1) that pond
heating could utilize only a fraction of the cooling water available from
K— and C--Reactors, and (2) that the volume of cooling water that could be
utilized for pond heating would require some precooling prior to passage
through the heat—exchange system. As with prawn farming, these limitations
would necessitate an additional means of reactor effluent cooling to meet
regulatory requirements and to make available a usable source of waste heat.

The SCERI study (1978) estimated that it could cost as much as $20,000 to
construct a 20-acre pond. Construction of a 50—acre pond would require an
estimated $60,000. Enclosing the hatcheries and brooding tanks could double
the costs. In addition, SCERI estimated that annual operational costs could
amount to more than $1 million for every 6h0 acres of ponds.

The use of cooling water from K— and C-Reactors for catfish production would
require the delivery of the cooling water via a pipeline to an offsite
producer(s). In addition to the costs associated with the delivery of this
water (estimated construction costs of between $188 and $215 million and
estimated annual operating costs of about $18 million), cooling systems (once
through or recirculating cooling tower) would still be needed to meet South
Carolina water classification standards during the summer, when the catfish
producer(s) would not need the cooling water from K— and C-Reactors.

I.5 ETHANOL PRODUCTION

The technology for ethanol production is fully established; a considerable
amount of development and market research has been completed during the past
decade. The largest markets for ethanol would be as fuel for engines or as
gasoline blending stock (gasohol). The market for gasohol currently exists.
At present, however, this market in the United States cannot compete economi
cally with the price of gasoline.

Even though gasohol marketing efforts during the past 10 years have diminished
with the decrease of subsidy support from tax credits and the reduction of
economic incentives with the fall in crude oil prices, there is still a poten—
tial for ethanol to help offset declining U.S. crude oil production. Due to
its strong octane-enhancing properties, a barrel of alcohol displaces more
than a barrel of crude oil.

Waste heat from K— and C-Reactors at 77"C could be used economically for
ethanol production until it reaches 55°C; technically, it is possible to use
this heat to a minimum of 32.2°C. The ethanol production process is a batch
activity, during which cooling water must be supplied continuously. Because
the production process could lOt always accept the waste heat, the ethanol
facility would require a cooling water system to meet the South Carolina
water—quality standards.

The Office of Technology Assessment (OTA) prepared a study to evaluate ethanol
production potential (OTA, 1980). A slurry of biomass material (grains are
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preferred but other crops can be used) would be prepared at ambient temper
ature; it would be heated to about 90"C to promote enzyme development. The
high—temperature enzyme addition accelerates the fermentation process. After
fermentation, a mechanical separator would remove the solids, fibers, and par
ticles from the slurry. Depending on the biomass source, the removed solids
could be dried, caked, and used as animal feed. This drying operation would
start at about 90"C and require a temperature higher than 100°C to be
efficient; therefore it would not be a potential application for the waste
heat from K- and C—Reactors because the cooling water temperatures are too low.

The use of the available waste heat for the major energy requirement (i.e.,
the distillation and purification operation) for this process would require a
departure from the normal commercial practice — performance of the distil
lation at a partial vacuum pressure. This would lower the reboiler temper
ature requirement, but it would add significantly to the required capital
costs. Of even greater concern, this departure would remove the process from
a well—established commercial practice.

The OTA report (1980) concludes that a 38 to 189-mi11ion—liter—per—year
process plant was the largest that should be built, due to the requirements
for transporting the biomass material to the facility and for transporting the
ethanol to market and the byproduct (the dried stillage) to a disposal point
or a secondary market. The OTA report states that an acre of corn could
produce 6h0 to 980 liters of ethanol per year in such a process. This report
estimates that the ethanol production costs for a 189—million—liter—per—year
plant would be about $0.32 per liter and that product delivery costs would be
about $0.08 per liter, for a total product cost of $O.hO per liter. OTA
further concluded that ethanol as an 0ctane—boosting additive to gasoline
would not be economical until crude oil prices ranged from $20 to $30 per
barrel (in 1980 dollars). If the SRP waste heat were provided free to the
producer, the savings realized would only be about $0.02 per liter, which
would not be of great importance in a decision to build such a plant.

A variety of biomass feedstocks could be used in the process. The OTA (1980)
and Rogers (1980) studies indicate that the best crops are corn or grain
sorghums. Both of these grains produce a solid byproduct that is suitable for
processing as an animal feed. Because the Savannah River Plant is not located
in a major corn or grain growing area, crop transportation costs would be sig
nificant. Also, as indicated above, existing ethanol production facilities
are operating at well below full capacity due to depressed crude oil prices.

Clemson University (Cross et al., 1982) studied the feasibility of using waste
heat from SRP reactors and root crops such as sweet potatoes and Jerusalem
artichokes as feedstock. The estimated production costs of ethanol using
these crops ranged from $0.02 to $0.05 per liter, excluding the cost of the
feedstock. This study indicated that further study along these lines would
not be productive unless a significant cost—reduction breakthrough in har
vesting or processing technology is achieved.

I.6 SUMMARY

None of the potential applications for the utilization of SRP waste heat are
considered substitutes for cooling water systems because of institutional,
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technical, and economic problems. Rather, such costs are considered additive
to the construction and operation of cooling water systems for K- and
C-Reactors. Reactor cooling water cannot be used directly on crops or other
food products because of the presence of tritium in the cooling water dis
charges. This precludes direct contact use for irrigation of crops and as an
aquacultural growth medium. Reactor effluent could be used indirectly in
agriculture or aquaculture through the warming of crop soils or the heating of
greenhouses or prawn or catfish culture ponds, requiring the use of expensive
heat—exchange systems. Such agricultural and aquacultural applications are of
seasonal value, required only during the coldest months of the year. Even
during the period of use, these applications alone would not dissipate suffi
cient waste heat to meet State temperature discharge requirements. These
potential applications, as well as an ethanol production facility, would
require significantly greater capital costs (Table I-2) than recirculating or
once—through cooling towers and would take several years to implement, even if
commercial operators could be identified. For these reasons, the Department
of Energy does not consider the agricultural, aquacultural, and ethanol
production applications to be reasonable alternatives to the construction and
operation of once—through or recirculating cooling towers for K— and
C-Reactors.

Table I-2. Costs for Alternative Cooling Systems and Waste Heat
Applications for K— and C-Reactors

Annual
Capital cost operating cost

Alternative/application ($ million) ($ million)

Once—through cooling towers $87 $0.4
Recirculating cooling towers $190 $2.4
Irrigationa $275-302 $18.4
Soil warminga $275-302 $18.4
Greenhousesb $86-105 $18-32
AquacultureX $280-32h $h—6

Ethanol production $NP° $NP

a. Estimated costs include the costs for once—through cooling towers (because
cooling water discharge temperatures are too high to be used during
summer) and the costs for delivery of cooling water to the SRP boundary;
they do not include costs of user irrigation, soil warming, or production
systems (ponds).

b. Estimated costs do not include the costs of delivery of cooling water
discharges or of the cooling system that might be required for discharge
of the warm water from the greenhouse.

c. NP = Technology not practicable unless gasoline prices rise significantly
or there is a cost reduction breakthrough in harvesting feedstock or
processing technology. (Note: The estimated capital cost of an ethanol
production facility would exceed several hundred million dollars).
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APPENDIX J
COMENTS AND DOE RESPONSES ON

DRAFT ENVIRONMENTAL IMPACT STATEMENT
ALTERNATIVE COOLING WATER SYSTEMS

During the public comment period from March 28 through May 19, 1986, the U.S.
Department of Energy (DOE) received 27 statements and/or comment letters on
the draft version of this environmental impact statement (EIS). In addition,
three comment letters were received after May 19, 1986. The 30 statements and
letters included eight from Federal agencies, seven from agencies and offices
of the States of Georgia and South Carolina, five from individuals associated
with various colleges and universities, two from members of the United States
House of Representatives, and eight from concerned individuals.

This appendix presents the individual statements and/or comment letters and
DOE's responses to them. If a comment has led to a text revision in this EIS,
the revision is identified with a vertical line in the margin, a comment
letter, and a number designation. Table J—l lists the comments received, and
Table J—2 lists the individual comments and DOE responses.

Coments received at the public hearings and during the subsequent comment
period dealt with the following issues:

0 Alternative uses of cooling water for various agricultural,
aquacultural, and power production purposes

I Cost breakdown, present worth analysis, projected lifetime, and thermal
performance for cooling towers

1 Establishment of an independent review group for all environmental
impact statements

0 Preference for recirculating cooling towers due to cost and
environmental soundness

0 Impact of chlorination and corrosion inhibitory compounds upon the
aquatic environment

0 Incorporation of predictive Section 316(a) type information

0 Analysis of entrainment of fish eggs and larvae

DOE has responded to all these issues and has included additional information
in some chapters and appendixes as appropriate.
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Designation

AA>'<

AB»?

AC2X:

AD2'c

AE>'<

AFB’:

AG>X<

AH*

AI*
AJ*
AK*
AL)X:

AM

AN

AO

AP

AQ
AR

AS
AT

AU

AV

AW

AX

AY
AZ

BA

BB

BC

BD

*Comments or statements

Table J—l.

EIS on April 30, 1986.

Comments and Statements Received on the
Alternative Cooling Water Systems
Environmental Impact Statement

Individual or organization

Henry D. McMaster
Heinz J. Mueller
Harry Busbee
William N. Wheeler
Bart Ruiter
Richard Hegg
Roger Dale Wensil
Richard Dickison
Frank Watters
Diane Mahoney
Sam Schillaci
William F. Lawless
Ralph F. Cullinan
Sherman R. Ellis
Willian D. Anderson, Jr.
Bruce Rippeteau
J. Leonard Ledbetter
Richard W. Riley
Richard 0. Hegg
Charles E. Lee
Danny L. Cromer
Hilary J. Rauch
Thomas F. Hartnett
Butler Derrick
John C. Villforth
Don L. Klima
Dan M. Mauldin
James A. Joy, III
Jack E. Ravan
Bruce Blanchard

received at public hearing held by DOE on the Draft
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it
m
a
y
e
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e
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e
a
lt
e
rn
a
ti
v
e
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e
d

(i
.e
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d
e
ch
lo
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n
a
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o
n

v
s
p
o
n
d
s
a
ft
e
r
th
e
co
o
l

in
g
to
w
e
rs
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It
sh
o
u
ld
b
e
n
o
te
d
th
a
t
th
e

A
m
b
ie
n
t
W
a
te
r
C
ri
te
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a

fo
r
C
h
lo
ri
n
e

D
o
cu
m
e
n
t

(E
P
A
/5
-4
0
-O
3
0
)

re
co
m
m
e
n
d
s

a

to
ta
l
re
si
d
u
a
l

ch
lo
ri
n
e

o
f
ll
u
g
/l
fo
r
a
n
in
st
re
a
m

co
n
ce
n

tr
a
ti
o
n
.

S
in
ce
th
e
re
a
ct
o
r
co
o
lin
g
w
a
te
r
is

b
a
si
ca
lly

th
e
st
re
a
m
,
th
e
d
is
ch
a
rg
e

o
f
th
e
se

w
a
te
rs
w
o
u
ld
n
e
e
d
to
m
e
e
t
ll
u
g
/l
.
If
it
is

fe
lt
b
y
S
R
P
th
a
t

a

h
ig
h
e
r
to
ta
l
re
si
d
u
a
l

ch
lo
ri
n
e
is
w
a
rr
a
n
te
d

o
th
e
r
th
a
n
th
a
t
a
b
o
v
e
,
w
e

w
o
u
ld
lik
e
th
is
to
p
ic
to
b
e
fu
rt
h
e
r
d
is
cu
ss
e
d

a
n
d
ju
st
if
ie
d

in
th
e
FE
IS
.
It
sh
o
u
ld
b
e
n
o
te
d

th
a
t

a

m
ix
in
g
zo
n
e
o
th
e
r
th
a
n
im
m
e
d
ia
te
ly

a
t

th
e
o
u
tf
a
ll

w
ill
n
o
t
b
e
co
n
si
d
e
re
d
.

T
h
e
D
e
p
a
rt
m
e
n
t
h
a
s
a
d
v
is
e
d
y
o
u
p
re
v
io
u
sl
y

in

a

le
tt
e
r
d
a
te
d
M
a
rc
h
4
,
l9
8
5
th
a
t
b
o
th
re
ci
rc
u

la
ti
n
g
co
o
lin
g
to
w
e
rs
a
n
d
o
n
ce
th
ro
u
g
h
co
o
lin
g

to
w
e
rs
sa
ti
sf
y

st
a
te
st
a
n
d
a
rd
s.

W
e
a
ls
o
st
a
te
d

th
a
t
fo
r
th
e
a
lt
e
rn
a
ti
v
e
s

ch
o
se
n
in
th
e
T
h
e
rm
a
l

D
O
E
p
la
n
s
to
d
e
ch
lo
ri
n
a
te

K
-
a
n
d
C
-R
e
a
ct
o
r

co
o
lin
g
w
a
te
rs
p
ri
o
r
to
d
is
ch
a
rg
e

fr
o
m
th
e

co
o
lin
g
to
w
e
rs
to
o
n
si
te

st
re
a
m
s.

D
is
cu
ss
io
n

o
f
th
e
m
e
th
o
d
to
b
e
u
se
d
a
n
d
a
n

a
ss
e
ss
m
e
n
t
o
f
th
e
p
o
te
n
ti
a
l

im
p
a
ct
b
a
se
d
o
n

th
e
re
su
lt
s

o
f
ch
lo
ri
n
a
ti
o
n
/d
e
ch
lo
ri
n
a
ti
o
n

st
u
d
ie
s
co
n
d
u
ct
e
d
a
t
S
R
P
h
a
v
e
b
e
e
n
in
cl
u
d
e
d

in
C
h
a
p
te
r

4

w
it
h
a
d
d
it
io
n
a
l

su
p
p
o
rt

in
fo
rm
a
ti
o
n

p
ro
v
id
e
d
in
A
p
p
e
n
d
ix

C

o
f
th
e

FE
IS
.

C
h
lo
ri
n
e
is
th
e
o
n
ly
b
io
ci
d
e

p
la
n
n
e
d
fo
r
u
se

in
th
e
co
o
lin
g
to
w
e
rs
.
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u
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M
it
ig
a
ti
o
n

st
u
d
y
th
a
t
3
l6
(a
)
st
u
d
ie
s
w
o
u
ld
n
e
e
d
to

b
e
d
e
v
e
lo
p
e
d
a
n
d
im
p
le
m
e
n
te
d
to
a
ss
u
re
th
a
t
th
e

ri
se
a
b
o
v
e
a
m
b
ie
n
t
st
re
a
m
te
m
p
e
ra
tu
re

(t)

w
o
u
ld

n
o
t
a
d
v
e
rs
e
ly

im
p
a
ct
th
e
re
ce
iv
in
g

st
re
a
m
.

In
fu
rt
h
e
r
re
v
ie
w
o
f
th
e
D
E
IS
so
m
e
co
n
ce
rn
s
h
a
v
e

su
rf
a
ce
d

fr
o
m
th
is
o
ff
ic
e

o
n
w
h
e
th
e
r
o
r
n
o
t

o
n
ce
-t
h
ro
u
g
h

co
o
lin
g
to
w
e
rs
a
re
ca
p
a
b
le
o
f

d
e
m
o
n
st
ra
ti
n
g

a

su
cc
e
ss
fu
l

3
l6
(a
)
st
u
d
y
.

T
h
e
st
re
a
m
s
to
w
h
ic
h
th
e
re
a
ct
o
r
co
o
lin
g
w
a
te
r
w
ill

d
is
ch
a
rg
e

a
re
C
la
ss

B

w
a
te
rs
.

T
h
e
W
a
te
r

C
la
ss
if
ic
a
ti
o
n

a
n
d
S
ta
n
d
a
rd
s

(R
e
g
.
6
l-
6
8
)
fo
r
C
la
ss

B

w
a
te
rs
co
n
ce
rn
in
g

te
m
p
e
ra
tu
re

st
a
te
:

"T
h
e
w
a
te
r
te
m
p
e
ra
tu
re

o
f
a
ll.
..
C
la
ss

8

fr
e
e

fl
o
w
in
g
w
a
te
rs
sh
a
ll
n
o
t
b
e
in
cr
e
a
se
d

m
o
re
th
a
n

5
°F
(2
.8
°C
)
a
b
o
v
e
n
a
tu
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l
te
m
p
e
ra
tu
re
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n
d
it
io
n
s

o
r
e
x
ce
e
d

a

m
a
x
im
u
m
o
f
9
0
°F
(3
2
.2
°C
)

a
s

a

re
su
lt
o
f
th
e
d
is
ch
a
rg
e

o
f
h
e
a
te
d
liq
u
id
s

u
n
le
ss

a

d
if
fe
re
n
t

te
m
p
e
ra
tu
re

st
a
n
d
a
rd

a
s

p
ro
v
id
e
d
fo
r
in
S
e
ct
io
n
E
.
h
a
s
b
e
e
n

e
st
a
b
lis
h
e
d
,

a

m
ix
in
g
zo
n
e
a
s
p
ro
v
id
e
d
in
D
.(
5
)

h
a
s
b
e
e
n
e
st
a
b
lis
h
e
d
,

o
r

a

S
e
ct
io
n
3
l6
)

d
e
te
rm
in
a
ti
o
n

u
n
d
e
r
th
e
Fe
d
e
ra
l
C
le
a
n
W
a
te
r
A
ct

h
a
s
b
e
e
n
co
m
p
le
te
d
."

S
in
ce
th
e
d
e
lt
a
5
°F
(2
.8
°C
)
re
q
u
ir
e
m
e
n
t

ca
n
n
o
t
b
e

m
e
t
S
R
P
p
la
n
s
to
co
n
d
u
ct

a

3
l6
(a
)
st
u
d
y
.

In
o
rd
e
r

fo
r
th
is
st
u
d
y
to
b
e
su
cc
e
ss
fu
l

S
R
P
m
u
st

d
e
m
o
n
st
ra
te

th
a
t
u
n
d
e
r
th
e
o
p
e
ra
ti
n
g

co
n
d
it
io
n
s

o
f

th
e
o
n
ce
th
ro
u
g
h
co
o
lin
g
to
w
e
rs
th
e
re
ce
iv
in
g

st
re
a
m
ca
n
m
e
e
t
th
e
re
q
u
ir
e
m
e
n
ts

fo
r

a

C
la
ss

B

st
re
a
m
.

T
h
e
C
la
ss

B

re
q
u
ir
e
m
e
n
ts

a
re
(R
e
g
u
la
ti
o
n

6
l-
6
8
E
.5
).

C
LA
S
S

B

-
fr
e
sh
w
a
te
rs

su
it
a
b
le

fo
r
se
co
n
d
a
ry

co
n
ta
ct

re
cr
e
a
ti
o
n

a
n
d
a
s

a

so
u
rc
e
fo
r
d
ri
n
ki
n
g
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B
B
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B
B
-4

w
a
te
r
su
p
p
ly
a
ft
e
r
co
n
v
e
n
ti
o
n
a
l

tr
e
a
tm
e
n
t
in

a
cc
o
rd
a
n
ce

w
it
h
th
e
re
q
u
ir
e
m
e
n
ts

o
f
th
e

D
e
p
a
rt
m
e
n
t.

S
u
it
a
b
le

fo
r
fi
sh
in
g
a
n
d
th
e

su
rv
iv
a
l

a
n
d
p
ro
p
a
g
a
ti
o
n

o
f

a

b
a
la
n
ce
d

in
d
ig
e
n
o
u
s

a
q
u
a
ti
c
co
m
m
u
n
it
y
o
f
fa
u
n
a
a
n
d

fl
o
ra
.

S
u
it
a
b
le

a
ls
o
fo
r
in
d
u
st
ri
a
l

a
n
d

a
g
ri
cu
lt
u
ra
l

u
se
s.

B
a
se
d
o
n
o
u
r
fu
rt
h
e
r

in
v
e
st
ig
a
ti
o
n

a
n
d
d
is
cu
ss
io
n
s

w
it
h
E
P
A
,
it
is
fe
lt
th
a
t
S
R
P
m
a
y
n
o
t
b
e
a
b
le
to

d
e
m
o
n
st
ra
te

th
a
t
in
d
ig
e
n
o
u
s

sp
e
ci
e
s
a
re
a
b
le
to

re
p
ro
d
u
ce

in
th
e
re
ce
iv
in
g

st
re
a
m
d
u
e
to
e
le
v
a
te
d

te
m
p
e
ra
tu
re
s.

T
h
e
re
fo
re
,
if
S
R
P
sh
o
u
ld
p
ro
p
o
se

a
n
y

a
lt
e
rn
a
ti
v
e

co
o
lin
g

te
ch
n
o
lo
g
y

w
h
ic
h
w
o
u
ld
re
q
u
ir
e

a

3
l6
(a
)
v
a
ri
a
n
ce
,
it
w
ill
b
e
n
e
ce
ss
a
ry

th
a
t
th
e

Fi
n
a
l
E
n
v
ir
o
n
m
e
n
ta
l

Im
p
a
ct
S
ta
te
m
e
n
t
(F
E
IS
)
p
ro
v
id
e

p
re
d
ic
ti
v
e

b
io
lo
g
ic
a
l

d
a
ta
w
h
ic
h
su
b
st
a
n
ti
a
te
s

a

re
a
so
n
a
b
le

p
ro
b
a
b
ili
ty

th
a
t
S
e
ct
io
n
3
l6
(a
)

re
q
u
ir
e
m
e
n
ts

ca
n
b
e
a
ch
ie
v
e
d
.
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.
In
th
e
M
a
y
2
0
th
m
e
e
ti
n
g
a
tt
e
n
d
e
d

b
y
S
R
P
,
E
P
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a
n
d
D
H
E
C
p
e
rs
o
n
n
e
l
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n
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g

th
e
D
E
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,
S
R
P

p
e
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o
n
n
e
l
d
e
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ri
b
e
d
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e
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q
u
e
n
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o
f
e
v
e
n
ts
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r

re
a
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o
r
sh
u
t
d
o
w
n
s.

T
h
e
re
a
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o
r
sh
u
ts
d
o
w
n
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r

a
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v
e
d
a
y
p
e
ri
o
d
a
ft
e
r
e
v
e
ry
3
0
d
a
y
s
o
f

o
p
e
ra
ti
o
n
,

a
lo
n
g
w
it
h

a

2
0
d
a
y
sh
u
t
d
o
w
n
a
ft
e
r

e
v
e
ry
si
x
th

cy
cl
e
.

T
h
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o
ff
ic
e

fe
e
ls
th
a
t
th
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fl
o
w
v
a
ri
a
ti
o
n

m
a
y
ca
u
se
d
e
tr
im
e
n
ta
l

e
ff
e
ct
s

o
n

th
e
re
ce
iv
in
g

st
re
a
m
a
n
d
fe
e
ls
th
e
FE
IS
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o
u
ld

fu
rt
h
e
r
d
is
cu
ss

th
e
fl
o
w
v
a
ri
a
ti
o
n

a
n
d
sh
u
t

S
u
b
st
a
n
ti
v
e

S
e
ct
io
n
3
l6
(a
)
D
e
m
o
n
st
ra
ti
o
n

-
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p
e
in
fo
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a
ti
o
n

re
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n
g

to
K
-
a
n
d

C
-R
e
a
ct
o
rs

a
n
d
th
e
D
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re
a
p
o
w
e
rh
o
u
se

h
a
s

b
e
e
n
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u
d
e
d
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C
h
a
p
te
r

4
o
f
th
e
FE
IS
a
n
d

a

co
m
p
le
te

p
re
d
ic
ti
v
e

S
e
ct
io
n
3
l6
(a
)

D
e
m
o
n
st
ra
ti
o
n

w
ill
b
e
p
ro
v
id
e
d
to
S
C
D
H
E
C
a
t

a
n
a
g
re
e
d
-t
o

d
a
te
.
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a
d
d
it
io
n
,

p
e
r
C
o
n
se
n
t
O
rd
e
r
N
o
.
8
4
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-H

b
e
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e
e
n
D
O
E
a
n
d
S
C
D
H
E
C
,
if
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e
se
le
ct
e
d

co
o
lin
g
w
a
te
r
sy
st
e
m
s
d
is
ch
a
rg
e

te
m
p
e
ra
tu
re

d
o
e
s
n
o
t
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m
p
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w
it
h
th
e
2
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°C

T

a
b
o
v
e

a
m
b
ie
n
t
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m
p
e
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q
u
ir
e
m
e
n
t,

D
O
E
w
ill
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n
d
u
ct
S
e
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n
3
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)
D
e
m
o
n
st
ra
ti
o
n

st
u
d
ie
s
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a
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e
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d
ir
e
ct
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d
u
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n
g
p
la
n
t
o
p
e
ra
ti
o
n
s

w
h
e
th
e
r
th
e
rm
a
l
d
is
ch
a
rg
e

co
n
d
it
io
n
s

w
ill

e
n
su
re
th
e
p
ro
te
ct
io
n

a
n
d
p
ro
p
a
g
a
ti
o
n

o
f

b
a
la
n
ce
d

in
d
ig
e
n
o
u
s

p
o
p
u
la
ti
o
n
s

o
f
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sh
a
n
d

w
ild
lif
e

in
th
e
a
ff
e
ct
e
d

a
re
a
s.

S
e
e
re
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o
n
se

to
co
m
m
e
n
t
B
B
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.
P
o
te
n
ti
a
l

im
p
a
ct
s
fr
o
m
re
a
ct
o
r
sh
u
td
o
w
n
a
n
d
th
e

a
ss
o
ci
a
te
d
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o
w
v
a
ri
a
b
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h
a
v
e
b
e
e
n

a
d
d
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e
d
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C
h
a
p
te
r
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o
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e
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r
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e
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a
in
ty

o
f
m
e
e
ti
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a
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a
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a
n
d
a
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o
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n
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u
g
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o
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g
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w
e
r
a
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e
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a
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v
e
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T
a
b
le
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2
.

D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

C
o
m
m
e
n
t

n
u
m
b
e
r

C
o
m
m
e
n
ts

R
e
sp
o
n
se
s

d
o
w
n
e
ff
e
ct
s

o
n
th
e
a
q
u
a
ti
c
h
a
b
it
a
t.
It
is

fe
lt
th
a
t
th
e
a
b
o
v
e
sh
o
u
ld
b
e
a
d
d
re
ss
e
d

in
th
e

p
re
d
ic
ti
v
e

b
io
lo
g
ic
a
l

d
a
ta
re
q
u
e
st
e
d
to
b
e

p
ro
v
id
e
d
in
th
e
FE
IS
.
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B
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5
.
T
h
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o
ff
ic
e
w
o
u
ld
a
ls
o
lik
e
p
re
d
ic
ti
v
e

S
u
b
st
a
n
ti
v
e

S
e
ct
io
n
3
l6
(a
)
D
e
m
o
n
st
ra
ti
o
n

-

b
io
lo
g
ic
a
l

d
a
ta
to
b
e
in
th
e
FE
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r
th
e

D
-a
re
a
p
o
w
e
rh
o
u
se

w
h
ic
h
w
o
u
ld
su
b
st
a
n
ti
a
te

a

re
a
so
n
a
b
le

p
ro
b
a
b
ili
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th
a
t
S
e
ct
io
n
3
l6
(a
)
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q
u
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e
m
e
n
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ca
n
b
e
a
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m
e
e
t
w
a
te
r

q
u
a
lit
y
st
a
n
d
a
rd
s

th
e
rm
a
l
cr
it
e
ri
a
,

w
h
ic
h
m
a
y

re
q
u
ir
e
su
b
st
a
n
ti
a
l

m
o
d
if
ic
a
ti
o
n

o
f
th
e
a
lt
e
rn
a
ti
v
e

o
r
co
n
si
d
e
ra
ti
o
n

o
f
o
th
e
r
a
lt
e
rn
a
ti
v
e
s)
.

A
ls
o
,
a
s

d
is
cu
ss
e
d

a
b
o
v
e
,
th
e
FE
IS
sh
o
u
ld
co
n
ta
in

th
e

a
d
d
it
io
n
a
l

re
q
u
e
st
e
d
in
fo
rm
a
ti
o
n

a
s
w
e
ll
a
s

a
d
d
re
ss
in
g

th
e
D
E
IS
co
m
m
e
n
ts
.

M
y
st
a
ff
w
ill
b
e
a
v
a
ila
b
le

to
m
e
e
t
w
it
h
D
O
E
,
S
C
D
H
E
C

a
n
d
U
S
FW
S
in
o
rd
e
r
to
a
ss
is
t
in
fu
rt
h
e
r

d
e
fi
n
in
g

th
e
n
e
e
d
e
d
st
u
d
ie
s
a
n
d
d
a
ta
.
W
e
a
p
p
re
ci
a
te

th
e

a
d
d
it
io
n
a
l

ti
m
e
y
o
u
h
a
v
e
g
iv
e
n
u
s
to
co
m
m
e
n
t
o
n
th
e

D
E
IS
.
W
e
h
o
p
e
th
a
t
th
ro
u
g
h
th
e
o
n
-g
o
in
g
cl
o
se

co
o
p
e
ra
ti
o
n

w
it
h
D
O
E
th
e
e
n
v
ir
o
n
m
e
n
ta
l

co
n
ce
rn
s
ca
n

b
e
su
cc
e
ss
fu
lly

re
so
lv
e
d

a
n
d
th
e
m
o
st
a
cc
e
p
ta
b
le
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C
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n
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m
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C
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R
e
sp
o
n
se
s

—
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—
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-_
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S
in
ce
re
ly

y
o
u
rs
,

Ja
ck
E
.
R
a
v
a
n

R
e
g
io
n
a
l
A
d
m
in
is
tr
a
to
r

E
n
cl
o
su
re

cc
:
S
e
e
a
tt
a
ch
e
d

a
lt
e
rn
a
ti
v
e

ca
n
b
e
id
e
n
ti
fi
e
d
.

T
h
e
p
ri
m
a
ry
E
P
A

p
o
in
t
o
f
co
n
ta
ct

fo
r
th
is
p
ro
je
ct
is
H
e
in
z
J.

M
u
e
lle
r,

(F
T
S
)
2
5
7
-7
9
0
1
o
r
(4
0
4
)
3
4
7
-7
9
0
1
.

cc
:
M
r.
Ja
m
e
s
A
.
Jo
y
,
II
I

D
ir
e
ct
o
r

o
f
In
d
u
st
ri
a
l

a
n
d
A
g
ri
cu
lt
u
ra
l

W
a
st
e
w
a
te
r

M
a
n
a
g
e
m
e
n
t
D
iv
is
io
n

S
o
u
th
C
a
ro
lin
a

D
e
p
a
rt
m
e
n
t
o
f
H
e
a
lt
h
a
n
d

E
n
v
ir
o
n
m
e
n
ta
l

C
o
n
tr
o
l

C
o
lu
m
b
ia
,
S
.C
.
2
9
2
0
1

M
r.
R
o
g
e
r
B
a
n
ks
,
Fi
e
ld

S
u
p
e
rv
is
o
r

E
co
lo
g
ic
a
l

S
e
rv
ic
e
s

U
.S
.
Fi
sh
a
n
d
W
ild
lif
e

S
e
rv
ic
e

2
1
7
Ft
.
Jo
h
n
so
n
R
o
a
d

C
h
a
rl
e
st
o
n
,

S
.C
.
2
9
4
1
2

A
T
T
N
:
M
r.
P
re
sc
o
tt

B
ro
w
n
e
ll
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C
o
m
m
e
n
t

n
u
m
b
e
r

B
C
—
7

T
a
b
le
J-
2
.

D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

C
o
m
m
e
n
ts

D
E
T
A
IL
E
D
C
O
M
M
E
N
T
S
FO
R
A
LT
E
R
N
A
T
IV
E

C
O
O
LI
N
G
W
A
T
E
R

S
Y
S
T
E
M
D
E
IS

S
a
v
a
n
n
a
h
R
iv
e
r
P
la
n
t,
A
ik
e
n
,
S
o
u
th
C
a
ro
lin
a

W

r

li

C
u
rr
e
n
tl
y
,

b
o
th
th
e
C
-
a
n
d
K
-R
e
a
ct
o
r

a
re

d
is
ch
a
rg
in
g

co
o
lin
g
w
a
te
r
in
to
Fo
u
r
M
ile
C
re
e
k
a
n
d

P
e
n
B
ra
n
ch
,
re
sp
e
ct
iv
e
ly
,

a
t
te
m
p
e
ra
tu
re
s

a
v
e
ra
g
in
g

7
0
°
to
7
7
°C
(l
5
8
°
to
l7
0
.6
°F
).

T
h
is
e
x
ce
e
d
s
th
e

S
ta
te
o
f
S
o
u
th
C
a
ro
lin
a

W
a
te
r
Q
u
a
lit
y
S
ta
n
d
a
rd
s

(S
C
W
Q
S
)
C
la
ss

B

cr
it
e
ri
o
n

w
h
ic
h
sp
e
ci
fi
e
s

a

m
a
x
im
u
m

in
st
re
a
m

te
m
p
e
ra
tu
re

o
f
3
2
.2
°C

(9
0
°F
).

B
a
se
d
o
n

th
e
ca
lc
u
la
ti
o
n
s

in
th
e
D
E
IS
,
b
o
th
m
a
jo
r

a
lt
e
rn
a
ti
v
e
s

b
e
in
g
co
n
si
d
e
re
d
,

h
e
lp
e
r
a
n
d
cl
o
se
d

cy
cl
e
co
o
lin
g
,

a
p
p
e
a
r
to
m
e
e
t
th
is
m
a
x
im
u
m

te
m
p
e
ra
tu
re

cr
it
e
ri
o
n
.

H
o
w
e
v
e
r,
th
e
re
a
re

a

n
u
m
b
e
r

o
f
a
re
a
s
o
f
co
n
ce
rn
th
a
t
m
u
st
b
e
a
d
d
re
ss
e
d

in
th
e

FE
IS
p
ri
o
r
to
se
le
ct
io
n

o
f

a

fi
n
a
l
co
o
lin
g
sy
st
e
m
.

A
s
in
d
ic
a
te
d
in
th
e
D
E
IS
,
th
e
h
e
lp
e
r
co
o
lin
g

a
lt
e
rn
a
ti
v
e

fo
r
th
e
C
—
a
n
d
K
-R
e
a
ct
o
r

w
ill
n
o
t

a
ch
ie
v
e
co
m
p
lia
n
ce

w
it
h
th
e
2
.8
°C
(5
°F
)
cr
it
e
ri
o
n

a
llo
w
e
d
b
y
th
e
w
a
te
r
q
u
a
lit
y
st
a
n
d
a
rd
s

fo
r

in
cr
e
a
se
s

in
a
m
b
ie
n
t
st
re
a
m
te
m
p
e
ra
tu
re
s.

D
u
ri
n
g

th
e
w
in
te
r
a
n
d
sp
ri
n
g
m
o
n
th
s
p
ro
je
ct
e
d

in
cr
e
a
se
s

w
ill
b
e
1
3
to
l5
°C
(2
3
.4
°
to
2
7
°F
)
b
a
se
d
o
n
T
a
b
le

2
.1
.
S
e
le
ct
io
n

o
f
th
e
h
e
lp
e
r
a
lt
e
rn
a
ti
v
e

w
o
u
ld

re
q
u
ir
e

a

v
a
ri
a
n
ce

to
th
e
te
m
p
e
ra
tu
re

in
cr
e
a
se

cr
it
e
ri
o
n
.

U
n
d
e
r
S
e
ct
io
n
3
l6
(a
)
o
f
th
e
C
le
a
n
W
a
te
r

A
ct
,

a

p
e
rm
it
te
e

fo
r
a
n
N
P
D
E
S
p
e
rm
it
m
a
y
o
b
ta
in

a

v
a
ri
a
n
ce

to
a
p
p
lic
a
b
le

th
e
rm
a
l
lim
it
a
ti
o
n
s
if

a

d
e
m
o
n
st
ra
ti
o
n

ca
n
b
e
m
a
d
e
th
a
t
th
e
a
p
p
lic
a
b
le

lim
it
a
ti
o
n
s

a
re
m
o
re
st
ri
n
g
e
n
t

th
a
n
n
e
ce
ss
a
ry

to

"a
ss
u
re

th
e
p
ro
te
ct
io
n

a
n
d
p
ro
p
a
g
a
ti
o
n

o
f

a

b
a
la
n
ce
d
,

in
d
ig
e
n
o
u
s

p
o
p
u
la
ti
o
n

o
f
sh
e
llf
is
h
,

fi
sh
,

a
n
d
w
ild
lif
e
,

in
a
n
d
o
n
th
a
t
b
o
d
y
o
f
w
a
te
r.
“

R
e
sp
o
n
se
s

S
e
e
re
sp
o
n
se
s
to
co
m
m
e
n
ts
B
B
—
3
a
n
d
B
B
-5
.
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D
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o
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C
o
m
m
e
n
t

n
u
m
b
e
r

C
O
IT
ID
G
H
E
S

R
g
g
p
g
n
se
s

-_
—
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~
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B
C
-8

A

p
re
d
ic
ti
v
e

S
e
ct
io
n
3
l6
(a
)
a
ss
e
ss
m
e
n
t
w
ill
b
e

S
e
e
re
sp
o
n
se
s
to
co
m
m
e
n
ts
B
B
—
3
a
n
d
B
B
-5
.

n
e
ce
ss
a
ry

p
ri
o
r
to
N
P
D
E
S
p
e
rm
it
is
su
a
n
ce

to

d
e
m
o
n
st
ra
te

th
a
t
th
e
le
v
e
l
o
f
th
e
rm
a
l
re
le
a
se

ca
lc
u
la
te
d

fo
r
th
e
h
e
lp
e
r
co
o
lin
g
a
lt
e
rn
a
ti
v
e

(o
r

a
n
y
a
lt
e
rn
a
ti
v
e

w
h
ic
h
w
o
u
ld
n
o
t
a
ch
ie
v
e
co
m
p
lia
n
ce

w
it
h
a
p
p
lic
a
b
le

te
m
p
e
ra
tu
re

re
q
u
ir
e
m
e
n
ts
)

w
o
u
ld

a
ss
u
re

co
m
p
lia
n
ce

w
it
h
3
l6
re
q
u
ir
e
m
e
n
ts
.

T
h
e
re
fo
re
,

to
a
ss
u
re
th
a
t
th
e
3
l6
(a
)
p
ro
ce
ss

p
ro
ce
e
d
s
w
it
h
o
u
t
d
e
la
y
,
it
w
ill
b
e
n
e
ce
ss
a
ry

fo
r

D
O
E
to
p
ro
v
id
e
p
re
d
ic
ti
v
e

b
io
lo
g
ic
a
l

d
a
ta
in
th
e

FE
IS
.
S
u
ch
d
a
ta
m
u
st
d
e
m
o
n
st
ra
te

th
a
t
d
is
ch
a
rg
e

fr
o
m
th
e
a
lt
e
rn
a
ti
v
e

p
ro
p
o
se
d
h
a
s

a

re
a
so
n
a
b
le

ch
a
n
ce
to
a
ch
ie
v
e
3
l6
(a
)
re
q
u
ir
e
m
e
n
ts
.

T
h
a
t
is
,

th
a
t
re
a
so
n
a
b
le

re
p
ro
d
u
ct
io
n

o
f
a
q
u
a
ti
c
o
rg
a
n
is
m
s

w
ill
b
e
e
n
su
re
d
in
b
o
th
th
e
re
ce
iv
in
g

cr
e
e
ks
a
n
d

a
ss
o
ci
a
te
d

m
a
rs
h
a
re
a
s
u
n
d
e
r
a
ll
d
is
ch
a
rg
e

te
m
p
e
ra
tu
re

a
n
d
fl
o
w
co
n
d
it
io
n
s

re
su
lt
in
g

fr
o
m
a
ll

p
la
n
n
e
d
p
la
n
t
o
p
e
ra
ti
n
g

m
o
d
e
s,
a
s
w
e
ll
a
s
p
e
ri
o
d
s

o
f
n
o
rm
a
l
a
n
d
e
x
te
n
d
e
d
sh
u
td
o
w
n
.

D
a
ta
o
n
ra
te
o
f

cr
e
e
k
a
n
d
w
e
tl
a
n
d
d
ra
in
a
g
e
a
s

a

fu
n
ct
io
n

o
f
re
a
ct
o
r

sh
u
td
o
w
n
a
n
d
S
a
v
a
n
n
a
h
R
iv
e
r
st
a
g
e
w
ill
b
e
n
e
e
d
e
d
in

th
is
e
v
a
lu
a
ti
o
n
.

D
a
ta
p
re
se
n
te
d
in
th
e
D
E
IS
in
d
ic
a
te

th
a
t
d
is
ch
a
rg
e

te
m
p
e
ra
tu
re
s

p
re
d
ic
te
d

fo
r
th
e
h
e
lp
e
r
co
o
lin
g
to
w
e
r

sy
st
e
m
d
u
ri
n
g
th
e
sp
ri
n
g
(2
5
to
2
8
°C
)
w
o
u
ld
b
e

h
ig
h
a
n
d
w
o
u
ld
lik
e
ly

p
re
v
e
n
t
th
e
su
cc
e
ss
fu
l

sp
a
w
n
in
g
a
n
d
re
p
ro
d
u
ct
io
n

o
f
m
a
n
y
o
f
th
e
fi
sh

sp
e
ci
e
s
in
d
ig
e
n
o
u
s

to
th
e
S
a
v
a
n
n
a
h
R
iv
e
r
sy
st
e
m
.

A
s
in
d
ic
a
te
d

in
"T
h
e
rm
a
l
P
e
rf
o
rm
a
n
ce
"

b
e
lo
w
,
th
e
se

p
re
d
ic
te
d

te
m
p
e
ra
tu
re
s

m
a
y
b
e
lo
w
.
E
v
e
n
sh
o
u
ld

su
cc
e
ss
fu
l

sp
a
w
n
in
g
o
cc
u
r,
su
b
se
q
u
e
n
t
sh
o
rt
-
o
r

lo
n
g
-t
e
rm

sh
u
td
o
w
n
o
f
th
e
re
a
ct
o
r
co
u
ld
le
a
v
e
th
e

e
g
g
s
o
r
fr
y
in

a

d
ry
o
v
e
rb
a
n
k
a
re
a
o
f
th
e
cr
e
e
ks
o
r

se
ct
io
n
o
f
m
a
rs
h
.

A
d
d
it
io
n
a
lly
,

lo
n
g
e
r
p
e
ri
o
d
s
o
f

sh
u
td
o
w
n
h
a
v
e
h
is
to
ri
ca
lly

b
e
e
n
o
b
se
rv
e
d
w
h
ic
h

m
ig
h
t
fu
rt
h
e
r

co
m
p
o
u
n
d
th
is
im
p
a
ct
.

In
o
rd
e
r
to

o
b
ta
in

a

3
l6
(a
)
v
a
ri
a
n
ce
,
it
w
ill
b
e
n
e
ce
ss
a
ry

fo
r

D
O
E
to
d
e
m
o
n
st
ra
te

th
a
t
th
e
se
co
n
ce
rn
s
a
re
n
o
t
o
f
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C
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B
C
-9

si
g
n
if
ic
a
n
ce

to
th
e
p
ro
p
a
g
a
ti
o
n

a
n
d
p
ro
te
ct
io
n

o
f

th
e
a
q
u
a
ti
c
co
m
m
u
n
it
y
in
b
o
th
th
e
fr
e
e
-f
lo
w
in
g

cr
e
e
ks
a
n
d
a
ss
o
ci
a
te
d

m
a
rs
h
e
s.

A
cc
o
rd
in
g

to
th
e
d
a
ta
in
th
e
D
E
IS
,
th
e
d
is
ch
a
rg
e

fr
o
m
th
e
cl
o
se
d
-c
y
cl
e

co
o
lin
g
a
lt
e
rn
a
ti
v
e

fo
r
b
o
th

th
e
C
—
a
n
d
K
-R
e
a
ct
o
r

w
o
u
ld
e
x
ce
e
d
th
e
a
m
b
ie
n
t

st
re
a
m
te
m
p
e
ra
tu
re

b
y
1
°C
d
u
ri
n
g
w
in
te
r
co
n
d
it
io
n
s

w
h
ile
th
e
te
m
p
e
ra
tu
re

o
f
th
e
e
ff
lu
e
n
t

w
ill
a
p
p
ro
a
ch

th
e
a
m
b
ie
n
t
fo
r
e
x
tr
e
m
e
su
m
m
e
r
co
n
d
it
io
n
s.

U
se
o
f

th
e
cl
o
se
d
-c
y
cl
e

sy
st
e
m
m
a
y
a
ch
ie
v
e
d
ir
e
ct

co
m
p
lia
n
ce

w
it
h
w
a
te
r
q
u
a
lit
y
st
a
n
d
a
rd
s

th
e
rm
a
l

lim
it
a
ti
o
n
s

a
n
d
n
o
3
l6
(a
)
v
a
ri
a
n
ce

w
o
u
ld
b
e

re
q
u
ir
e
d
.

T
h
e
re
fo
re
,

g
re
a
te
r
co
n
si
d
e
ra
ti
o
n

sh
o
u
ld

b
e
g
iv
e
n
to
th
e
cl
o
se
d
-c
y
cl
e

sy
st
e
m
,
if
th
e

b
lo
w
d
o
w
n
te
m
p
e
ra
tu
re
s

n
o
te
d
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T
a
b
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B
-1
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n
b
e

a
ch
ie
v
e
d
(s
e
e
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h
e
rm
a
l
P
e
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o
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a
n
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"

b
e
lo
w
).

T
h
e
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ci
rc
u
la
ti
n
g

co
o
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g
-t
o
w
e
r

sy
st
e
m
s

d
is
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ss
e
d
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th
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fi
n
a
l
E
IS
h
a
v
e
b
e
e
n

m
o
d
if
ie
d

fr
o
m
th
o
se
d
e
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ri
b
e
d

in
th
e
d
ra
ft

E
IS
.
T
h
e
re
ci
rc
u
la
ti
n
g

sy
st
e
m
in
th
e
d
ra
ft

E
IS
a
ss
u
m
e
d
d
e
si
g
n
fo
r
1
0
°C
w
e
t
b
u
lb

te
m
p
e
ra
tu
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a
n
d
2
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°C
a
p
p
ro
a
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.

T
h
is
h
a
s

b
e
e
n
d
e
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rm
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e
d
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b
e
d
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lt

a
n
d
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a
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v
e
.

R
e
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u
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ti
n
g
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o
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g
-t
o
w
e
r

sy
st
e
m
s
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r

a
lt
e
rn
a
ti
v
e
s

n
o
w
b
e
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g
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n
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d
e
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d

a
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d
e
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g
n
e
d
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a
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v
e
2
9
.5
°C
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w
a
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r
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m
p
e
ra
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(C
W
T
)
a
t
2
6
.7
°C
W
B
T
.
W
e
t
b
u
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te
m
p
e
ra
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w
o
u
ld
h
a
v
e
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e
x
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e
d
2
9
.5
°C

b
e
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b
lo
w
d
o
w
n
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m
p
e
ra
tu
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s
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o
u
ld
re
a
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3
2
.2
°C
;
b
a
si
c
d
a
ta
in
d
ic
a
te
s

th
a
t
2
7
.8
°C
W
B
T

w
a
s
e
x
ce
e
d
e
d
o
n
ly
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ic
e
d
u
ri
n
g
th
e
p
e
ri
o
d

fr
o
m
1
9
5
2
th
ro
u
g
h
1
9
8
3
.

C
o
o
lin
g
-t
o
w
e
r

p
e
rf
o
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a
n
ce
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d
e
p
e
n
d
e
n
t
o
n

a
m
b
ie
n
t
a
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n
d
it
io
n
s;

S
a
v
a
n
n
a
h
R
iv
e
r
w
a
te
r

te
m
p
e
ra
tu
re
s

la
g
b
e
h
in
d
se
a
so
n
a
l
a
ir

te
m
p
e
ra
tu
re

ch
a
n
g
e
s.
If
re
ce
iv
in
g

st
re
a
m

te
m
p
e
ra
tu
re
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a
ss
u
m
e
d
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b
e
th
e
sa
m
e
a
s
th
e

S
a
v
a
n
n
a
h
R
iv
e
r
a
n
d
h
is
to
ri
ca
l

m
o
n
th
ly

a
v
e
ra
g
e
te
m
p
e
ra
tu
re
s

a
re
u
se
d
,
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e
2
.8
°C

m
a
x
im
u
m
a
llo
w
a
b
le

te
m
p
e
ra
tu
re

d
if
fe
re
n
ce

b
e
tw
e
e
n
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o
lin
g
-t
o
w
e
r

b
lo
w
d
o
w
n
a
n
d
re
ce
iv
in
g

st
re
a
m
w
ill
b
e
e
x
ce
e
d
e
d
d
u
ri
n
g
th
e
p
e
ri
o
d

fr
o
m
D
e
ce
m
b
e
r
th
ro
u
g
h
Ju
ly
.

M
a
x
im
u
m
m
o
n
th
ly

a
v
e
ra
g
e
d
if
fe
re
n
ce

is
6
.7
°C
in
M
a
rc
h
b
a
se
d

o
n
re
ci
rc
u
la
ti
n
g

co
o
lin
g
-t
o
w
e
r

sy
st
e
m
s

d
e
si
g
n
e
d
fo
r
2
6
.7
°C
W
B
T
w
it
h
2
.8
°C

a
p
p
ro
a
ch
.
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C
o
m
m
e
n
ts

D
u
e
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e
h
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o
w
ra
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o
f
th
e
h
e
lp
e
r
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o
lin
g
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lt
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a
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v
e
,

m
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a
l
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d
u
ct
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n
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e
e
x
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ti
n
g

h
ig
h
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v
e
l
o
f
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e
n
d
e
d
so
lid
s
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o
u
ld
b
e
e
x
p
e
ct
e
d
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e
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in
g
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e
e
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;
e
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e
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a
lly
,
if
th
e
p
ro
p
o
se
d

h
o
ld
in
g
p
o
n
d
s
a
re
e
lim
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a
te
d
.
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h
e
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o
se
d
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y
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e
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st
e
m
,
h
o
w
e
v
e
r,
w
o
u
ld
re
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lt
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a

si
g
n
if
ic
a
n
t

re
d
u
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n

o
f
su
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e
n
d
e
d
so
lid
s
a
n
d
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e
a
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e
n
d
a
n
t
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a
m
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h
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d
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e
n
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o
n
.

A
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o
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e
d
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ss
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n
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"W
e
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a
n
d
",

b
e
lo
w
.

R
e
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o
n
se
s

T
h
e
m
a
x
im
u
m
d
e
lt
a
-T

o
f
2
.8
°C
m
u
st
b
e
m
e
t

co
n
ti
n
u
o
u
sl
y
,

n
o
t
a
s
a
n
a
v
e
ra
g
e
.

N
o
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o
lin
g

to
w
e
r
sy
st
e
m
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n
g
u
a
ra
n
te
e
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m
p
lia
n
ce

w
it
h

th
a
t
m
a
x
im
u
m
a
t
a
ll
ti
m
e
s,

p
a
rt
ic
u
la
rl
y

d
u
ri
n
g
su
d
d
e
n
w
e
a
th
e
r
ch
a
n
g
e
s.

T
h
e

re
ci
rc
u
la
ti
o
n

sy
st
e
m
w
o
u
ld
co
m
e
cl
o
se
r
to

m
e
e
ti
n
g
th
e
d
e
lt
a
-T

re
g
u
la
ti
o
n

th
a
n
th
e

o
n
ce
-t
h
ro
u
g
h

sy
st
e
m
b
e
ca
u
se
it
is
d
e
si
g
n
e
d

fo
r

a
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o
se
r
a
p
p
ro
a
ch

to
a
m
b
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n
t
w
e
t
b
u
lb
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m
p
e
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re
.

T
h
is
is
a
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ie
v
e
d
,

h
o
w
e
v
e
r,
a
t

a

m
u
ch
h
ig
h
e
r
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v
e
st
m
e
n
t
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st
w
it
h
g
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a
te
r
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st
e
m
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m
p
le
x
it
y
.

N
o
n
e
o
f
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e
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ci
rc
u
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ti
n
g
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st
e
m
s
p
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se
n
tl
y

b
e
in
g

e
v
a
lu
a
te
d

in
cl
u
d
e
b
lo
w
d
o
w
n
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o
lin
g

fa
ci
lit
ie
s.

B
lo
w
d
o
w
n
te
m
p
e
ra
tu
re
s

fr
o
m

th
e
se
re
ci
rc
u
la
ti
n
g

sy
st
e
m
s
is
e
x
p
e
ct
e
d
to

b
e
lo
w
e
r
(d
u
e
to
tw
o
co
o
lin
g
to
w
e
rs
in

se
ri
e
s)

th
a
n
th
o
se
w
h
ic
h
o
cc
u
r
a
t

st
e
a
m
-e
le
ct
ri
c

g
e
n
e
ra
ti
n
g

p
la
n
ts
fo
r

co
m
p
a
ra
b
le

a
m
b
ie
n
t
co
n
d
it
io
n
s.

T
h
e
re
fo
re
,

b
lo
w
d
o
w
n
co
o
lin
g
sy
st
e
m
s
u
se
d
b
y
th
o
se

p
la
n
ts
w
o
u
ld
n
o
t
b
e
a
s
e
ff
e
ct
iv
e

fo
r
S
R
P

sy
st
e
m
s.

T
h
e
D
E
IS
d
is
cu
ss
e
d

th
e
d
is
ch
a
rg
e

o
f
to
ta
l

su
sp
e
n
d
e
d
so
lid
s
a
n
d
se
d
im
e
n
ta
ti
o
n

ra
te
s
in

th
e
d
e
lt
a
a
re
a
s
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C
h
a
p
te
r
4
.
D
is
cu
ss
io
n
s

o
n
w
a
te
r
q
u
a
lit
y
a
n
d
h
y
d
ro
lo
g
y
su
m
m
a
ri
ze
d

cu
rr
e
n
t
co
n
d
it
io
n
s

a
n
d
ch
a
n
g
e
s
e
x
p
e
ct
e
d
w
it
h

o
n
ce
-t
h
ro
u
g
h

a
n
d
re
ci
rc
u
la
ti
n
g

sy
st
e
m
s.

T
h
e
m
a
x
im
u
m
fl
o
w
ra
te
d
is
ch
a
rg
e
d

fr
o
m

a

o
n
ce
-t
h
ro
u
g
h

co
o
lin
g
to
w
e
r
w
o
u
ld
b
e
1
1
.3

cu
b
ic
m
e
te
rs
p
e
r
se
co
n
d
,
w
h
ic
h
is
th
e
sa
m
e

a
s
e
x
is
ti
n
g

co
n
d
it
io
n
s.

T
h
e
re
w
o
u
ld
b
e

m
in
im
a
l
re
d
u
ct
io
n

in
th
e
to
ta
l
su
sp
e
n
d
e
d

so
lid
s
fr
o
m
e
x
is
ti
n
g

co
n
d
it
io
n
s.
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e
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e
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o
w
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o
m
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n
g
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A
lt
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d
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s
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te
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n
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o
r
d
is
ch
a
rg
e
s,

th
e
D
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re
a
p
o
w
e
r
p
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n
t

p
re
fe
rr
e
d

co
o
lin
g
a
lt
e
rn
a
ti
v
e

a
p
p
a
re
n
tl
y

w
ill
a
ls
o

re
q
u
ir
e

a

3
l6
(a
)
v
a
ri
a
n
ce
.

P
u
m
p
in
g
o
f
e
x
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ss
w
a
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r

fo
r
th
e
rm
a
l
p
o
llu
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o
n
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n
o
rm
a
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a
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e
p
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d
p
ra
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e
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u
e
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im
p
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e
n
t
a
n
d

e
n
tr
a
in
m
e
n
t

im
p
a
ct
s
a
n
d
o
th
e
r
fa
ct
o
rs
.

In
th
is

ca
se
,
h
o
w
e
v
e
r,
p
u
m
p
in
g
to
m
a
in
ta
in

th
e
3
2
.2
°C

m
a
x
im
u
m
th
e
rm
a
l
cr
it
e
ri
o
n

o
f
th
e
S
o
u
th
C
a
ro
lin
a

W
a
te
r
Q
u
a
lit
y
S
ta
n
d
a
rd
s
w
o
u
ld
a
p
p
e
a
r
to
b
e
th
e

p
re
fe
rr
e
d

a
lt
e
rn
a
ti
v
e
.

P
u
m
p
in
g
d
u
ri
n
g
o
th
e
r

p
e
ri
o
d
s
sh
o
u
ld
b
e
m
in
im
iz
e
d

co
n
si
st
e
n
t

w
it
h

m
a
in
ta
in
in
g

te
m
p
e
ra
tu
re

p
a
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e
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s
d
e
m
o
n
st
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te
d

to
b
e

a
cc
e
p
ta
b
le

fo
r
th
e
p
ro
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ct
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n

a
n
d
p
ro
p
a
g
a
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o
n

o
f
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e
a
q
u
a
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c
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m
m
u
n
it
y
.
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o
rd
e
r
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d
e
m
o
n
st
ra
te

th
e

a
p
p
ro
p
ri
a
te
n
e
ss

o
f

a

v
a
ri
a
n
ce

a
n
d
th
e
e
st
a
b
lis
h
m
e
n
t

o
f
a
p
p
ro
p
ri
a
te

d
is
ch
a
rg
e

te
m
p
e
ra
tu
re
s,
it
is

su
g
g
e
st
e
d
th
a
t
D
O
E
p
re
p
a
re

a

p
ro
p
o
se
d
p
la
n
o
f
p
u
m
p

o
p
e
ra
ti
o
n

a
s

a

fu
n
ct
io
n

o
f
d
is
ch
a
rg
e

te
m
p
e
ra
tu
re

a
n
d
m
o
n
th
o
f
th
e
y
e
a
r
a
s
it
re
la
te
s
to
th
e
lif
e
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a
g
e
s
o
f
th
e
a
q
u
a
ti
c
co
m
m
u
n
it
y
.

T
h
e
b
io
lo
g
ic
a
l

d
a
ta
n
e
ce
ss
a
ry

to
su
p
p
o
rt
a
n
y

re
q
u
ir
e
d
3
l6
(a
)
v
a
ri
a
n
ce

re
q
u
e
st
a
s
w
e
ll
a
s
th
e

H
a
b
it
a
t
E
v
a
lu
a
ti
o
n

P
ro
ce
d
u
re

(H
E
P
)
a
n
a
ly
si
s
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o
u
ld

b
e
d
o
cu
m
e
n
te
d
in
th
e
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IS
.

sy
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e
m
w
o
u
ld
b
e
a
b
o
u
t
0
.5
1
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0
.5
7
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b
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m
e
te
r
p
e
r
se
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n
d
d
u
e
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b
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w
d
o
w
n
.

T
h
e
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l
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e
n
d
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b
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r
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e
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g
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e
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d
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p
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S

p
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w
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a
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B
B
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.

S
e
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m
m
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B
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3
,
B
B
—
5
,
a
n
d

B
C
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.
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p
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p
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ra
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p
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ra
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si
n
ce
th
e
d
is
ch
a
rg
e

te
m
p
e
ra
tu
re
s

co
m
p
u
te
d
a
re
lo
w
.
T
h
is
is
d
u
e
to
th
e
fa
ct
th
a
t

re
ci
rc
u
la
ti
o
n

o
f
co
o
lin
g
w
a
te
r
p
ro
d
u
ce
s

a

b
u
ild
-u
p

o
f
h
e
a
t
in
th
e
co
o
lin
g
sy
st
e
m
a
n
d
h
ig
h
e
r
to
w
e
r

in
le
t
te
m
p
e
ra
tu
re
s

re
la
ti
v
e

to
th
e
d
e
si
g
n
w
e
t
b
u
lb

te
m
p
e
ra
tu
re
.

H
ig
h
e
r
to
w
e
r
in
le
t
te
m
p
e
ra
tu
re
s

p
ro
d
u
ce

a

g
re
a
te
r
d
ri
v
in
g
fo
rc
e
fo
r
to
w
e
r
co
o
lin
g

w
h
ic
h
is
in
co
rp
o
ra
te
d

in
st
a
n
d
a
rd

p
e
rf
o
rm
a
n
ce

cu
rv
e
s
fo
r
cl
o
se
d
-c
y
cl
e

to
w
e
rs
.

A
v
a
ila
b
le

in
fo
rm
a
ti
o
n

h
a
s
b
e
e
n
p
ro
v
id
e
d
to
D
O
E
to
a
llo
w

re
co
m
p
u
ta
ti
o
n

o
f
h
e
lp
e
r
to
w
e
r
d
is
ch
a
rg
e

te
m
p
e
ra
tu
re
s,
if
n
e
ce
ss
a
ry
.

R
e
sp
o
n
se
s

S
e
e
d
is
cu
ss
io
n

o
f
th
e
re
ci
rc
u
la
ti
n
g

co
o
lin
g

to
w
e
r
a
lt
e
rn
a
ti
v
e

in
C
h
a
p
te
r

2

o
f
th
e
FE
IS
.

In
a
d
d
it
io
n

to
th
e
fo
llo
w
in
g

se
e
a
ls
o

re
sp
o
n
se

to
co
m
m
e
n
t
B
C
-4
.

P
e
rf
o
rm
a
n
ce

cu
rv
e
s
u
se
d
in
th
e
e
n
g
in
e
e
ri
n
g

e
v
a
lu
a
ti
o
n
s

w
e
re
p
ro
v
id
e
d

b
y
co
o
lin
g
-t
o
w
e
r

v
e
n
d
o
rs
a
n
d
re
v
ie
w
e
d
b
y
th
e
co
n
su
lt
a
n
t.

E
n
g
in
e
e
ri
n
g

e
v
a
lu
a
ti
o
n

st
u
d
ie
s
w
e
re

co
n
ti
n
u
e
d

fo
r
th
e
re
ci
rc
u
la
ti
n
g

sy
st
e
m

a
lt
e
rn
a
ti
v
e
s

a
ft
e
r
th
e
d
ra
ft
E
IS
w
a
s

is
su
e
d
.

E
st
im
a
te
d

b
lo
w
d
o
w
n
te
m
p
e
ra
tu
re
s

w
e
re
ca
lc
u
la
te
d

fo
r
th
e
re
ci
rc
u
la
ti
n
g

sy
st
e
m

d
e
sc
ri
b
e
d

in
C
h
a
p
te
r

2

o
f
th
e
D
E
IS
a
n
d
fo
r

a
d
d
it
io
n
a
l

a
lt
e
rn
a
ti
v
e
s.

T
h
e
e
v
a
lu
a
ti
o
n

in
cl
u
d
e
d

e
st
im
a
ti
n
g

te
m
p
e
ra
tu
re
s

fo
llo
w
in
g

re
a
ct
o
r
sh
u
td
o
w
n
,
in
cl
u
d
in
g

to
ta
l
lo
ss
o
f

e
le
ct
ri
ca
l

p
o
w
e
r.

T
h
e
m
a
x
im
u
m
fl
o
w
o
f
co
o
lin
g
w
a
te
r
fr
o
m

a

re
a
ct
o
r
to

a

co
o
lin
g
to
w
e
r
is
ll.
3
cu
b
ic

m
e
te
rs
p
e
r
se
co
n
d
.

Fo
r
sh
o
rt
sh
u
td
o
w
n
s,

th
e

fl
o
w
is
3
.3
cu
b
ic
m
e
te
rs
p
e
r
se
co
n
d
,
b
u
t
fo
r

lo
n
g
sh
u
td
o
w
n
s
th
e
fl
o
w
is
re
d
u
ce
d
to
0
.6
3

to
l.
3
cu
b
ic
m
e
te
rs
p
e
r
se
co
n
d
.

Fo
llo
w
in
g
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D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

C
o
m
m
e
n
ts

R
e
sp
o
n
se
s

sh
u
td
o
w
n
o
f
th
e
re
a
ct
o
r,

th
e
te
m
p
e
ra
tu
re

o
f

th
e
co
o
lin
g
w
a
te
r
d
is
ch
a
rg
e
d

fr
o
m
th
e

re
a
ct
o
r
h
e
a
t
e
x
ch
a
n
g
e
rs

ra
p
id
ly

d
e
cr
e
a
se
s

in
1
0
0
se
co
n
d
s
a
ft
e
r
sh
u
td
o
w
n
a
n
d
a
p
p
ro
a
ch
e
s

3
2
.2
°C
in
3
0
0
to
4
0
0
se
co
n
d
s
a
ft
e
r
sh
u
td
o
w
n
.

T
h
e
a
tt
a
ch
e
d

fi
g
u
re
sh
o
w
s
co
o
lin
g
w
a
te
r

d
is
ch
a
rg
e

te
m
p
e
ra
tu
re

(w
a
te
r
e
n
te
ri
n
g

th
e

co
o
lin
g
to
w
e
r)
fo
llo
w
in
g

a

re
a
ct
o
r
sh
u
td
o
w
n

(s
cr
a
m
).

T
h
e
te
m
p
e
ra
tu
re
s

sh
o
w
n
a
re
w
it
h

a

ri
v
e
r
w
a
te
r
in
le
t
te
m
p
e
ra
tu
re

o
f
2
7
.8
°C
,
th
e

a
p
p
ro
x
im
a
te

ri
v
e
r
w
a
te
r
te
m
p
e
ra
tu
re

in

Ju
ly
.

A
lt
h
o
u
g
h
n
o
t
sh
o
w
n
o
n
th
e
fi
g
u
re
,

d
a
ta
o
b
ta
in
e
d

d
u
ri
n
g
th
e
st
u
d
y
sh
o
w
e
d
th
a
t

th
e
re
a
ct
o
r
e
ff
lu
e
n
t

te
m
p
e
ra
tu
re

is
w
it
h
in

l.
l°
C
o
f
re
a
ct
o
r
in
fl
u
e
n
t

te
m
p
e
ra
tu
re

2
4

h
o
u
rs
a
ft
e
r
sh
u
td
o
w
n
.

T
h
e
te
m
p
e
ra
tu
re

o
f
th
e
w
a
te
r
in

a

re
ci
rc
u
la
ti
n
g

sy
st
e
m
w
o
u
ld
ra
p
id
ly

d
e
cr
e
a
se

a
s
th
e
to
w
e
r
re
je
ct
e
d

th
e
h
e
a
t
re
m
a
in
in
g
in

th
e
re
ci
rc
u
la
ti
n
g

sy
st
e
m
.
R
e
a
ct
o
r
h
e
a
t

w
o
u
ld
d
e
cl
in
e

in

a

m
a
n
n
e
r
a
n
d
ti
m
e
fr
a
m
e

si
m
ila
r

to
th
a
t
sh
o
w
n
o
n
th
e
co
o
lin
g
w
a
te
r

fi
g
u
re
.

T
h
e
o
n
ce
-t
h
ro
u
g
h

co
o
lin
g
to
w
e
rs
a
re
b
y
p
a
ss
e
d

o
n
ly
w
h
e
n
th
e
re
a
ct
o
r
is
d
o
w
n
.
O
n

re
ci
rc
u
la
ti
n
g

sy
st
e
m
to
w
e
rs
so
m
e
m
a
in
te
n
a
n
ce

ca
n
b
e
co
m
p
le
te
d
w
h
ile

th
e
to
w
e
r
is
in

o
p
e
ra
ti
o
n
.

Fo
r
m
a
in
te
n
a
n
ce

re
q
u
ir
in
g

a
n

e
m
p
ty
sy
st
e
m
,
n
e
a
r
a
m
b
ie
n
t
te
m
p
e
ra
tu
re

w
a
te
r

(l
e
ss

th
a
n
3
2
.2
“C
)
w
o
u
ld
b
e
d
is
ch
a
rg
e
d

to

th
e
st
re
a
m
w
h
e
n
th
e
re
a
ct
o
r
is
d
o
w
n
.
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0
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r
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T
a
b
le
J-
2
.

D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

C
o
m
m
e
n
t

n
u
m
b
e
r

C
o
m
m
e
n
ts

fo
ss
il

a
n
d
n
u
cl
e
a
r
p
o
w
e
r
p
la
n
t
cl
o
se
d
-c
y
cl
e

co
o
lin
g

sy
st
e
m
s,
a
s
w
e
ll
a
s
d
a
ta
fr
o
m
co
n
tr
ib
u
ti
n
g

e
le
ct
ri
ca
l

u
ti
lit
ie
s,

co
o
lin
g
to
w
e
r
ca
p
a
b
ili
ty

a
v
e
ra
g
e
d
8
5
p
e
rc
e
n
t.

T
h
e
lo
w
e
st
o
f
th
e
se
w
a
s
7
6

p
e
rc
e
n
t
w
h
ile
th
e
h
ig
h
e
st
w
a
s
9
9
p
e
rc
e
n
t.
"

T
h
e
y

fu
rt
h
e
r
co
n
cl
u
d
e
d

th
a
t
"t
h
is
tr
a
n
sl
a
te
s

in
to

ro
u
g
h
ly
3
°F
a
b
o
v
e
h
ig
h
e
r
re
tu
rn
w
a
te
r

te
m
p
e
ra
tu
re
..
."

S
h
o
u
ld
th
e
th
e
to
w
e
rs
p
ro
p
o
se
d
fo
r

S
R
P
(e
it
h
e
r

h
e
lp
e
r
o
r
cl
o
se
d
-c
y
cl
e
)

a
ch
ie
v
e
o
n
ly
8
5

p
e
rc
e
n
t
o
f
d
e
si
g
n
ca
p
a
b
ili
ty
,

d
is
ch
a
rg
e

te
m
p
e
ra
tu
re
s

o
f
m
o
re
th
a
n
3
°F
a
b
o
v
e
th
e
p
re
se
n
t

e
st
im
a
te
s

w
o
u
ld
p
ro
b
a
b
ly

re
su
lt
d
u
e
to
th
e
h
ig
h
e
r

in
le
t
te
m
p
e
ra
tu
re
s

w
h
ic
h
o
cc
u
r
a
t
S
R
P
co
m
p
a
re
d
to

u
ti
lit
y

co
n
d
e
n
se
rs
.

U
n
le
ss

fl
e
x
ib
ili
ty

is
in
cl
u
d
e
d

in
th
e
to
w
e
r
d
e
si
g
n
,
o
n
ce
co
n
st
ru
ct
e
d
it
is
se
ld
o
m

p
o
ss
ib
le

to
si
g
n
if
ic
a
n
tl
y

in
cr
e
a
se

th
e
rm
a
l

p
e
rf
o
rm
a
n
ce
.
It
is
to
b
e
n
o
te
d
th
a
t
w
h
e
re
a
ct
u
a
l

to
w
e
r
ca
p
a
b
ili
ty

is
le
ss
th
a
n
d
e
si
g
n
in

a

cl
o
se
d
-c
y
cl
e

to
w
e
r
sy
st
e
m
,
th
e
o
w
n
e
r
su
ff
e
rs

e
co
n
o
m
ic
p
e
n
a
lt
ie
s

d
u
e
to
lo
w
e
r
p
ro
d
u
ct
io
n

ca
u
se
d

b
y
th
e
h
ig
h
e
r
co
o
lin
g
w
a
te
r
te
m
p
e
ra
tu
re
s.

H
o
w
e
v
e
r,

in

a

h
e
lp
e
r
to
w
e
r
sy
st
e
m
,
o
n
ly
th
e
e
n
v
ir
o
n
m
e
n
t

su
ff
e
rs

u
n
le
ss

th
e
p
ro
d
u
ct
io
n

ra
te
is
re
d
u
ce
d
.
It

is
th
e
re
fo
re

su
g
g
e
st
e
d
th
a
t
in
a
d
d
it
io
n

to

p
re
se
n
ta
ti
o
n

o
f
in
fo
rm
a
ti
o
n

fo
r
th
e
l0
0
p
e
rc
e
n
t

to
w
e
r
ca
p
a
b
ili
ty

ca
se
,
th
e
rm
a
l
d
a
ta
a
n
d
b
io
lo
g
ic
a
l

d
a
ta
p
re
se
n
te
d
in
th
e
FE
IS
b
e
b
a
se
d
o
n

a

to
w
e
r

ca
p
a
b
ili
ty

o
f
8
5
p
e
rc
e
n
t
o
f
d
e
si
g
n
u
n
le
ss

p
e
rs
u
a
si
v
e

in
fo
rm
a
ti
o
n

ca
n
b
e
p
ro
v
id
e
d
a
s
to
w
h
y

th
e
se
co
n
d
it
io
n
s

a
re
n
o
t
a
p
p
lic
a
b
le

to
S
R
P
.

R
e
sp
o
n
se
s

h
ir
e
d
to
e
st
im
a
te

th
e
p
e
rf
o
rm
a
n
ce

o
f
th
e

n
a
tu
ra
l-
d
ra
ft

co
o
lin
g
to
w
e
r
n
e
e
d
e
d
if
it

o
p
e
ra
te
s
a
t
1
0
p
e
rc
e
n
t
d
e
fi
ci
e
n
cy
.

T
h
e
n
a
tu
ra
l-
d
ra
ft

co
o
lin
g
to
w
e
r
w
o
u
ld
b
e

d
e
si
g
n
e
d
fo
r:

l. 4
.

S
ta
rt
u
p
o
f
th
e
to
w
e
r
w
it
h
5
4
.5
°C
in
le
t

h
o
t
w
a
te
r
te
m
p
e
ra
tu
re

(H
W
T
)
w
it
h

d
is
ch
a
rg
e

co
ld
w
a
te
r
te
m
p
e
ra
tu
re

o
f

3
2
.2
°C
o
r
le
ss
.

W
it
h
re
a
ct
o
r
o
p
e
ra
ti
n
g
,

7
6
.7
°C
in
le
t
h
o
t

w
a
te
r
te
m
p
e
ra
tu
re

a
n
d
a
p
p
ro
x
im
a
te
ly

3
l.
l°
C

d
is
ch
a
rg
e

co
ld
w
a
te
r
te
m
p
e
ra
tu
re
.

2
7
.8
°C
w
e
t
b
u
lb
te
m
p
e
ra
tu
re

(W
B
T
)
b
a
se
d

o
n
h
is
to
ri
ca
l

d
a
ta
a
n
d
re
tu
rn
-o
n

in
v
e
st
m
e
n
t

co
n
si
d
e
ra
ti
o
n
s

to
re
d
u
ce

re
a
ct
o
r
sh
u
td
o
w
n
s
ca
u
se
d
b
y
d
is
ch
a
rg
e

te
m
p
e
ra
tu
re
s

b
e
in
g
h
ig
h
e
r
th
a
n
3
2
.2
°C
,

a
n
d

4
0
p
e
rc
e
n
t
re
la
ti
v
e

h
u
m
id
it
y
(R
H
).

If
th
is
to
w
e
r
h
a
s

a

9
0
—
p
e
rc
e
n
t
th
e
rm
a
l

ca
p
a
b
ili
ty
,

th
e
co
n
su
lt
a
n
t

e
st
im
a
te
s

th
e

fo
llo
w
in
g
:

l.
D
u
ri
n
g
st
a
rt
u
p
o
f
th
e
to
w
e
r
w
h
e
n
in
le
t

w
a
te
r
te
m
p
e
ra
tu
re

re
a
ch
e
s
5
4
.5
°C
,
to
w
e
r

d
is
ch
a
rg
e

te
m
p
e
ra
tu
re

(t
o
to
w
e
r
b
a
si
n
)

a
.
3
2
.8
°C
if
w
e
t
b
u
lb
te
m
p
e
ra
tu
re

is
2
7
.8
°C

b
.
3
2
.4
°C
if
w
e
t
b
u
lb
te
m
p
e
ra
tu
re

is
2
7
.2
°C
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T
h
e
FE
IS
sh
o
u
ld
d
is
cu
ss

th
e
b
io
ci
d
e
a
lt
e
rn
a
ti
v
e
s

b
e
in
g
co
n
si
d
e
re
d
,

e
x
p
e
ct
e
d
e
ff
lu
e
n
t

co
n
ce
n
tr
a
ti
o
n
s

a
n
d
d
u
ra
ti
o
n
s,

a
ss
o
ci
a
te
d

e
n
v
ir
o
n
m
e
n
ta
l

im
p
a
ct
s,

a
n
d
a
n
y
p
la
n
s
fo
r
tr
e
a
tm
e
n
t
a
n
d
co
n
tr
o
l.
If

ch
lo
ri
n
a
ti
o
n

is
p
la
n
n
e
d
,
th
e
FE
IS
sh
o
u
ld
a
d
d
re
ss

th
e
sp
e
ci
fi
c

st
e
p
s
th
a
t
w
ill
b
e
ta
ke
n
to
e
n
su
re

th
a
t
th
e
S
C
to
x
ic
it
y

cr
it
e
ri
a

fo
r
to
ta
l
re
si
d
u
a
l

ch
lo
ri
n
e

w
ill
b
e
m
e
t.
D
e
ch
lo
ri
n
a
ti
o
n

sh
o
u
ld
b
e

d
is
cu
ss
e
d

in
th
e
FE
IS
.

It
is
p
o
ss
ib
le

th
a
t
in

a

re
ci
rc
u
la
te
d

co
o
lin
g

sy
st
e
m
w
it
h
th
e
h
ig
h
re
a
ct
o
r
te
m
p
e
ra
tu
re
s

a
n
d

re
cy
cl
e
d
w
a
te
r
ch
e
m
is
tr
y

in
v
o
lv
e
d
,

co
rr
o
si
o
n

o
f

re
a
ct
o
r
co
o
lin
g
p
ip
in
g
w
ill
b
e

a

m
o
re
si
g
n
if
ic
a
n
t

C
o
m
m
e
n
t

n
u
m
b
e
r

T
a
b
le
J-
2
.

D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

C
o
m
m
e
n
ts

R
e
sp
o
n
se
s

B
C
—
l6

li
w

r

T
h
e
ty
p
e
a
n
d
m
a
n
a
g
e
m
e
n
t
o
f
th
e
b
io
ci
d
e
a
n
d
a
n
y

co
rr
o
si
o
n

in
h
ib
it
in
g

co
m
p
o
u
n
d
s
b
e
in
g
co
n
si
d
e
re
d

fo
r

th
e
co
o
lin
g
a
lt
e
rn
a
ti
v
e
s

is
a
n
im
p
o
rt
a
n
t
fa
ct
o
r

n
e
ce
ss
a
ry

fo
r
a
ss
e
ss
in
g

th
e
o
v
e
ra
ll

e
n
v
ir
o
n
m
e
n
ta
l

im
p
a
ct
s
o
n
th
e
a
q
u
a
ti
c
e
co
sy
st
e
m
.

T
h
is
is
a
n
a
re
a

th
a
t
w
a
s
n
o
t
a
d
e
q
u
a
te
ly

a
d
d
re
ss
e
d

in
th
e
D
E
IS
a
n
d

sh
o
u
ld
b
e
p
re
se
n
te
d

in
d
e
ta
il
in
th
e
FE
IS
.

2
.
W
h
e
n
th
e
re
a
ct
o
r
is
o
p
e
ra
ti
n
g

in
th
e

su
m
m
e
r
a
n
d
th
e
in
le
t
te
m
p
e
ra
tu
re

to
th
e

to
w
e
r
re
a
ch
e
s
7
6
.7
°C
,
th
e
to
w
e
r

d
is
ch
a
rg
e

te
m
p
e
ra
tu
re

is

a
.
3
l.
7
°C
if
w
e
t
b
u
lb
te
m
p
e
ra
tu
re

is
2
7
.8
°C
,
o
r

b
.
3
l.
l°
C
if
w
e
t
b
u
lb
te
m
p
e
ra
tu
re
is

2
7
.2
°C
.

3
.
In
w
in
te
r
o
p
e
ra
ti
o
n

th
e
co
ld
w
a
te
r

te
m
p
e
ra
tu
re

in
cr
e
a
se

w
o
u
ld
b
e
a
b
o
u
t
l°

to
2
°C
fo
r
9
0
-p
e
rc
e
n
t

ca
p
a
b
ili
ty

a
t
5
0
°C

w
e
t
b
u
lb
te
m
p
e
ra
tu
re
.

S
e
e
re
sp
o
n
se
s
to
co
m
m
e
n
ts
B
B
-l
a
n
d
B
B
-2
.

S
e
e
re
sp
o
n
se
s
to
co
m
m
e
n
ts
B
B
-l
a
n
d
B
B
-2
.

S
e
e
re
sp
o
n
se

to
co
m
m
e
n
t
B
B
-2
.
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C
u
rr
e
n
t
o
p
e
ra
ti
o
n
s

o
f
th
e
C
-
a
n
d
K
-R
e
a
ct
o
r

h
a
v
e

re
su
lt
e
d

in
a
p
p
ro
x
im
a
te
ly

1
8
2
7
a
cr
e
s
o
f
w
e
tl
a
n
d
s

b
e
in
g
im
p
a
ct
e
d
b
y
th
e
rm
a
l
d
is
ch
a
rg
e
s

h
ig
h
fl
o
w

ra
te
s
a
n
d
th
e
re
su
lt
a
n
t

se
d
im
e
n
ta
ti
o
n

a
n
d
g
ro
w
th
o
f

th
e
st
re
a
m
d
e
lt
a
s.

D
-A
re
a
o
p
e
ra
ti
o
n
s

h
a
s
im
p
a
ct
e
d

3
8
2
a
cr
e
s
o
f
w
e
tl
a
n
d
s.

T
a
b
le
J-
2
.

D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

C
o
m
m
e
n
t

n
u
m
b
e
r

C
o
m
m
e
n
ts

R
e
sp
o
n
se
s

p
ro
b
le
m
th
a
n
p
o
st
u
la
te
d

a
n
d
w
ill

re
q
u
ir
e
th
e
u
se
o
f

h
ig
h
le
v
e
ls
o
f
ch
ro
m
iu
m
o
r
o
th
e
r
to
x
ic
co
rr
o
si
o
n

in
h
ib
it
o
rs
.

T
h
e
a
d
d
it
io
n

o
f
th
e
se
ch
e
m
ic
a
ls

co
u
ld

re
q
u
ir
e
ch
e
m
ic
a
l
tr
e
a
tm
e
n
t
o
f
b
lo
w
d
o
w
n
p
ri
o
r
to

d
is
ch
a
rg
e
.

T
h
o
ro
u
g
h
e
v
a
lu
a
ti
o
n

o
f
th
is
si
tu
a
ti
o
n

a
t
S
R
P
sh
o
u
ld
b
e
m
a
d
e
in
th
e
FE
IS
w
it
h
th
e

in
fo
rm
a
ti
o
n

p
ro
v
id
e
d
a
n
d

a

co
m
p
a
ra
ti
v
e

a
ss
e
ss
m
e
n
t

m
a
d
e
re
la
ti
v
e

to
th
e
co
o
lin
g
w
a
te
r
sy
st
e
m
m
a
te
ri
a
ls

o
f
co
n
st
ru
ct
io
n

a
s
th
e
y
re
la
te

to
th
e
b
lo
w
d
o
w
n

w
a
te
r
tr
e
a
tm
e
n
t

p
ro
v
id
e
d
a
t
th
e
O
a
k
R
id
g
e
,

T
e
n
n
e
ss
e
e
a
n
d
P
a
d
u
ca
h
,
K
e
n
tu
ck
y
D
O
E
fa
ci
lit
ie
s.

W
g
tl
a
g
d

B
C
;l
9

H
e
lp
e
r
co
o
lin
g
w
o
u
ld
re
d
u
ce
w
e
tl
a
n
d
lo
ss
e
s
d
u
e
to

O
p
e
ra
ti
o
n
a
l

im
p
a
ct
s
to
th
e
w
e
tl
a
n
d
co
m
m
u
n
it
y

th
e
rm
a
l
d
is
ch
a
rg
e
s

d
o
w
n
st
re
a
m

fr
o
m
th
e
C
-
a
n
d

a
re
a
d
d
re
ss
e
d

in
C
h
a
p
te
r
4
,
A
p
p
e
n
d
ix

C,

a
n
d

K
-R
e
a
ct
o
r,

h
o
w
e
v
e
r,
re
e
st
a
b
lis
h
m
e
n
t

o
f
v
e
g
e
ta
ti
o
n

A
p
p
e
n
d
ix

F

o
f
th
is
Fi
n
a
l
E
IS
.

w
o
u
ld
b
e
lim
it
e
d

b
e
ca
u
se
o
f
co
n
ti
n
u
e
d

h
ig
h
a
n
d

fl
u
ct
u
a
ti
n
g

fl
o
w
ra
te
s
a
n
d
th
e
a
cc
o
m
p
a
n
y
in
g

se
d
im
e
n
ta
ti
o
n
.

T
h
e
h
ig
h
si
lt
le
v
e
ls

co
n
ti
n
u
e

to

b
u
ild

d
e
lt
a
s
in
th
e
sw
a
m
p
s
a
t
th
e
m
o
u
th
s
o
f
th
e

re
ce
iv
in
g

st
re
a
m
s.

T
h
is
h
ig
h
le
v
e
l
o
f

se
d
im
e
n
ta
ti
o
n

co
n
ti
n
u
e
s

to
re
m
o
v
e
a
q
u
a
ti
c
h
a
b
it
a
t

a
n
d
a
d
v
e
rs
e
ly

im
p
a
ct
th
e
e
n
v
ir
o
n
m
e
n
t

a
n
d
th
e
re
fo
re

sh
o
u
ld
b
e
re
d
u
ce
d
.

T
h
e
cl
o
se
d
-c
y
cl
e

co
o
lin
g
sy
st
e
m

a
lt
e
rn
a
ti
v
e

w
o
u
ld
re
st
o
re

fl
o
w
s
to
n
e
a
r
n
a
tu
ra
l

le
v
e
ls
a
n
d
g
re
a
tl
y
re
d
u
ce
th
e
le
v
e
l
o
f
su
sp
e
n
d
e
d

so
lid
s.

S
u
cc
e
ss
io
n
a
l

re
v
e
g
e
ta
ti
o
n

to
b
o
tt
o
m
la
n
d

h
a
rd
w
o
o
d
s
w
o
u
ld
b
e
e
x
p
e
ct
e
d
o
f
I5
0
0
o
f
th
e
im
p
a
ct
e
d

a
cr
e
s
fo
r
th
e
C
-
a
n
d
K
-R
e
a
ct
o
r

a
n
d
fo
r

a

m
a
jo
r

p
e
rc
e
n
ta
g
e

o
f
th
e
D
-A
re
a
im
p
a
ct
e
d
a
cr
e
a
g
e
.

§XX



T
h
e
cl
o
se
d
-c
y
cl
e

co
o
lin
g
sy
st
e
m
,
h
o
w
e
v
e
r,
w
o
u
ld

p
ro
d
u
ce
fl
o
w
s
m
o
re
n
e
a
rl
y
a
p
p
ro
a
ch
in
g

n
a
tu
ra
l

le
v
e
ls

in
th
e
im
p
a
ct
e
d
st
re
a
m
s
a
n
d
th
u
s
p
e
rm
it
th
e

re
e
st
a
b
lis
h
m
e
n
t

o
f

a

m
o
re
st
a
b
le
a
n
d
d
iv
e
rs
e

a
q
u
a
ti
c
co
m
m
u
n
it
y
.

S
p
a
w
n
in
g
co
n
d
it
io
n
s

fo
r

in
d
ig
e
n
o
u
s

fi
sh

sp
e
ci
e
s
w
o
u
ld
im
p
ro
v
e
a
n
d
th
e
re

w
o
u
ld
b
e
m
u
ch
le
ss
p
o
te
n
ti
a
l

fo
r
co
ld
sh
o
ck
fr
o
m

w
in
te
r
re
a
ct
o
r
sh
u
td
o
w
n
.

B
e
ca
u
se
o
f
th
e
d
e
cr
e
a
se
d

fl
o
w
ra
te
s
o
f
th
e
cl
o
se
d
-c
y
cl
e

a
lt
e
rn
a
ti
v
e
,

st
re
a
m

se
d
im
e
n
ta
ti
o
n

a
n
d
ch
a
n
g
e
s
in
th
e
st
re
a
m
m
o
rp
h
o
lo
g
y

w
o
u
ld
b
e
re
d
u
ce
d
p
ro
p
o
rt
io
n
a
te
ly
,

th
u
s
re
su
lt
in
g

in

a

m
o
re
st
a
b
le
a
n
d
h
e
a
lt
h
y
a
q
u
a
ti
c
h
a
b
it
a
t.

In

a
d
d
it
io
n
,

si
n
ce
th
e
cl
o
se
d
-c
y
cl
e

co
o
lin
g
w
a
te
r

sy
st
e
m
d
e
cr
e
a
se
s

th
e
ra
w
w
a
te
r
in
ta
ke

fr
o
m
th
e

R
iv
e
r,
th
e
re
w
o
u
ld
b
e

a

re
d
u
ct
io
n

in
b
o
th
th
e
le
v
e
l

o
f
e
n
tr
a
in
m
e
n
t

a
n
d
im
p
in
g
e
m
e
n
t
lo
ss
e
s
b
y
a
s
m
u
ch
a
s

8
5
p
e
rc
e
n
t.

T
a
b
le
J-
2
.

D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

C
o
m
m
e
n
t

n
u
m
b
e
r

C
o
m
m
e
n
ts

R
e
sp
o
n
se
s

A
g
u
a
tj
g
H
a
b
it
g
t

B
C
-2
0

B
y
re
d
u
ci
n
g
th
e
te
m
p
e
ra
tu
re

to
w
it
h
in

th
e
3
2
.2
°C

S
e
e
re
sp
o
n
se
s
to
co
m
m
e
n
ts
B
B
-3
a
n
d
B
B
-5
.

cr
it
e
ri
o
n
,

b
o
th
th
e
h
e
lp
e
r
a
n
d
th
e
cl
o
se
d
-c
y
cl
e

co
o
lin
g
a
lt
e
rn
a
ti
v
e
s

w
o
u
ld
si
g
n
if
ic
a
n
tl
y

re
d
u
ce
th
e

th
e
rm
a
l
im
p
a
ct
s
o
n
th
e
o
n
—
si
te
st
re
a
m
s
a
n
d
th
e

S
a
v
a
n
n
a
h
R
iv
e
r
sw
a
m
p
.
H
o
w
e
v
e
r,
e
x
ce
e
d
a
n
ce
s

o
f
th
e

2
.8
°C
te
m
p
e
ra
tu
re

in
cr
e
a
se

cr
it
e
ri
o
n

b
y
th
e

p
re
se
n
tl
y

p
ro
p
o
se
d
h
e
lp
e
r
co
o
lin
g
sy
st
e
m
(i
n

a
d
d
it
io
n

to
p
re
v
e
n
ti
n
g

th
e
re
p
ro
d
u
ct
io
n

o
f
fi
sh
a
s

p
re
v
io
u
sl
y

n
o
te
d
)
m
a
y
n
o
t
p
e
rm
it
th
e
e
st
a
b
lis
h
m
e
n
t

o
f

a

st
a
b
le

a
q
u
a
ti
c
co
m
m
u
n
it
y
.

T
h
is
is

a

fa
ct
o
r

th
a
t
m
u
st
b
e
co
n
si
d
e
re
d

in
a
n
y
3
l6
(a
)
d
e
m
o
n
st
ra
ti
o
n

p
e
rf
o
rm
e
d
b
y
D
O
E
th
a
t
a
ss
e
ss
e
s
e
it
h
e
r
h
e
lp
e
r
o
r

p
a
rt
ia
lly

re
cy
cl
e
d

co
o
lin
g
.

A
ir
li

B
C
—
2
l

A
ir
q
u
a
lit
y
co
n
ce
rn
s
e
x
is
t
fo
r
p
o
ss
ib
le

h
e
a
lt
h

D
e
si
g
n
o
f
co
o
lin
g
to
w
e
rs
w
ill
in
cl
u
d
e
a
n

e
ff
e
ct
s

o
f
a
n
y
re
le
a
se
s
o
f
ch
ro
m
iu
m
if
u
se
d
a
s

a

a
llo
w
a
n
ce

fo
r
in
je
ct
io
n

o
f

a

co
rr
o
si
o
n

co
rr
o
si
o
n

in
h
ib
it
o
r

in
th
e
co
o
lin
g
sy
st
e
m
.

in
h
ib
it
o
r
if
n
e
e
d
e
d
.

A

n
o
n
-c
h
ro
m
a
te
d
,

XXX



T
a
b
le
J-
2
.

D
O
E
re
sp
o
n
se
s
to
co
m
m
e
n
ts
o
n
D
ra
ft
E
IS
(c
o
n
ti
n
u
e
d
)

—
-—
—
—
—
—
—
_—
—
—
—
—
-—
—
~
__
—

C
o
m
m
e
n
t

n
u
m
b
e
r

C
o
m
m
e
n
ts

R
e
sp
o
n
se
s

A
lt
h
o
u
g
h
th
is
is

a

re
la
ti
v
e
ly

n
e
w
a
re
a
,
re
se
a
rc
h
is

o
rg
a
n
ic
-b
a
se
d

ch
e
m
ic
a
l
m
a
d
e
b
y
W
ri
g
h
t

u
n
d
e
rw
a
y
b
y
E
P
A
a
t
th
e
R
e
se
a
rc
h
T
ri
a
n
g
le

P
a
rk
to

C
h
e
m
ic
a
l
C
o
m
p
a
n
y
w
o
u
ld
b
e
u
se
d
.
T
h
is

d
e
v
e
lo
p

a

m
o
d
e
l
a
n
d
d
e
te
rm
in
e

p
o
te
n
ti
a
l

h
e
a
lt
h

ch
e
m
ic
a
l
is
a
p
p
ro
v
e
d
b
y
S
C
D
H
E
C
fo
r
u
se
in

ri
sk
s
(A
p
o
in
t
o
f
co
n
ta
ct

h
a
s
b
e
e
n
p
ro
v
id
e
d
o
n
th
e

co
o
lin
g
to
w
e
r
sy
st
e
m
s
a
n
d
is
p
re
se
n
tl
y

b
e
in
g

st
u
d
y
).

D
O
E
sh
o
u
ld
a
d
d
re
ss

th
e
p
o
ss
ib
le

p
ro
b
le
m
s

u
se
d
a
t
th
e
S
a
v
a
n
n
a
h
R
iv
e
r
P
la
n
t.

o
f
u
si
n
g
ch
ro
m
iu
m
in
th
o
se
a
lt
e
rn
a
ti
v
e
s

w
h
e
re

a
p
p
lic
a
b
le

(t
h
e
re
su
lt
s

sh
o
u
ld
b
e
in
co
rp
o
ra
te
d

in
to

th
e
FE
IS
).

R
a
d
ig
lg
g
ic
a
l

B
C
—
2
2

O
n
ly
v
e
ry
sm
a
ll
d
if
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