
high water temperature. Isolated cool-water refuges tight b utilized mininmlly

by aquatic (fish) and semiaquatic (herpetofauna, wading birda, beaver) biota.

This alternative would inundate approximately 7.6 kilometers of Steel Creek
from just north of Road B to the dam (Figure 4-38). Thus, about 240 acrea of

wetlands including active habitat of the American alligator would be inundated.
The wetlanda that “o”ld b.simpacted by this alternative are classified as Re-

source Category 2 by the U.S. Fish and Wildlife Service. This reao”rce category
and designation criteria include “high value for evaluation species and scarce

OK becoming scarce” (USDOI, 1981). The mitigation planning goal specifies that
there b “no net loss of inkind habitat value. “o If releases from L-Pond into
Steel Creek are maintained near the average natural flow (i.e., 0.6 cubic meter
per second ), foraging habitat of the endangered wood stork would not be af-
fected. Additionally, this option would have no impact on the shortnose
sturgeon.

The mkeup water required for L-Pond would represent ~ 9-percent Increase
(1.8 cubic meters per second) over present SRP intake withdrawal rates from the
Savannah River. This increaae would result in impingement and entrainment
losses from the river of about 956 additional fish per year and 1.3 x 106 fish

eggs and 1.9 x 106 fish larvae per year, respectively.

The transport of radiocesium off the site IS expected to ~mo”nt to about
0.8 curie per year, about half the amount presently transported (Hayes, 1981).
Approximately 24 curies of the cesium- 137 currently in the Steel Creek channel
and floodplain would lie beneath L-Pond. This alternative would release 2170

curies per year of tritium from L-Reactor to the Savannah River.

Nonradioactive atmospheric releases would result in a maximum of 130 hours

per year of reduced visibility (less than 0.8 kilometer) o“ the leeward side of
the impoundment, and a mcximum of 115 hours per year of ice accumulation on
horizontal surfaces. No deposition of salts due to drift is expected.

The area subject to impact by this alternative contains 10 archeological
sites. Two to four sites could & inundated. A mitigation plan would ~ de-

veloped and implemented prior to restart similar to that described under direct
discharge.

The inundation of 1300 acres would modify the bottom contours of the sub-

strate and create vastly different patterns in water circulation, depth (32
meters at the dam), and temperature. The diversity and abundance of benthic

organisnm would also be mrkedly changed. Excavation of the creekbed for dam

construction would necessitate the disposal of approximately 3000 cubic meters
of possibly contaminated spoil. The overflow from L-Pond, which would ba dis-

charged into Steel Creek, would have a minimal impact on the substrate of the
creek or its delta.

Spoil from the surface portion of the embankment foundation in the steel
Creek floodplain, estimated to contain a total of 0.2 curie of cesium-137 and
0.02 curie Of cobalt-60, would be separated, contained, replaced outside the
jurisdictional wetlands upstream of the embankment, and covered with subsurface

spoil to prevent erosion during the construction period. This relocation would

have no effect on net cesium transport estimates. All uncontaminated material

would be removed and used for backfill in the borrow areas. Thus, any impacts
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on water quality and turbidity in the L-Pond would be temporary until suspended
particulate settle and bottom sediments stabilize. Seasonal cycling of sny

remaining cesium-137 is probable in L-Pond (Alberts et al. , 1979). The water
quality of L-Pond should bs very similar to that of Par Pond. An iOn-

concentration ratio (lake-to-river) of 1.0 to 2.5 la expected for L-Pond.
Necessa~ precaution would be taken during embankment construction to contain
suspended particulates and sediment from roving into the Steel Creek corridor.
Embankment construction and L-Pond overflow ia expected to have a minimsl impact
in water quality and turbidity in Steel Creek and the swamp.

L-Pond construction would vastly alter water levels and circulation pat-
terns over the 1300 acres. Erosion control and removal of the excavated mate-
rial would ndnimi ze the discharge of material that could obstruct or change the

direction or velocity of flows both above the embankment and in Steel Creek
below the embankment. The small increase in water levels below tbe embankment
should have minimal impact on Steel Creek and the swamp.

This alternative would require the following permits or processes: (1) a
U.S. Army COE 404 permit, (2) an SCDHEC 401 certification, (3) an NPDES pertit,
(4) a 316(a) demonstration, (5) consultations with the FWS, and (6) the prepara-
tion of a biological assessment for endangered species .

If this alternative is implemented before the restart of L-Reactor, the

environmental impacts would be as described above. If it is implemented after
direct discharge occurs , the environmental impacts would be the same as those
described in Section 4.4.2 .2.1 for once-through direct discharge (i.e., loss of
730 to 1000 acres of wetlands , etc. ). The ndtigative effects resulting from
this alternative are that the Steel Creek ecosystem and swamp below the L-Pond

dam would not be impacted. This would not begin until the end of the 40-month
construction period.

4.4.2 .4.2 Kal Pond

The feasibility of creating Kal Pond, which would serve both K- and

L-Reactors , has been studied. Such a lake would not only ndtigate thermal im-
. -pacts.associated with a direct discharge to Steel Creek-by L-Reactor, it would

also mitigate thermal impacts of K-Reactor on Indian Grave Branch and Pen
Branch. Heated effluent from both reactors would enter Kal Pond; after natural

cooling, it would be pumped back to the reactora for recirculation.

One large 2620-acre lake would be created by constructing embankments
across both Steel Creek and Pen Branch (Figure 4-39). The Pen Branch embankment

would be approximately 750 inters above Road A and the Steel Creek embankment
would be about 300 meters above Road A-14. The location of the embankment on
Steel Creek would elimfnate any impact on one of the two 115-kilovolt transnds-
Sion and control cable lines mentioned for L-Pond. It would also allow Road
A-14 to remain undisturbed and would reduce the mximum height of the Steel
Creek embankment by about 5 meters. The Pen Branch embankment would be approxi-
mately 800 meters long and the Steel Creek embankment would extend about 1400
meters. About 900,000 cubic meters of fill would bs required to construct the
two embankments . The normal water-surface elevation would be about 64 inters.
This water level would necessitate raising, rerouting, or abandoning several SRP
roads. Access roads for construction activities would be routed to mfniudze
environmental impa=te.
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A new outlet structure would be constructed at the edge of the new lake
north of the abandoned sectiw of Road B. Few modifications would be required

at the K-Reactor ~scharge tecause the present canal extends above the elevation
of the proposed water level.

Soue modifications would have to be made to the K-Area-to-L-Area steam line
and the river water lines serving K–, L-, and P-Reactors kcause Kal pO*d wOuld

flood the areas where they cross Indian Grave Branch and Pen Branch.

Two 115-kilovolt transmission lines and control cables would have to bs re-
located, one along Steel Creek and another paralleling Indian Grave Branch. In
addition, Steel towers and new conductor would be needed where ~nother 115-
kilovolt transmission line and control cable line cross Pen Branch mar Road C,
where the Steel Creek lines cross the new lake south of Road B, and ~here the
Indian Grave Branch lines cross the nsw lake near Road B.

The amount of time required to design and construct this alternative would
k between 60 and 66 months (Du Pent, 1983d). This alternative would require

about a l-month downtime for kth K- and L-Reactors . However, the shutdown of
the two reactors could be scheduled at the sa~ or different times, as desired.

Because of its structural complexity, capital costs for Kal Pond are esti-

mated to be $190 million, the mst costly of the alternatives (W Pent , 1983d).

Annual operating costs would be approximately $2 mf.llion. The present worth of
this alternative would be $299 million and the annualized cost would be $35

tillion (thJPent, 1983d). An estimated 870 construction personnel would be
required.

Tbe production efficiency of Kal Pond would be about 96 percent (derived
from Du Pent, 1983d). Elevated Savannah River temperatures would not directly

affect reactor operation. Makeup to Kal Pond would require 3.5 cubic ~ters per
second from the Savannah River; of this total, about 0.5 cubic meter per second
would be released to Pen Branch and Steel Creek.

Under extreme summer ~teorological conditions, the overflow would have an
exit temperature of about 33eC. Under average conditions, the discharge temper-
ature would be about 31“C. Near-ambient temperatures should be reached at the
Steel Creek and Pen Branch deltas. Thus, this alternative would have udnor ef-
fects m the temperature of the Savannah River water. The water ~~charge rate
from Kal Pond to Steel Creek and Pen Branch would be equal to their normal
seasonal flow rates.

This alternative would provide normal compliance with the mfimum 32.2°C
discharge temperature limit.

Kal Pond is expected to show thermal behavior much like that of Par Pond.
It should experience thermal stratification from April through October, and
should be well mixed from November through March. Nuring periods of thermal
stratification, the hypolimnion rould kcom intensely anoxic with ferrous iron
and other metals being dissolved from the sediment (Marshall and LeRoy, 1971).
The seasonal Cycling of ~sium-137, which follows the seasonal stratification
cycle (Alberts et al. , 1979), would be probable.
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Because this recirculation alternative would greatly reduce the thermal
dlecharge to Steel Creek, it would result in a significant reduction in impacts
to the biota of the creek, its delta, the floodplain, and the Savannah 8f.Ver in
comparison to tbe effects caused by direct discharge. A reducticm of thermal
impacts to Pen Branch and the Pen Branch delta would also occur.

Approximately 615 acres of riparian wetlands and 2005 acres of upland
conifers would be inundated by the Sal impoundment. This would include 7.0

kilometers along Pen Branch, 5.0 kilometers along Steel Creek, and 4.0 kilo-
meters along Indian Grave Branch. The wetlands that would be impacted by this
alternative are classified as Resource Category 2 by the U.S. Fish and Wildlife

Service. This resource category and designation criteria include “’highvalue
for evaluation species and SCarCe c,rbeco~ng SCarce c.(USDOI , 1981). The ~ti-
gation planning goal specifies that there be “no net loss of inkind habitat
value. ” This impoundment would flood forested habitats that cmce contained the
endangered red-cockaded woodpecker. This lake would support minimal aquatic
life because of continually high water temperatures .

Kal Pond would require a mximum of 3.5 cubic inters per second of water
from the Savannah River. Assuming that K-Reactor currently uses 17 cubic meters
of water per second, the current impingement is about 5840 fish per year (based
on the latest 12 months of data) and the current entrainment is 7.7 x 106 eggs
(1982 data) and 11.9 x 106 larvae (1983 data) per year. These values would
decrease to 1858 fish per year and 2.5 x 106 eggs and 3.8 x 106 larvae per
year, respectively, for the combined operation of K- and L-Reactors.

Radiocesium transport from Steel Creek is expected to be about O.8 curie
per year. Small quantities of radiocesium also would be delivered to the river
and swamp from Pen Branch. Approximately 20 curies of cesium-137 that are in
the Steel Creek channel and floodplain would lie beneath the lake. In addition,
the Savannah River would receive about 870 curies of tritium per year from
L-Reactor.

Nonradioactive atmospheric releases would result in (1) a maximm of 25
hours per year reduced visibility (less than 800 meters ) on the leeward side of
the impoundment, and (2) a maximum of 15 hours per year of ice accumulation on
horizontal surfaces . No deposition of salts due to drift is expected.

Twenty-nine archeological sites could be affected by this alternative. Of

these, 8 to 10 sites could be flooded. A mitigation plan would be developed and

implemented prior to restart similar to that described for direct discharge.

Little or no change Is expected in the substrate, erosion, or sedimental ion

patterns in Steel Creek or Pen Branch because the overflow would not produce
large increases to their normal flows and bcause, blow the reactor outfalls,

the streams are in approximate equilibrium for flow rates of 11 cubic meters per
second.

Spoil from the surface portion of the embank~nt foundation in the Steel
Creek floodplain, estimated to contain a total of 0.2 curie of cesium-137 and
0.02 curie of cobalt-60, would be separated, contained, replaced outside the
jurisdictional wet lands upstream of the embankment, and covered with subsurface

spoil to prevent erosion during the construction period. This relocation would
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have no effect on net cesium transport estimtes. All uncontaminated material
would be removed and used for backfi11 in the borrow areas.

The chemical characteristics of the overflow to either stream are expected

to be similar to those of Savannah River water and the natural conditions of the
receiving streams. No appreciable changes in the characteristics of the blow-

down should occur as the result of river water (makeup) passing through Kal
Pond, except its concentration of suspended solids would b lower. The water

quality of Kal Pond should be similar to that of Par Pond; these lakes would be
nearly equal in size (Kal Pond would contain 8.37 x 107 cubic inters and Par
Pond contains 6.62 x 107 cubic ~ters). An ion-concentration (lake-to-river-

water) ratio of 1.0 to 3.2 is expected for Kal Pond (Tiny, 1974). The concen-
tration of tritium could reach 91,000 picocuries per liter, about ,2.5times the
7-year Par Pond average.

Kal Pond construction would vastly alter water levels and circulation pat-

terns over 2620 acres, which would affect Steel Creek, Pen Branch, and Indian

Grave Branch upstream of the dam. Erosion control and removal of much of the

dredged material to the onsite burial ground would minimize the discharge of
material that could obstruct or change the direction or velocity of flows both
above the embankments and in Steel Creek and Pen Branch below the embankments.

This alternative would require the following permits or processes: (1) a

U.S. Army COE 404 permit, (2) an SCDHEC 401 certification, (3) an NPDES permft,
(4) a 316(a) demonstration, (5) consultations with the FWS, and (6) the prepara-

tion of a biological assessment for endangered species .

If this alternative is implemented before direct discharge occurs , the

environmental impacts would be as described above. If it is implemented after
direct discharge occurs , the environmental impacts “ould include thO~e described
in Section 4.4.2 .2.1 (i.e., loss of 730 to 1000 acres of wet lands, etc. ) plus

those (i.e., 615 acres of wetlands and 2005 acres of uplands ) resulting from the
Kal Pond alternative. Any mitigative effects resulting from this alternative
would not begin unti 1 the end of the 66-month construction period.

4.4.2 .4.3 High-Level Pond

Two embankment sites across Pen Branch were studied for the construction of

a High-Level Pond; both would provide the same water elevation (83 meters ), The
first site would have provided a lake area of apprO~imately 1225 acres, ~hich
could not match the cooling efficiency of the other cooling lakes studied.
Therefore, a second site (Figure 4-40) was studied that would add 560 acres to
the first lake. The embankment for the second lake would be about 2750 meters
long with a maximum height of 35 meters. Two sections of earthen berm would be
constructed across a natural saddle west of this embankment; they would total
460 meters long b“t “Ot ~re than 3 Wters high. ne total amount of material
required to conatr”ct the embankment would be 1,900,000 cubic meters.

This lake would be upstream from the existing river water lines and, there-
fore, would have no impact on them or on the steam line from K-Reactor to
L-Reactor. However, it would require the abandonment of Road C between Roads 6
and 7; approximately lZOO ~ters of Road 6 would have to be raiaed as much as

12 meters. About 6 kilometers of 115-kilovolt transmission line and its buried
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supervisor control cable would have to be relocated. Access roads for construc-

tion activities would ~ rOuted to minimize environmental impacts.

Thermal effluent from L-Reactor would flow through existing pipes to a new

reinforced concrete sump, similar to that required by the cooling-tower alterna-
tive. The pumps in this sump would pump the hot water through a new pipeline to

diecharge into the High-Level Pond. The water would flow through the lake to an

intake structure near the embankment. A new pipeline would run 1750 meters,

from the intake structure, through the embankment, and to the L-Reactor lake.
Valves would control the gravity flow to provide the quantity of water required
for reactor cooling. Approximately 42 to 48 mnths would be required to design,

construct, and permit this.alternative.

L-Reactor shutdown time under this alternative would be the same as that

for the cooling towers, ,bcause the same pumping system would be constructed.
All other construction would take place away from the effluent system.

Estimated capital costs for the High-Level Pond would be about $120 mil-

lion. Annual operating costs should approach $1.9 million. The present worth
of this alternative would bs $174 tillion and the annualized cost would be $20.4
mfllion (W Pent, 1983a). An estimted 1215 construction personnel would be

required.

The High-Level Pond is estimated to have a relative production efficiency

of 96 percent. This alternative would allow all of Steel Creek to remin in
post-thermal recovery, unaffected by cooling-water effluents from L-Reactor. In

addition, therml discharges to the Savannah Rfver and its associated floodplain
swamp would remain at present levels. High-Level Pond makeup water would in-

crease withdrawal from the Savannah River by 9 percent (1.8 cubic meters per
second) over present withdrawal rates. Approximately O.5 cubic meter per second
would be released to Pen Branch.

Under extreme summer meteorological conditions, the overflow from Hfgh-
Level Pond would have an exit temperature of about 35”C. Under average condi-
tions, the temperature would be 34°c. This thermsl discharge would impact biota
in the 4-kilometer section of Pen Branch between the embankment and the stream’s
confluence with the K-Reactor thermal effluent (Indian Grave Branch) , becausa
the stream waters would bs slightly above ambient. Ambient temperatures in
Steel Creek would be unaffected by L-Reactor operation.

This alternative would not comply with the maximum 32.2°C State discharge

temperature nor would it comply with the 2 .8°C allowable temperature rise limit
in Steel Creek.

Because this recirculation alternative wOuld greatly reduce the therml
discharge to Steel Creek, it would result in a significant reduction of impacts

tO the biota of the creek, its delta, the floodplain, and tbe Savannah Rfver in
comparison to tbe effects cauaed by direct discharge.
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After the impoundment, a portion of Pen Branch would remain as stream
habitat bet”een, the High-Level Pond and tba thermally impacted reach below

K-Reactor. The stream flow and water temperatures in this portion would bs
affected little by the operations of K– and L–Reactors. However, surviving fish
in this segment would becoma essentially landlocked; their access to upstream
portions would ba prevented by the High-Level Pond dam and their access to down-

stream portions and the floodplain swamp would be limited to perioda of
K-Reactor shutdown.

Tbe High-Level Pond would inundate approximately 1175 acres of upland
forest habitat , and about 610 acres of riparian wetlands associated with three
headwater tributaries of Pen Branch. The wetlands that would b impacted by
this alternative are classified as ksource Category 2 by the U.S. Fish and
Wildlife Service. This resource category and designation criteria include “high
value for evaluation species and scarce or bcoting scarce” (USDOI, 1981). The
mitigation planning goal’specifies that there be “no net loss of inkind habitat.
value. ” Some acreage would be used for pipeline rights-of-way. This impound-
ment would not affeet documented habitats of endangered or threatened species.

High-Level Pond makeup water would increase withdrawal from the Savannah
River by 9 percent (1.8 cubic wters per second) over present usage . This in-

crease,would raiae current impingement losses by about 956 fish per year and
entrainment loaaes by 1.3 x 106 eggs and 1.9 x 106 larvae per year.

Rsdiocesium transported from Steel Creek is expected to remain at its cur–
rent level of about O.25 curie per year. Smsll quantities of ceaium-137 would

be transported from Pen Branch. In addition, the Savannah River would receive’

ab6ut ,5820 curies of trltium per year from L-Reactor.

Nonradiological atwspheric releases would result in a maximum of 10 hours
per year of reduced visibility (leas than 800 meters) on the leeward side of the
impoundment. No icing or salt deposf.tion due to drift is expected.

This upland area characteristically has fewer archeological sites than
floodplain areas. ,Eight to 10 sites, of which one or two would be eligible for

tbe National Register are estimated to exist in this area; they would b subject
to flooding. A mitigation plan would be developed and implemented prior to
restart similar to that described for direct discharge.

The chemical characteristics of the overflow are expected to be similar to

those of the waters of Pen Branch and the Savannah River, except the concentra-
tion of suspended solids would bs lower. The water quality of the High-Level

Pond should be similar to that of,Par Pond. An ion-concentration (lake-to-

river) rat,io of 1.0 to 1.3 is expected for the High–Level Pond (Tiny, 1974).

The overflow to Pen Branch would not cause any erosion or sediwntation

patterns to change in the stream or its delta because its flow would be in-
creased significant ly from its present level. Spoil from the surface portion

of the embankment foundation in the Steel Creek floodplain, estimated to COn-
tain a total of 0.2 curie of cssium-137 and 0.02 curie of cobalt-60, would be
separated, contained, replaced outside the jurisdictional wetlands upstream of
the embankment, and covered ~t~ subsurface spoil to prevent erosion during the
construction period. This relocation would have no effect on net cesium trans-

port estimates. All uncontaminated material would be removed and used for
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backf i11 in the borrow areas. Thus, any impacts on water quality and turbidity

would be temporary until suspended particulate settle and bottom sediments
stabilize.

This alternative would require the following permits or processes: (1) a

U.S. Army COE 404 permit, (2) an SCDHEC 401 certification, (3) an NPDEs pertit ,
(4) a 316(a) demonstration, (5) consultations with the FWS, and (6) the prepara-
tion of a biological assessment for endangered species.

If this alternative is implemented before the restart of L-Reactor, the

environmental impacts would bc as described above. If it is implemented after

direct discharge occurs, the environmental impacts would include those described
in Section 4.4.2 .2.1 for once-through direct discharge (i.e., leas of 73o to
1000 acres of wetlands, etc.) plus those (i.e., loss of 610 acres of wetlands
and 1175 acres of uplands ) resulting from the High-Level Pond alternative. Any
mitigative effects resulting from this alternative would not begin until the end

of the 48-month construction period.

4.4.2 .4.4 Par Pond

Under this alternative, the existing Par Pond would be used to COO1 the

effluent from both P- and L-Reactors. A pumping station simflar to that re-

quired for the cooling-tower alternative, but wfth larger pumps (because of the
longer distance) would be built south of L-Reactor (Figure 4-41). An under-
ground discharge pipe from these pumps would run to the northeast to a knoll on
the ridgeline between the watershed of Pen Branch and Lower Three RUnS Creek
(Par Pond) . At this point, the pipe would discharge into a new excavated canal
similar to those constructed to carry P- and R-Reactor effluents to Par Pond.
The new canal would follow the ground contours to tbe northeast to connect to
Pond A near the R-Reactor effluent canal. From this point, the cooling water
for L-Reactor would follow the same path through Par Pond that R-Reactor cooling
water followed when that reactor was operating.

The Par Pond pumphouae served both P- and R-Reactors for sow time but

would require modification to serve hth L- a“d P-Reactors; at present this
pumphouse has a capacity for only one and a half reactors. Sow new underground
pipelines would be required to return Par Pond water to the L-ReactOr reaer-
Voir. The amount of ti~ required to design and construct this option should
range between 30 and 44 months (Du Pent , 1982b). This alternative would use the
same pumping system as the cooling-tower and High-Level-Pond alternatives.
Therefore, the same l-month shutdown would be required.

The estimated capital co~t~ for the par pond ~lternative ~o”ld be $104 ~~-

lion. Annual operating costs would bs approximately $4.3 million. The present
worth would be $178 million and the annualized cost would be $20.9 million (UU
Pent, 1983d). An estimated 360 construction personnel would bs required.

The relative production efficiency of Par Pond should bc about 96 percent

(derived from Du Pent, 1982b) of that for the direct discharge option. Water
withdrawn from the Savannah River would increase by about 17 percent (3.5 cubic
meters per second) over present usage by SRP, including the use of Par Pond for
COOling P-Reactor.
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Under extrems summer meteorological conditions (Section 3.1. 1), the over-

flow would have an exit temperature of about 33”C, which is about 4“ to 5°C
higher than the mximum summer temperatures wasured in Lower Three Runs Creek
below Par Pond. Ouring average summer conditions, the discharge would ~ at

31°C. Thus, only minor therwl impacts would occur to Lower Three Runs Creek or
the Savannah River as the result of both L- and P-Reactors discharging ther~l
effluents to Par Pond. The thermal stratification and chemical cycling in Par

Pond are described in Marshall and LeRoy (1971) and Alberts et al. (1979).

This alternative would not produce thermal impacts on Steel Creek. It

would provide normal compliance with the mximum 32.2°C State discharge temper-
ature limit .

Because this recirculation alternative would greatly reduce the thermal

discharge to Steel Creek, it would result in a significant reduction in impacts
to the biota of the creek, its delta, the floodplain, and the Savannah River in
comparison to the effects csused by direct discharge.

Because Par Pond already exists , any mdif ications of terrestrial habitat
would b limited to a temporary disturbance to approximately 50 acres to con-
struct a new pipe discharge canal and pipelines . This 2700-acre lake, however,
Containa a diversified and abundant assemblage of aquatic and semiaquatic biOta,
including mre than 100 American alligator (Murphy, 1981). This alternative
would increaae water temperatures in the north arm (former R-Reactor discharge
arm) of Par Pond, and potentially displace the alligator and wintering
waterfowl.

Increasing water temperatures in Par Pond in the sumer could affect reac-

tor operating power. The water withdrawal rate for hth p- and L-Reactor~
(about 3.5 cubic meters per second ) would cause the impingement leases of 1B58
fish per year and entrainment losses of 2.5 x 106 fish eggs and 3.8 x 106
fish larvae per year.

Radiocesi”m transported from Steel Creek is expected to remin at its cur-

rent level of about 0.25 curie per year. A small a“o”nt of radiocesium f~
transported from Lower Three Runs Creek to the river (Shure and Gottachalk,
1976; Gladden, 1979) ; this alternative could increase the rate of tranaport but
only by a minor amount (i.e., 0.25 curie). In addition, L-Reactor would dis-
charge about 3600 curies of tritium to Par Pond each year (ou Pent, 1982b) ; in
addition, several curies of radioceaium would be remobilized from the R-Reactor
cooling-water canal and lakes enroute to Par Pond. The total releaae of tritium
to the Savannah River from L-Reactor would be 6270 curies per year.

Nonradiological atmospheric releases would result in (1) a maximum of 20
hours per year of reduced visibility (less than 800 meters) on the leeward side
of the impoundment , and (2) a maximum of 15 hours per year of ice accumulation
on horizontal surfaces. No deposition of salts due to drift ia expected.

Four archeological sitea are known to exist and an estimated four others
would occur in the impact area. One of these sites would bs subject to impacta
caused by the reworking of the ground. A mitigation plan would bs developed and
implemented prior to restart sitilar to that described for direct discharge.
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Little or no change is expected in erosion or sedimentation patterns in
Lower Three Runs Creek because the overflow discharged to the creek would remain

approximately the aam as it is now and the creek &d ia in equilibrium with
this flow rate. There would b no change in the chemical characteristics of the
overflow from Par Pond dam. Dredged material would be mnitored and handled to
meet applicable regulatory requirements. Thus, no adverse impacta to water
quality, aquatic substrate, or existing turbidity levels would occur.

This alternative would require the following permits or processes : (1) an
NPDES permit, (2) a 316(a) demonstration, .(3) consultations with the FWS, and
(4) the preparation of a biological assessment for endangered species. A U.S.
Army COE 404 permit would not be required.

If this alternative is implemented before direct discharge occurs, the

environmental impacta would b aa described above (successional recovery of
about .730to 1000 acres of wetlands ). If it ia implemented after direct dis-
charge occurs , the environmental impacts would be the same as those described
in Section 4.4.2 .2.1 for once-through direct discharge (ie., leas of 730 to
1000 acres of wetlands, etc. ). Any mitigative effects resulting from this
alternative would not begin until the end of the construction period.

4.4.2.5 Other alternatives

The alternatives described below are not intended to be used alone, but

rather in combination with either direct discharge (reference case) or 6ne of
the cooling-ater mitigation measures.

4.4.2 .5.1 Thermal cogeneration

Different thermal cogeneration system were evaluated (ADL, 1983) for tech-

nical and econotrdc feasibility at the Savannah River Plant . This study con-
sidered the following alternatives:

● Heat pumps for onaite steam generation

● Electrical production with Rankine cycles

● Onsite industrial applications in which private industry would construct
new planta on SRP that would use the energy in the effluent streama

c Onsite agricultural /aquacultural applications

● Hot water delivery to offaite users

The study conaidera only the first two alternativea to be econorrdcally attrac-
tive. However, the thermal mitigation achieved by these alternatives is insig-

nificant . If either of these alternative ia considered for installation , it

would have to bc justified on its om energy recovery.

Two different scenarios were considered for onsite steam generation. The
first one would uae an open-open cycle heat pump system to produce 1.9 kilogram
per second of 275,790-paacal steam for use in L-Area. The preliminary cost
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escimte indicated this option was economical. However, the option would remove

only 0.3 percent of the heat from the effluent stream. This reduction amounts

to an insignificant 0.3°C drop in effluent temperature at the outfall. Using

the results, a preliminary assessment of using heat pumps to generate steam was
completed (Du Pent , 1983g). The assessmnt made the following conclusions:

● The system would be unreliable for continuous operation &cause the
reactor would not operate continuously.

● The steam from the river water would contaminate the system it served.

In summary, the heat pumps would have a minor thermal mitigation effect and

aPPear to k unfeasible for SRP operation.

A Rankine cycle using ammonia as the working fluid has teen proposed to
generate electricity from the energy in the heated effluent. ADL (1983) dis-
cussed variations on the basic system.

The Rankine cycle would lower the effluent temperature from 71“C to 49”C.
The effluent flow was assumed to be 11 cubic meters per second. For the Rankine
cycle alone, 58 cubic inters per second of cooling water would have a tempera-
ture drop from 23°C to 19°C across its cooling tower. This tower design is a

14°C wet bulb, 9°C approach tower. The preliminary power output was revised in

a followup study (Du Pent, 1983g) to be 29 megawatts.

Capital costs (ADL, 1983) for the Rankine cycle are $101 million. The DU
Pent (1983g) estimate is $270 million. Approximately 8 to 12 years would be re-
quired for research and development, design, and construction of the Rankine

cycle. Current ly, the largest commercially available and proven units are in
the l-megawatt range and operate at source temperatures greater than 93°C (Du
Pent, 1983g).

The Rankine cycle could also be used in a precooler mde (ADL, 1983), which
would slightly improve the economics. In the precooler mode, the effluent leav-

ing the Rankine cycle evaporator would bs piped to a cooling tower. This tower
would be separate from the Rankine cycle tower. Because of the low reliability
of the Rankine cycle , the effluent cooling tower would be sized to handle the
inlet water temperature directly from the reactor heat exchangers. By lowering
the inlet temperature of the tower to 49°C, which ia possible by the Rankine
cycle, the coolant exit temperature from the tower would be approximately 0.6°C
lower than when the inlet water temperature fa 7l°C. This lower exit tempera-
ture is based on using the 27°c wet bulb and 2.8°c approach cooling towers. If
the cooling-water system was operating in a complete recirculation wde , the
reactor power would be increased slightly. The increased reactor power would be
worth $540,000 (Du Pent , 1983e ) on a yearly basis if the complete recirculation
mode w= in uae centinuous Ly.

The environmental effects of the Ra”kine cycle would differ depending on
whether fc was used alone or in a precooler mde . For the precooler nwde , the
environmental effects would b nearly identical to those described for the par-
tial recirculation cooling-tower alternative, &cause similar amounts of water
are being evaporated in bOth ca~e~.
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If the Ranklne cycle is used in its standalone operation, a combination Of .
environmental effects would occur for cooling towers and the direct discharge

alternative. &cause the Rankine cycle has its own cooling tower, the envfron-
mental effects of fogging, icing, etc. , for cooling towers would be applicable.
The reactor effluent would leave the Rsnkine cycle evaporator at 49°C and enter
the L-Area outfall. This temperature is the equivalent of running L-Reactor

near 1200 megawatts. The entire Steel Creek system at this reactor power would
still bs above 32.2”c. Because of the conler water temperatures than those pro-
duced by the direct discharge case, larger backwater areas could exist with tem-
peratures low enough to support aquatic biota. Other than this exception, the
environmental impacts on Steel Creek for the Rankine cycle would be sitiLar to
those for the df.rect discharge case.

The ADL (1983) report also considered some Rankine cycle cases that would

have altered the existing reactor heat exchangers. As with the heat pump cases,
these variations are not economically feasible and could compromise reactor
safety.

4,4.2 .5.2 Low-head hydropower

Planning studies were carried out (Tudor Engineering Co. , 1980) to evaluate

the potential for hydroelectric power generation along the existing effluent
channels that convey the cooling-water discharges from K- a“d C-AreaS . The
cooling-water discharge from each area is about the same as that for L-Reactor,
and the effluent channels for each area convey the cooling-water discharges from
an existing outlet pipe to a natural stream similar to L-Reactor. Therefore,

the K- and C-Area studies as well as other studies (Jarriel and Price, 1979;
Price, 1980) provided a basis for the following paragraphs.

~o locations for turbines were considered. Both are shown in Figure
4-42. The upstream location would include a penstock attached to the existing
pipe that would carry the cooling effluent from the effluent sump to the out-

fall. This new penstock would bypass the outfall and discharge the effluent to
Steel Creek downstream of the outfall. Energy would be generated by passing the

water through a single hydroelectric turbine of the propeller type shown in Fig-
ure 4-43. The other location for a turbine would be below a new embankment
impounding a 500-acre lake. The lake would provide cooling for reactor effluent
before Its discharge into the swamp and the Savannah River.

A turbine located beside the L-Reactor outfall would have a capacity of
about 1100 kilowatts and generate about 7700 megawatt -hours annually. ThiS

power plant would cost about $11.5 million to construct. Annual operation a“d

Wintenance would cost about $100,000. The value of the energy produced was
assumed to be $0.17 per kilowatt-hour. The project could b completed in

tid-1985.

An alternative system for an outfall turbine would attach the turbine to a
spray cooling pipe. The spray cooling valves would be closed during the late
fall and winter, when they would not be necessary. With the spray cooling
turned off, turbine generation would occur as it would in the conventional sys-

tem beside the outfall. Some generation could be possible when the spray cool-

ing system was operating. The savings in energy from hydroelectric generation

for this alternative does not justify the additional cost.
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If a 500-acre lake was built to allow once-through cooling for L-Reactor,
it might be economically feasible to install a hydroelectric turbine in the out-
flow. The turbine would attach to the normal release from the lake and dis-
charge into Steel Creek. There would & no temperature reducticm due to the

addition of hydroelectric power, but the econotics of the 500-acre lake would
benefit from energy savings.

A power plant below the embankment would have a capacity of about 1350
kilowatts and generate about 9440 megawatt-hours annually. The additional cost

for the hydroelectric plant would be about $4.9 million. Construction would be
complete only a few mnths after that of the embankment . The annual operation

and maintenance cost would be about $100,000 per year.

Another alternative considered was construction of both the outfall plant
and the plant blow the 500-acre lake. For the combined system, the economic

benefits of the plant below the 500-acre lake would be the sam as those de-
scribed above. The economics of the outfall power plant would k reduced due to

the head reduction resulting from a higher tailwater (the 500-acre lake). For
the combined system the outfall power plant would still cost about $11.5 million
and could b complete in tid-1985. However, the capacity would be reduced to

about 1000 kilowatts and annual generation would be about 7000 megawatt-hours .

The use of hydroelectric turbines along the discharge canal of L-Reactor
would not reduce the thermal impact on Steel Creek or downstream wetlands . How-
ever, the hydroelectric turbines would utilize an energy source and could have a
positive impact environmentally in reducing the use of fossil fuels at SRP.

4.4.2 .5.3 Modified reactor operation

The total heat load discharged into Steel Creek is a direct function of re-
actor power. Therefore, power could, in theory, be limited to a level below
that achieved at normal operating limits to control this heat load. As power is
reduced, the temperature (under extreme summer conditions ) would bc reduced from
about 80”C at the outfall for 2400 megawatts-thermal to 71°C at 2000 megawatts-
thermcl, to 53°C at 1200 megawatts-thermal, and to 40”C at 600 megawatts-
thermal. The temperatures within the Steel Creek system would also be affected
by reactor power levels . Simultaneous reduction of power and flow would in-
crease the outfall temperatures higher than those reported above and, therefore ,
offer little bnefit to the upper portions of Steel Creek.

While low power operation would not b practical for extended periods of
time, it could provide a means of meeting thermal limitations for short peri-
ods . If the power were reduced, cooling-ater flow could also be set to reduce
either the total flow or the temperature of Steel Creek. At reduced power, pro-
duction efficiency would be correspondingly reduced.

When mdified reactor operation is used in conjunction with alternative
cooling systems, the temperature of the effluent could ~ reduced further. For
example, temperatures in the lower portion of the Steel Creek and in the swamp
and Savannah River downstream of Steel Creek would k determined not only by the

operating power and cooling~ater flow of L- and K-Reactors , but also by the
atmospheric conditions and river temperatures and flow. Thus , this option could
be appropriate during periods of extreme meteorological conditions (such as
occurred between July 11 and 15, 1980).
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If extreme conditions combined to provide a tberml plume in the river that
is large enough to threaten the zone of passage, then the power and cooling-
water flow to either or both reactors could be adjusted.

4.4.2 .5.4 Fisheries management programs

As discussed in Section 4.1.1, the reference use (direct discharge to
Steel Creek) would have adverse thermal, entrainment, and impingement effects on
some of tbe biological system in Steel Creek and, to a lesser extent , the
Savannah River. One nption for mitigation of these effects would be the provi-
sion nf replacement habitat or substitute individuals to compensate for the
losses incurred. Although such losses would not be confined to one trophic
level or .gro”pnf aquatic organisms, the mitigation alternatives would focus on
fish because of their commercial, recreational, or eCOlogi Cal value, and, i“ one
case, their endangered species status.

This alternative would use the existing cooling-water system without any
modifications and would have no effect on any impact of L-Reactor operation
other than fish leases .

Based on recent Savannah River and Steel Creek surveys (ECS, 1983a,b; Smith
et al. , 1982), the fish species most likely to be affected by the various en-
vironmental effects associated with once-through cooling from the Savannah River
and direct discharge to Steel Creek would be American shad, striped a“d large-

mouth bsss, blueback herring, catfish and sunfish (Table 4-53).

Table 4-53. Fish species impacted by direct discharge to Steel Creek

Potential fish
Environmental effect species affected

Entrainment of fish eggs and larvae Blueback herring, striped bass,
American shad

Impfngenent of fish Clupeids (shad and herring),
centrachids (sunfish)

Lnss of spawning lnursery habitat in Channel catfish, redear and
Steel Creek fawamp system bluegill sunfish, largemouth

baas, blueback herring
Effect of Steel Creek therml PIUW Blueback herring, striped basa ,

in the Savannah River American shad

Other species that were considered for possible mitigation action include
the Atlantic sturgeon because of its commercial value and the shortnose sturgeon
because of ita endangered species status.

Replacement mitigation alternatives would include the following:

● Restock impacted species either by an onsite fish hatchery or through a
cooperative agreement with local state andlor Federal fish hatcheries.
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● Protect wetlands sidlar to the Steel Creek/swamp system by purchasing
or establishing a fisher$es /wildlife preserve.

● Conduct or support research as part of a coordinated Savannah River
fisheries msnagemsnt program and/or support the development of culturing
techniques for fish species that are not currently being raised for re-
stocking purposes.

4.4.2.5.5” Wstocking

The criteria used to select fish species for n!itigation alternatives
elude present and potential commercial and recreational value, ecological
endangered species status, and existing
bility. Table 4-54 identifies both the

selection.

The ecological value criterion was
to the Savannah River ecosystem without
itv. The culture feasibility criterion

in-
value,

culture capacity and/or culture feaai-
species and the criteria for their

hssed on present or potential importance
consideration of system-carrying capac-
included availability of broodstock,

availability of hatching and rearing techniques and present production capacity
of local hatcheries. Cost was not considered as a criterion for species selec-

tion; however, cost estimates are provided below after a description of the
mitigation alternatives.

The Savannah River Plant bas several sites that are suitable for fish
hatching and rearing, including the Flowing Streams Laboratory on Upper Three
Runs Creek and the Par Pond facilities. Both a hatchery facility and rearing

ponds would & required. Well water at a flow rate of 760 to 1135 liters per
dnute would be required for the hatching operation; surface water would bs
suitable for the rearing ponds. Costs to modify an existing facility for the
hat thing operation, would & approximately $250 ,000; the construction of a new
facility would cost approximately $400,000. Construction of the 10 to 12 0.5-

acre rearing ponds would cost as much $400,000. Annual cost to operate the
facilities, including support for a fish hatchery biologist and two technicians,
would he at least $250,000. Approximately 18 months would be required to design

and construct the facilities. Depending on the fish species cultured, full-
scale production could & achieved in 5 to 10 years . A wastewater-treat mnt
lagoon could he required for rearing-pond effluent but would probably not k re-

quired for the hatthing facility.

Based on the species selection criteria, American shad and/or blueback
herring are the best candidates for an SRP hatchery operation. No local hatch-

eries currently exist for these species. Broodstock could bs obtained by gill
netting in either the Savannah River or Upper Three Runs Creek. Techniques for
fertilizing the eggs and hatching the embryos are available . However, problem
have previously been encountered in rearing shad and herring fry to stocking
size because of their susceptibility to handling stress at this life stage.
Stocking at the larval stage could ba required to minimize handling mortality.
Several local striped bass hatcheries are already in full production. Also,
collection of striped bass broodstock would be difficult. However, striped bass
fingerlings could be obtained from another source and reared in SRP ponds.
Techniques for hatching and rearing Atlantic and shortnose sturgeon are not

available, but are currently being developed at the Orangeburg National Fish
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Table 4-54. Criteria for selecting fish species for udtigatlon alternative

Candidate Commercial value Recreational value Ecological Endangered Culture

species Existing Potential Existing Potential value species feasibility

Striped bass

Blueback herring

Amrican shad

y
Atlantic sturgeon

z
a

Shortnose sturgeon

None

None

Medium

Low

None

ANADROMOUS SPECIES

Low Low High

Medium Low Medium

High Low High

Medium Low Medium

Medium None Low

Channel catfish Low Low

Unknon No bcal hatcheries in
production; value of

SRP hatchery would be
minimal but rearing
ponds are feasible.

High No No local hatcheries
exist; SRP hatchery
is feasible.

High No No local hatchery
exists; SHP hatchery
is feasible.

Unknown No Local hatchery is
developi~ tech-
niques; SHP hatchery
not feasible nor
practical.

Unknown Yes bcsl hatchery ia de-
veloping techniques;

RESIDENT SPECIES

High High High

SRP hatchery is not
feasible nor
practical.

No bcal hatcheries in
production; stock

could b purchased.



Table 4-54. Criteria for selecting fish species for mitigation alternative (continued)

Candidate Commercial value Recreational value Ecological Endangered Culture
species Existing Potential Existing Potential value species feasibility

Largemouth baas None None High High High No Local hatcheries in
production; stock

Sunfish (redear None None
could & purchased.

High High High No bcal hatcheries in
and bluegill) production; stock

could be purchased.



Hatche~. Obtaining and handling broodstock for these species would be a
problem because of their lnw relative abundance and large size.

An alternative to using SRP land for hatcheries would be to obtain fish
from local hatcheries. Both Georgia and South Carolina have hatchery facilities
for striped bass, channel catfish, largemouth bass, and sunfish. A cooperative
agreement could be established whereby SRF would provide support for the hatch-
ev operation in exchange for fish of stocking size. The species and the number
of individuals/species stocked would depend on estimates of L-Reactor impacts,
mortality rate of natural and stocked fish, carrying capacity of the system
stocked, and availability of hatchery fish. Cost of this mitigation alternative
would be considerably less than the annual operating budget for an onsite hatch-
ery (i.e., $100,000 per year).

4.4.2 .5.6 Protect similar wetlands

If available, a PrOPertY comparable in size and wetlands value to the Im-
pacted Steel Creek/swamp area could be purchased and set aside as a fisheries/
wildlife preserve. Also, property of similar size could b set aside on the SRF
site. Thermal discharges from L-Reactor could reduce the spawning/rearing
habitat currently utilized by fish species in the Steel Creek/swamp system.
Other creeks and associated wetlands with similar spawning/rearing habitat exist
between the New Savannah Bluff Lock and Dam and the lower tidal reaches of the
Savannah River. A large parcel of land (greater than 1000 acres ) would cost

apprOxi~tely $500 per acre.

4.4.2 .5.7 Support fisheries research

It could be desirable to conduct/support fisheries research.
knowledge of the population dynamics and life history patterns of

Thorough

fish would be
needed before good fisheries management decisions can be n!ade. Recomwndat ions
for a fisheries management program based on a questionnaire completed by state
and Federal fisheries biologists in the southeastern United States (Rulifson et
al. , 1982) emphasized these research needs. Additional research would also be
required to develop techniques for hatching and rearing several species of im-
portance to the Savannah River system, which include the shortnose and Atlantic
sturgeon. A research program to collect fisheries data on selected anadromobs
fish species in the Savannah River would cost $150,000 per year. An additional
$50,000 per year could be used to support the development of sturgeon culture
techniques.

Initial costs (capital investment and construction), yearly operational
costs, and total costs after 5 yeara are sumrized in Table 4-55 for each of
the program described above.

4.4.2.6 Comparison of alternatives

Thirty-three alternative cooling-water systems were evaluated. The alter-

natives considered can be grouped into five major categories--once-through cool-
ing lake, recirculating cooling lake, once-through cooling tower, recirculating

cooling tower, and direct discharge. This section summrizes the engineering

and environmental eValUatl Ons for the most favorable alternatives for each
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Table 4-55. Yearly operational and total costs for
mitigation alternatives

Initial Operation 5-year
Mitigation alternative Cost cost per year costa

Restocking program
SRF hatchery $650,000 $250,000 $1,900,000

Agreement with local hatcheries -- 100,000 500,000
Fisheries/wildlife preserve 500,000 10,000 550,000
Support/conduct fisheries research -- 200,000 1,000,000

aNot adjusted for inflation.

category of cooling-water systems. This approach enables the reader to eval-
uate comparatively a range of reasonable alternatives, thus defining the fssue~
and providing a clear basis for choice among alternatives. The criteria used
in selecting the most favorable alternatives in each categocy are ability to
meet South Carolina water-quality standards, product ion considerations, sched-
ule, environmental factors, and the cost. Ability to expedite the schedule was

also considered for these alternatives and the degree that reactor operation
must be modified to meet State of South Carolina water-quality standarda.

Seven once-through cooling-lake options were considered: small lakes, small
lakes with upstream spray cooling, small lakes with upstream and downstream
spray cooling, a 500-acre lake, a 500-acre lake with upstream spray cooling, a
50&acre lake with upstream and downstream cooling, and a 1001)-acre ~ke . The
1000-acre la% evolved from the 500-acre lake in that it is the largest lake

(thus providing better cooling and operational flexibility to comply with South
Carolina water-quality standards ) that could be constructed on Steel Cresk in a
single construction season (i.e. , 6 months). For a lake size greater than 1000
acres, the construction schedule would be longer than a single construction
season due to the need to build additional embankments and reroute major roads.
The construction of the 1000-acre lake could also require more than one con-

struction season if an unexpected delay occurred to the start of embankment con-
struction. Thus, the 1000-acre lake is considered to be the best option for
this category. Reduced react”or power levels would ba required to comply with
South Carolina water-quality standards (i.e. , maintaining a balanced biological

community in the lake). The schedule for lake construction -n be greatly ac-
celerated from the estimates given earlier because the U.S. Army Corps of Engi-
neers (COE) has a staff readily available to design and construct the embankment
to fom the lake. This COE workforce is completing the construction of the
Richard B. Russell Dam on the Savannah River and is now becoming available.

Four recirculating cooling-lake options are considered: a 1300-acre lake,

Ral Pond, a High-Level Pond, and Par Pond. The Par Pond option is not con-
sidered further due to the significant impact on reactor operation for both
P- and L-Reactors and the potential environmental effects on the Par Pond eco-

system. The 1300-acre lake option is considered to bs the bsst ~ca”~e it
requires the shortest time tO implement “ith the least environmental effects.
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Lake construction, however, would require mre than one construction season.
Reduced power operation would be required to maintain a balanced biological

community in the lake.

For once-through cooling towers, three different designs--2. 8“C, 5.6 “C, and
8.4°C approach temperatures--for fo“r differe”t discharge options--discharge to
Steel Creek, canal to swamp, spray canal and canal to swamp, and canal to swamp
and pipe to the Savannah River--were considered. The 2.8“c approach cooling

tower is considered the best kcauae it has the lowest discharge temperature;
direct discharge to Steel Creek is used in this comparison because it requires
a minimum amount of time and cost to implement with the least impact on reactor
operation (e.g. , minimum annualized cost). Exceedancea of the South Carolina
water-quality standarda of 32.2 “C at the discharge point would be expected only
rarely; however, a variance would have to be requested from the South Carolina
Department of Health and Environmental Cent rol (SCDHEC) for the 2.8°C tempera-
ture difference requirement. The schedule could b expedited to complete con-
struction in slightly more than 1 year.

For recirculating cooling towers, three different designs--2 .8°C, 5.6°C and
8.4°C approach temperature--for four modes of discharges--total recirculation
with blowdown to Steel Creek, total recirculation with blowdown treatment prior
to discharge to Steel Creek, partial recirculation with discharge to Steel
Creek, and partial recirculation with refrigeration before discharge to Steel

Creek--were considered. A discharge of the blowdown to Steel Creek without
treatment would require a variance from the SCDHEC requirement for a delta-T of
2.8”c. The 2.8*C approach temperature with total recirculation and treatment of

blowdown is used in this comparison because it resetsSouth Carolina water-
quality standards and causes the least amount of impact on reactor operation

(e.g. , minimum annualized cost).

Four direct discharge options were considered--direct discharge to Steel
Creek (reference case ), spray canal, penstock diversion to Pen Branch, and lake-

canal diversion to Pen Branch. Because the spray canal would only provide a
udnimum amount of thermal mitigation, and because the two diversions to Pen
Branch options would impact previously unaffected areas, direct discharge has

been used in this comparison. DOE does not intend to pursue the option of
direct discharge; its implementation would require either a reclassification of
the Steel Creek system by the State of South Carolina or a Presidential exemp-

tion from the requirements of the Clean Water Act.

Table 4-56 compares engineering and environmental factors for the five

alternative cooling-water systems--once-through 1000-acre lake, recirculating
1300-acre lake, once-through 2.8°c approach temperature cooling tower, recircu-
lating 2.8°C approach temperature cooling tower with treatment of blowdown, and
direct discharge. After considering al1 factors, DOE has selected the once-

through 1000-acre lake as its preferred cooling-water alternative because it:

1. Meets all State and Federal regulatory and environmental requirements,
eliminating thermal impacts on the river, wamp, and unimpo”nded
stream, while providing a productive balanced biological community
within tbe lake

2. Provides the earliest reactor startup and the mximum plutonium de-

liveries of any regulatory and environmentally acceptable cooling-water
alternative
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Table 4-56. Comparisonof cooling-wateralternative

R8circulating
coolingtmer

tice.throu~ ROcirc.lating hce-throu~ (2.8°Capproach
Eval”atio” coolinglake coolinglake coolingt.mers and treatment
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capital

(million$)
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year)

Therml
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acceleratedto com-

pletelakOin one
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Table 4-56. Comparisonof cooling-wateralternatives(centinued)

Recirculating
coolingt-r

Mce-throuti Recirculating Ehce-throu~ (2.8-Capproach
Evaluatio” coolinglake coolinglake cmling tcuers and treatwnt

factOrs (1000....s) (1300acres) (2.8°Capproach) of blotionn) Directdischarge

Ibdification Po~r roductio”would 4% inherentoperating *rating p.m. of Hi@er temperatureof Operatingponar

to operation be necessarybatneen pwer 10s8. Greater 10~; infreqw”t recirculatingcooling of 100%.
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Table 4-56. Comparisonof cooling-wateralternatives(continued)
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Table 4-56. Comparisonof cooling-wateralternatives(continued)
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3. Has the lowest costs of any regulatory and environmentally acceptable

cooling-water alternative

4. Is amenable to backfitting with precooler systems, if needed, which
could improve reactor operational flexibility and the product ion
capability.

The recirculating cooling tower alternative is considered the most favor-

able environmentally because it would not impact wetlands, the Steel Creek cor-
ridor, or uplands. This alternative was not identified as the preferred alter-

native, however, because it would require about 27 months to implement, even on
an expedited baais; this would cause a large, unacceptable loss in material pro-
duction. In addition, it would have a very high capital cost.

The recirculating cooling lake alternative is the next ~st favOrable ~n-

vironmentally; its impacts are similar to those of the recirculating cooling
tower, except it would inundate about 900 acres of uplands and 400 acrea of wet-

lands. This alternative would have very high capital costs and a long schedule

for construction in relation to that for the 1000-acre cooling lake. Even on an

expedited basis (i.e. , 18 months), the longer schedule would result in a large,
unacceptable loss in mterial production.

The once-through cooling tower would have similar environmental impacts to
those of the 1000-acre lake, except for the acreage inundated by the impoundment
and the thermal shock effects of the discharge from the cooling tower on aquatic
biota during startup or shutdown of the reactor. In addition, this alternative
would have a longer construction schedule, with an attendant impact o“ ~terial
production, would have twice the cost of the 1000-acre lake, and would require a
variance from South Carolina thermal standarda.

4.4.3 Disassembly-basin water disposal

4 .4.3.1 Background

The disassembly-basin watei &comes contaminated when tritium and other

radionuclides are carried over as process water adhering to the fuel and target
assemblies and when tritium is contained as water of hydration in aluminum oxide
on the assemblies. The disassembly-basin water is recirculated through sand
filters and deionizes to clarify the water and remove radionuclides; tritium,
however, is not removed in the process, and SmaII residuals of other radiOn”-
clides also remain (Table 4-57). When the tritium content of the disassernbly-
basin water has built “p to a procedural control level, the water is purged from
the disassembly basin. Normally the basin is purged of as much as 1,890,000
liters of water following each reactor discharge. The purge is not continuous,
but occurs at a frequency that depends on the type of reactor assemblies and the
frequency of discharge operation; typically, the basin is purged twice each
year.

Initially, the L-Area disassembly basin would contain very little tritium
because the reactor would start “p with a nontritiated charge of heavy water.
The amount of tritium discharged would gradually increase as the tritium content
of the reactor process water i“crEases d“e to “eutro” activation. After about
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Table 4-57. Expected average annual liquid releasea of
radionuclides to the L-Area seepage basin--

tenth year

To Steel Creek from
To seepage basin ground watera

Radionuclide (Ci/yr) (Ci/yr)

H-3 bl.1 ~ 104 6.0 X 103

P-32 1.2 x 10-3 —-

S-35 9.5 x 10-3 2.9 X 10-8

Cr-51 1.8 X 10-1 --

CO-58, CO-60 3.7 x 10-4 2.1 x 10-~
Sr-89 7.0 x 10-5 .-

Sr-90 2.0 x 10-4 —-

Y-91 5.1 x 10-3 --

Zr-95 1.1 x 10-2 -.

RU-106 3.4 x 10-4 1.7 x 10-5

Sb-125 8.0 X 10-3 2.6 X 10-3
1-131 6.9 X 10-3 —

CS-134 5.1 x 10-3 --

CS-137 4.4 x 10-2 --

Ce-144 1.9 x 10-2 3.8 X 10-4
PM-147 2.8 X 10-3 8.8 x 10-4

Unidentified
beta-gamma 8.9 X 10-2 --

Unidentified
alpha 3.2 X 10-4 --

aoutcrop activities after 15 years of L-Reactor oper-

ation. Due to long tranaport time in ground water, Sr-90
and Pu-239 would not reach outcrop until many years after
L-Raactor operations have ceased. Estimated dose effects at
this ti!neare much smaller than those due to the listed
radionuclides.

bThirty percent of this tritium is

evaporate.

10 veara of oueration. the tritium content of the

expected to

process water would approach
an &quilibriurn; that is, the amount of new tritium produced would equal the
amount lost through radioactive decay, leakage, and carryover during discharge
operations.

The following subsections describe alternative disposal methods for
disassembly-basin purge water and compare these msthods on the bases of cost and
offsite doses.
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4.4.3.2 Discharge to seepage basin

DOE is conducting continuing studies of the detritiation of all SRP reactor

moderator, the discontinued use of seepage basins, and related cleanup and
remedial actions (Section F.6) . Table 4-57 lists the expected annual releases

of radionuclides to the L-Area seepage basin snd the releases of radionuclides
to Steel Creek by ground-water transport from the seepage basin.

Approximately 30 percent of tbe tritium entering the seepage basin would

evaporate, and the remainder would seep into the ground, entering the uppermost
water-table aquifer, the Barnwell Formtion. The water is then exDected to mve

horizontally, outcropping in Steel

quantity of tritium reaching Steel
discharged to the seepage basin by

4.4.3.3 Discharge to Steel Creek

Creek approximately 4.4 years later.
Creek is reduced to about 50 percent
evaporation and radioactive decay.

The
of thst

Direct discharge to Steel Creek would lose the advantage of radioactive

decay found in the seepage basin disposal method. Also, concentrations of
tritium and other radionuclides in Steel Creek and the Savannah River would
reach mximums during purges and drop to lower levels afterward. If discharged

to Steel Creek, the purge water would bs diluted with cooling water and evapora-
tive losses to the atmosphere would be small.

4.4.3.4 Evaporation

The purge water from the disassembly baain could be evaporated using a

small commercially available boiler, vent stack, and dispersion fan. All tbe
tritium would be dispersed in the atmosphere while other radionuclides would be
retained in the evaporator bottom and removed by ion change. No radioactive

materiaIa would enter SteeI Creek under this alternative.

The estimated installatio-n cost of such a unit would be $2-3 tillion and

the operating cost would be $300,000 per year at $22 per thousand kilograms of
steam.

4.4.3.5 Detritiation

AS discussed in Section 4.4.5, detritiation of reactor moderator in a cen-
tral facility is being considered for all four SRP reactors. The ❑oderator
detritiation plant is expected to reduce equilibrium mderator tritium levels by
a factor of ten. Inasmuch as the moderator would be the source of the tritium
that contaudnatea the disassembly-basin water, a corresponding factor of ten re-
duction in the basin water triti”m concentrations and releases from this source
is expected.
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4.4.3.6 Comparison of alternative

The mntribution to offsite dose of disassembly-basin discharge to the
seepage basin, of direct discharge to Steel Creek, and of evaporation were cal-
culated for the purpose of comparing these alternatives. Calculations of total
dose from L-Reactor operation with discharge to the seepage basin and with
direct df.scharge to Steel Creek ran b found in Appendix B.

The amounts of tritium entering the atmsphere and liquid pathways as a re-
sult of discharge to the seepage basin, discharge to Steel Creek, and evapora-
tion are listed in Table 4-58. These releases are predicted to occur after the
tenth year of L-Reactor operation. During the first year, about one-tenth of
these amounts would be released. Some radionuclides other than tritium would be
released to Steel Creek, from both seepage-basin disposal and direct discharge
to Steel Crack. The values listed in Table 4-57 are only those associated with
disassembly-basin purge water and do not include releases from other sources
such as heat exchanger leakage, process sumps, and evaporative loss from process
water leaks.

Table 4-58. Tritium releases from dieassembly-
basin water disposal alternatives--
tenth year

Tritium releases (Ci)
With seepage Direct to

Release pathway basin Steel Creek Evaporation

Atmosphere 3,200 — 11,000
Steel Creek 6,000 11,000 --

Table 4-59 lists offsite doses from the tritium and other radionuclides.
Doses to the maximum individual from seepage-basin disposal would be about half

of those from a direct discharge to Steel Creek and twice those expected from
the use of an evaporator. Estimated population doses from an evaporator would
be slightly lower than those from either a discharge to the seepage basin or a

direct discharge to Steel Creek. However, these differences would be small.

There would be little difference in cost between a discharge to the seepage
basin and a direct discharge to Steel Creek; the mst of either method would he
small. Considering only operating costs, the cost-benefit ratio for installing
an evaporator system would be $42,000 uer person-rem avoided in the offsite ITE. .
population doses; this is a costly alternative. The cost-benefit ratio for

detritiation of the mderator would be even greater per person-rem avoided (Sec-
tion 4.4.5).

Thus, DOE has selected the discharge to seepage basin as its preferred
alternative; at the same time, research and developwnt activities for detritia-
tion are continuing for potential general application at the Savannah River
Plant.
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Table 4-59. Offsite doses from disassembly-basin
water disposal alternatives--tenth year

Exposure With seepage Dire ct to

pathway basin Steel Creek Evaporator

MAXIMUM INDIVIDUAL (CHILD) DOSE (mrem/yr)

Atmospherea 0.013

Liquidb 0.074

Total 0.087

POPULATION DOSE

Atmspherea
80-kilometer radius 0.5

Liquidb 8.6—

Total 9.1

-- 0.044

0.15 --

0.15 0.044

(persOn-rem/yr)

.- 1.9
15.9 --

—

15.9 1.9

aTritium only released by atmospheric pathway.
bRadionuclides other than tritium also enter liquid exposure

pathway.

4.4.4 186-Basin sludge removal

4.4.4.1 Background

L-Area is equipped with a 95-million-liter reservoir (186-Basin) to hold
cooling water for che reactor. The reservoir is divided into three separate
basins , which are mnnected by sluice gates. All the water that comes from the
Savannah River , which is used to cool the reactor during periods of normal oper-
ation and shutdown, would pass through the 186-Basin. The &sins would also be
used as settling basins to remove suspended solids from tbe water, thereby pre-
venting their accumulation in the heat exchangers.

The average suspended solids concentration of the water drawn from the
Savannah River is 21 tilligram per liter. Tbe primary source of the suspended
solids in the Savannah River iS from the erosion of Piedmont soils above the
fall line. About 2 percent of the suspended solids that enter the 186-Basin are
actually deposited in the basin, amounting to about 110 metric tons of sedimnt
on an annual basis.

The sediment that ~~cumulates in the 186-Baain has been found to be a
habitat suitable for growth for the Asiatic clam, Corbicula. Clams, which would
be swept up by the water flowing to and through the reactor heat exchangers,
would attach themselves to the piping and heat exchangers and centinue to
thrive. Eventually, the piping and heat exchangers could becou fouled, or even
plugged, and their ability to transtit the heat generated by the nuclear fission
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process in the reactor to the secondary @oling water would b imPaired. To
redu~ the potential for Asiatic clam growth and development, the sediment in
the 186-Basin would be remved on a periodic basis.

The following is a discuaaion of four alternative mthods that could be
employed to eliminate the sediment accumulation problem in the 186-Basin. They
are compared on the &ala of relative effort to implewnt each alternative.
These alternative are as followa:

1. Batch discharge to Steel Creek
2. Land application
3. Borrow pit application
4. Continuous sedimsnt suspension

4.4.4.2 Batch discharge to Steel Creek

During perioda of reactor shutdown and after the basina have been drained,
this alternative would flush the sludge to the process sewer and eventually to
an onsite stream. This procedure would take about 2 weeks.

With EPA’s establiahwnt of the National Pollutant Discharge Elimination
System (NPDES) permit, a daily maximum limit of 50 milligram per liter for
total suspended solids was established for discharges to surface-water streama.
During the periods in which the basins were cleaned of sediment, the suspended
solids concentration in the effluent to the onsite streams exceeded this limit
by 10 to 110 milligram per liter. An exemption from the suspended solids
limits has been obtained for the basin-cleaning activities at C-, K-, and
P-Reactors under the January 1, 1984, NPDES permit for SRP (Section 7.4). Daily
composite samplea for total suspended solids are required during the cleaning
period, and the results must be reported annually to SCDHEC.

Batch discharge would allnw sediments flushed from the 186–Basin in L-Area
to be discharged to Steel Creek. The reauapended sediments discharged to Steel

Creek would be deposited in the creek before they reach the Savannah River
swamp. These sediments muld possibly be resuspended and transported when the
water flow in Steel Creek increasea due to storm or reactor startup.

Since 1968, when L-Reactor was placed on standby statua, daily maxiruum SUS-
pended solids mncentrations in Steel Creek and in the Savannah River have bsen

observed to exceed EPA NPDES limits due to natural causes, and are comparable to
the valuea anticipated with the draining and cleaning of the L-Area 186-Basin.
The draining and cleaning of the L-Area 186-Basin would be carried out over a
period of several daya to 2 weeks on an annual basia.

4.4.4.3 Land application

TC

The sediments that naed to & removed from the L-Area 186-Basin could &

applied tO the land tO enhanm grOwtb Of a vegetative cover. The sediment is
essentially topsoil from the Piedmont region abve the fall line that has been
eroded and waahed away by storm runoff into the Savannah River.
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To be able to handle it in an efficient and economical manner for land
application, the sediment would have to b dried to a high solids content
(sludge ). This could be accomplished during a scheduled extended reactor shut-
down by decanting the water from the basin, leaving the sediment. This water

could h discarded in the process sewer line that discharges to Steel Creek.

The remaining sediment and water (sludge ) could them b transferred to a
sludge-drying baain, via (1) another process sewer line or (2) truck transport.
On mmpletion of the transfer, the 186-Basin could b returned to service, with
no effect on reactor restart. The sludge would dry, or thicken, under natural

conditions. On reaching a solids content suitable for handling, the sludge
would be trucked to a site designated for the application.

This alternative would require the construction of a basin for sludge dry-
ing and the installation of an additional process sewer line mnnecting the 186-
Basin to the new basin, if the process sewer line option identified above were
selected.

4.4.4.4 Borrow pit application

Another alternative to batch discharge to Steel Creek would be to place the
material in retired borrow pita on the SRP site. These pits were sources of

earth-fill mterial for various construction projects on the SRP.

This alternative would also require the instruction of a sludge-drying
basin and the additional process sewer line connecting the 186-Basin with the
sludge-drying basin. The time requirements for this alternative would be simi-
lar to

start.
borrow

those for land application, and would not have an effect on reactor re-
This alternative, though, would be limited to the number of retired

pita on the SRP and their capacity.

4.4.4.5 Continuous sediment suspension

A means to prevent sediment accumulation in the 186-Basin would be to keep
solids in suspension in the water as it transits the basin. Agitation and tur-
bulence of the basin water would accomplish this objective.

If implemented, the suspended solids concentration of the effluent stream
discharged to Steel Creek would be essentially the same as that of the water
drawn from the Savannah River. The total amount of sediment discharged to Steel
Creek under this alternative would be the same amunt discharged under the
“batch discharge to Steel Creek” alternative des cribed above. Continuous sus-
pension of the sediment in the 186-Basin, however , would not prevent the accumu-
lation of sediment in

and might improve the
the L-Reactor heat exchangers and secondary cooling piping

habitat for the Asiatic clam.
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4.4.4.6 Comparison of alternatives

None of the alternativea described above would have an impact on L-Reactor
restarts following a scheduled extended shutdown. The ‘“batchdischarge to Steel
Creek’” and “continuous sediment suspension” alternatives would have no land use
requirements, but could contribute to delta growth in the Savannah River swamp.
The “borrow pit application’” alternative would ba limited to the number and
capacity of retired borrow uita on the SRP.

The “batch discharge to Steel Creek’” alternative would not require funda
for instruction activities , while the other three alternatives would require
funds for constructIon, equipment procurement, maintenance, and additional oper-
ating expenses.

DOE has selected the batch discharge to Steel Creek as its preferred
alternative. Bat ch discharge is presently allowed by the SRP NPDES permit
issued by the South Carolina Department of Health and Environmental Control.
This permit requires the performance of a l-year study to determine the poten-
tial environmental effects of batch discharge.

4.4.5 Moderator detritiation

The possibility of a detritiation plant to remove tritium from heavy-water
moderators in all SRP reactors is being studied. The moderator detritiation
plant (MDP) would reduce mderator tritium content by a factor of ten to 1.7
curies per liter.

Tritium is formed in the heavy-water moderator by neutron irradiation of
deuterium. Tritium reaches the environment through both liquid and gaseous

pathways. Table 4-60 presents data for reactor tritium releases from all SRP
operations. Operation of an MOP is expected to reduce reactor releases , includ-
ing the contribution from L-Reactor operation, to 13 percent of the tabulated

values.

Evaluation of the MDP is underway. The concept envisions the use of a
central facility processing water from all four SRP reactors. The process being

considered is based on atalytic exchange ktween heavy-water feed and detriti-
ated deuterium gas. Tritium is extracted into the deuterium gas stream, which

is cryogenically distilled to separate the tritium from the deuterium. The
purified deuterium gas stream is returned to the catalytic exchange.

ho process variations are under consideration. In the first, which has
been demonstrated and operated since 1972 on a scale about 1/7 of that required
for SRP, a vapor phase exchange is employed. The heavy-water feed is first con-
verted to steam, which is then mixed with the deuterium gas in contact with the
catalyst. In the second variation, which has only been demonstrated on a labo-
ratory scale, the heavy water is mintained in the liquid phase during contact
with the deuterium gss stream in the presence of the catalyst. This latter

variation offers the potential for significant cost savings compared to the
former.

TC
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Table 4-60. Reactor tritium releasea from SHY operation

Curies for 3
Releasea reactors (annual)

LIQUID

Direct reactor releaeea to river 8,800

Indirect to K-Basin and Par Pond 9,800

From heavy-water rework to river 2,000

Total 20,600

ATMOSPHERE C

From reactor stacks 146,000

Evaporation from disassembly and
seepage basins 6,000

Total 152,000

Current estimates ere based on a start of detailed design of the MDP in
1986, start of construction in 1987, and operation in 1992. By 1992, the esti-
mated mnderator tritium level will be 9 curies per liter, increasing at a rate
of 0.7 curie per liter per year. Tritium releases from L-Reactor will repreeent
about 15 percent of all SRP reactor tritium releases.

Capital costs of the MDP (escalated to the time of expenditure) are esti-
mated to be in the order of $125 million. Estimated annual operating cost for
the first year of operation is $6.2 million. These estimtes plsce the cost-
benefit of the ~P in excess of $1 million per person-rem exposure averted.

4.5 PREFERRED ALTERNATIVES*

This section presents the potential environmental effects of L-Reactor
operation with the implementation of the preferred mitigation alternative
(described in Section 4.4). This alternative la discussed in more detail in
Appendix L.

*Becauae this section IS new, vertical change bars are not required.

4-206



4.5.1 Preferred mitigation alternatives

4.5.1.1 Safety-system alternative

The existing confinement system is the preferred alternative. The safety-
system alternatives discussed in Section 4.4.1 would mitigate the potential con-
sequences from hypothetical reactor accidents, which have a very low estimated
probability of occurrence and associated risk. Based on benefit, cost, and
technical feasibility, the reference-case confinement system has &en identified
as tbe preferred safety-system alternative.

Of the six alternatives, including the reference case, only three were
found to be technically feaaible. Two of these feasible systems were associated
with very large costs per person-rem averted, based on a postulated 3-percent
core-melt accident. Again, the existing system is the preferred safety-system
alternative.

As agreed in the Memorandum of Understanding between DOE and the State of
South Carolina of April 27, 1983 (Congressional Record, July 14, 1983, P.S1OOO),
DOE will, within the limits of classification, provide the State a discussion

paper describing the differences between SRP production reactors and commercial
power reactors and the reasons why a containment is neither feasible nor neces-
sary on the existing SRP production reactors.

4.5. 1.2 COO,lingTater alternative

The preferred cooling-water alternative of the Department of Energy is to

construct a 1000-acre lake before L-Reactor resumes operation, to redesign the
reactor outfall, and to operate L-Reactor in a way that assures a balanced bio-
logical community in the lake as specified in an NPDES permit to be issued by
the State of South Carolina.

The lake will require at least 3 to 5 years to establish and develop a

balanced biological community. Initially, L-Reactor will b operated to main-

tain 32.2°C or less in about 50 percent of the lake. Studies will ba conducted

to confirm the biological characteristics and the cooling effectiveness of the
lake. Following the results of these studies, L-Reactor operations will be

adjusted as necessary to assure the continued maintenance of a balanced bio-
logical community.

This alternative is discussed in Section 4.4.2.2.9; it is one of 33 alter-
natives analyzed in Section 4.4.2. Based on discussions with the South Carolina

Department of Health and Environmental Control, DOE has determined that
L-Reactor operation can be modified so the 1000-acre lake would comply with
South Carolina water-quality standards. Also, the Corps of Engineers has agreed

to construct the embankment to form the 1000-acre lake on a much faster sched-
ule. Because DOE has to restart L-Reactor operation as aeon as practicable to
produce the needed defense nuclear materials and because the schedule for con-

atructing such environmentally preferable alternatives aS a clOsed-cycle cOOling
tower cannot ba greatly improved (design, construction, and long-lead-time pro-
curement of special pumps), DOE decided to identify the 1000-acre lake as its
preferred cooling-water titivation alternative.
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addition to complying with the NPDES pemit, DOE:

Will comply with provisions of Section 404 of the Clean Water Act with
regard to the construction of the cooling lake, including the required
SCDHEC 401 certification.

Will prepare a predictive 316(a) demonstration.

Will complete a consultation process with the U.S. Fish and Wildlife
Service (FWS) on the Impacts of the preferred alternative.

Will, in accordance with FWS personnel, use the Habitat Evaluation Pro-

cedures (46 FR 7644) to determine further mitigation needs. Based on

this program, DOE will implement additional mitigation measures (depend-
ing on Congreaaional authorization and appropriations ).

Will perform an archeological survay, assessment, and data recovery, if
required, of the affected area not previously studied, as required by
the National Historic Preservation Act.

Will perform safety analyses of the design of the cooling lake.

4.5. 1.2.1 Description

The 1000-acre lake would be about 1200 meters wide at its widest point,
would average approximately 600 meters wide, and would extend about 7000 meters
along the Steel Creek valley from the embankment to just byond Road.B (Figure
4-44). The normal pool elevation of the lake would be 58 meters above mean sea
level (MSL); the present elevation of Steel Creek at the dam site is 35 meters.
The storage VOIUIUS at the normal pool elevation would be about 31 million cubic
meters.

The embankmnt for the 1000-acre lake would be at the same location as that
for either the 500- or the 1300-acre lake. Figure 4-45 shows the relationships
between these lake designs. The embankmnt would be approximately 800 meters
upstream from the Seaboard Coast Line Railroad Bridge across Steel Creek or 1700
meters upstream from Road A. It would be 1200 meters long at the crest (Figure
4-46). The main embankment would be a maximum of about 26 meters high, 12
meters wide at the top, and 200 meters wide at the base. The elevation at tbe
top of the embankment would be 61 meters above mean sea level to allow 3 meters
freeboard for flood pool, wave action, and earthquake settlement.

An outlet structure with gatea would control the discharge from the lake to
a conduit running 220 ‘meters under the embankment. This conduit would discharge
into a stilling baain to reduce the velocity before the water is released into
Steel Creek (Figure 4-47).

4.5. 1.2.2 Lake temperatures

L-Reactor would be operated at the highest allowed power level consistent
with the n!aintena”ce of the balanced biological community in the lake, as spe-
cified in the NPDES permit that is expected to be issued by the State of South
Carolina. Initially, L-Reactor would be operated to ~intain 32.2°c or less in
about 50 percent of the lake.
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Hourly meteorological data for the years 1953 through 1982 and the cooling-
lake thermal performance model described in Section L.2.2.1 was used in an
iterative fashion to determine reactor power levels that would be required to
meet the temperature criterion. The resulting average reactor power reduction

was approximately 7 percent.

The heated water would be discharged into the lake through a specially de-
signed outfall canal ; it would spread over the cooler water present in the lake,
enhancing the cooling efficiency (Section L.2.4.4). The surface layer would
tend to exist throughout most of the lake d“e to the relatively small advective
transport of the discharge, the depth of the lake, and the large temperature
differen~ (between the influent and the effluent ) within the lake. In addi-
tion, the discharge into the lake would be accomplished such that ndxing of the
discharge and resident lake water would be kept low (a desirable condition to
maxitize the heat flux through the water surface ). Based on observations in Par
Pond, as well as theoretical considerations, the surfacs layer in the L-Reactor
cooling lake is expected to k about 1.5 meters thick. This layer would be
vertically well mixed due to wind-induced turbulence. A cooler sublayer would
exist bneath the surface layer. This layer would & fed by lake water return-
ing from the cold end to satisfy the continuity requirements of discharge tixing
and lake withdrawal. Accordingly, the temperatures in the deeper portions of
the lake would approximate the cold end temperatures. That is, the colder sub-

layer temperature would range between approximately 17” and 31“C throughout the
year (although some winter temperatures tight be as low ss 14”c, as inferred
from the 30-year data bse and thermal mdeling).

Thermal nudeling was also performed to calculate the percentage of the lake

surface area having a given temperature for each season of the year. Water in

the coldest 50 percent of the lake area is expected to exhibit temperatures that
range from about 14°C to 23°c in the winter and from about 31°C to 32°c in the
summer. Figure 4-48 shows the estimted summer isotherms in the surface layer

of the 1000-acre lake. The shaded zone represents the area of the lake’s sur-
face that will be blow 32.2”C.

4.5.1 .2.3 Lake operation

During construction of the embankment , streamflow would be carried through
the work area in a tempora~ metal conduit laid parallel to the outlet works

conduit. An upetream cofferdam, with a crest at elevation 43 meters above mean

sea level, would divert the water into the metal conduit and protect the work
site. A low downstream cofferdam would protect the site from rising tailwater.

This diversion configuration would provide protection from a storm with a re-
currence interval of ktween 25 and 50 years.

Following completion of the reconfigured discharge canal, outlet works, a“d

embankment, the outlet gates would be closed and the Pool elevation of the lake
would be allowed to rise to the design elevation of 58 meters above man sea
level. Assuming a constant inflow of about 11 cubic meters per second of

Savannah River water from L-Reactor, 0.45 cubic meter per second from P-Reactor,

and 0.62 cubic meter per second Steel Creek base flow, approximately 30 days
would be required to fill the lake. As impoundment of the lake occurred, the

response of the embankment would be monitored to verify design. Flow would be

maintained down Steel Creek bslow the embankment during filling. Lake filling

would be completed before startup of L-Reactor.
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Cooling-water and lake discharge flows, typically entering the outlet works
at a depth of 2 to 4 meters below the lake surface, would be managed to maintain
a balanced biological community i“ the lake a“d in Steel Creek a“d swamp. Reac-
tor cooling-water flow variations and lake discharge management would restrict
water level fluctuations to assure a healthy aquatic macro phyte population in

the lake. The development of shoreline refuge areas would also enhance this
macrophyte population, which would provide the necessary habitat for growth and
reproduction of certain fish and macroinvertebrates necessary to maintain a
balanced biological community (see Section L.4. 1.1.2).

Downstream flows would be maintained constant throughout reactor operating
periods, except during periods of extreme rainfall. During short reactor out-
ages occurring within the spring spawning period, the flow at Road A would be
controlled to about 3 cubic meters per second, thereby maintaining good spawning

habitat. The remainder of the year, flow in Steel Creek at Road A during shut-
down periods would be maintained at about 1.5 cubic meters per second, providing

OPPOrtunitie S for fish to move freely from the base of the embankment to the
Savannah River swamp.

If long reactor outages should occur during the spawning period, flow would
be maintained at ‘a rate of about 3 cubic meters per second. For long outages at

other times, only base flow conditions would occur in Steel Creek.

4.5. 1.2.4 Relocation of existing facilities

The construction of the 1000-acre lake would require the relocation of a
115-kilovolt electric transmission line belonging to the South Carolina Electric
and Gas Company (SCE6G) and two 115-kilovolt electric transmission lines and
buried supervisor control and relay cable lines that serve the L- and P-Areas.
me SCE6G line could be raised from existing wooden poles onto two new tall
towers in its present alignment. However, the two SRP lines would have to be

rerouted around the lake because of the buried cable and the width of the lake
at those points. Also, two new SCE&G transmission lines presently being de-
signed by that company would be constructed such that they would not interfere
with the 1000-acre lake.

Road A-14 would be abandoned wherever it would become inundated by tbe
lake. The access road across the embankment would begin at Road A west of the
lake and be extended northeast from the east end of the embankment along a ridge
to connect with Road A-14 east of the lake. ‘fhisroad would parallel one of the
relocated SRP transmission and buried cable lines. Approximately 600 meters of

Road B and 100 meters of Road C would be raised a maximum of 3 meters on their
existing roadbeds at their intersection.

4.5.1.3 Disassembly-basin water purge

me use of the L-Reactor seepage basin is the preferred alternative. As
noted in Section 4.4.3, deionized and filtered purge water from the disassembly

basin can be disposed of by discharge to the L-Reactor seepage basin, by evapo-
ration, or by direct discharge to Steel Creek. Another alternative would be to

detritlate the moderator (Section 4.4.5). On the bases of person-rem avoided

and of the cost per person-rem avoided, the use of the L-Reactor seepage basin
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is the preferred alternative for the disposal of disassembly purge water. DOE

will continue to study and evaluate moderator detritiation.

me use of the L-Reactor seepage basin would result in eventual discharges
to the cooling lake, not Steel Creek. The use of the cooling lake is expected

to increase the ground-water travel time from about 18 years (direct discharge)
to about 21 years. The radiological effects from the discharge of radionu-

clides, principally tritium (Table 4-11), from the seepage basin to the cooling

lake are listed in Table 4-61 and in Section 4.4.6.2.

In accordance with the DOE and State of South Carolina Memorandum of Under-
standing of April 27, 1983, DOE will, on a continuing basis, provide the State

with data showing its compliance with EPA radionuclide standards, and will con-
tinue an expanded program of monitoring and study of ground-water impacts at
SRP. Sections 6.1.6 and F.6 describe DOE’s commitments on SRP ground-water pro-
tection, the evaluation of seepage-basin use on a sitewide base, and a separate
NEPA review of the SRP ground-water protection plan.

4.5.1.4 186-Basin sludge disposal

Batch discharge to the 1000-acre lake is the preferred alternative. Sec-
tion 4.4.4 evaluates several methods for the disposal of sediment that settles
from Savannah River water as it passes through the 186-Basin at L-Reactor.
Methods considered included batch discharge (the reference case), land applica-
tion, borrow-pit application, and continuous sediment suspension. Batch dis-

charge is the preferred 186-Basin sludge disposal alternative on the basis of
cost. It has been used in the past at L-Area and is currently being used at the

other operating reactor sites. DOE will continue to study this method, in ac-
cordance with the December 15, 1983, NPDES permit issued by the State of South
Carolina. During the batch discharge of settled sediment at L–Reactor and other
reactor sites, composite samples of the effluent would be measured daily for
total suspended sediment concentrations; the results of these measurements would
be reported to SCDHEC in early 1985.

In combination with the preferred cooling-water alternative, some suspended
sediment from the batch discharge of 186-Basin sludge would settle out and de-
posit on the bottom of the cooling lake. This deposition is expected to be a
small fraction of the sediment that would be deposited in the basin from the
stream flow above L-Reactor and from suspended material carried in the cooling
water after it has passed through the 186-Basin and reactor heat exchangers.
Siltation from these sources is “ot expected to have appreciable effects on the
performance of the cooling lake.

4.5.2 Impacts due to construction and mitigation

This section characterizes the expected effects due to

1000-acre lake. No construction activities are required by
alternatives.

construction of the

the other preferred
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Table 4-61. Expected averageanrual liquid radioactivereleasesfran L-Reactorwe ration

(curiesper year)

1styearof operation lGthyearof operation
To 10 To 1000-acre Tota2to To 10 To 1000-Ere Totalto

1000-acre seepage lakefr.an 100&acre 100C-acre =va~ lakefron 100&acre
R6diomclide lake basin pmnd wate+ lake lake basin grand wate# lake

H-3
P-32
s-35
Cr-51
CO-58,60
sr-e9
Sr-50
Y-Y
Zr-95
RU-106
Sb-125
1-131
Cs-134
Cs-137
Ce-144
Pm-147

Unidentifi~
beta-gammd

Unidentified
alphae

3.6X 102
-.
--
_-

4.5x 10-2
--

1.6x 10-4
--
.-

--

_-

4.1x 10-4

_-

1.1 x 10-1

2.0x 10-5

C1.1x 103 .- 3.6X 102
1.2x 10-3 _- --

9.5x 10-3 -- --

1.8X 10-1 -- --

3.7x 10-4 _- 4.5x 10-2
7.0x 10-5 -- --

2.0x 10-4 _- 1.6X 10-4
5.1x 10-3 _- _-

1.1x 10-2 -- --

3.4x 10-4 -- --

8.0X 10-3 -- --

6.9X 10-3 -- _-

5.1x 10-3 -- --

4.4x 10-2 -- 4.1x 10-4
1.9x 10-2 -- _-

2.8X 10-3 -- --

8.9x 10-2 -- 1.1x 10-1

3.2X 10-4 -- 2.0x 10-5

3.6X 103
--
--
--

4.5 x 10-2
_-

1.6X 10-4
--
--
_-
_-
--
--

4.1 x 10-4
--
--

1.1 x 10-1

2.0 x 10-5

C1.1x 104
1.2x 10-3
9.5x 10-3
1.8x 10-1
3.7 x 10-4
7.0x 10-5
2.0 x 10-4
5.1x 10-3
1.1x 10-2
3.4x 10-~
8.ox 10-3
6.9X 10-3
5.1x 10-3
4.4 x 10-2
1.9x 10-2
2.8X 10-3

8.9x 10-2

3.2x 10-4

6.0X 103
--

2.9X 10-8
--

2.1x 10-~
--
--
--
--

7.7x 10-5
2.6X 10-3

--
--
-.

3.8X 10-4
8.8 x 10-4

--

--

9.6x 103
--

2.9X 10-8
--

4.5x 10-2
--

1.6x 10-4
--
--

1.7x 10-5

2.6X 10-3
--
--

4.1x 10-4
3.8X 10-4
8.8x 10-4

!.1x 10-1

2.0x 10-5

aOutcrcp activitieswillnot occurduring tk first4 yearsof reactorqeration; see Tabk B-19ani
SectionF.2.1O.

boutcropactivitiesafter15 yearsof L-Reactor~eration. Oue to 10Y tramporttiws in grwnd water,
strontium-90,cesium-134,cesium-137,andplutonium-239do not reachcutcrcpin tk 15-yearperiod.

Clhirty p3rmnt of this tritiumis expectedto evaporate.

‘Assuredto be strontium-90.

‘Assured to b plutonium-239.



4.5.2.1 Socioeconomic and land use

For the preferred alternative, an additional 550 temporary construction
workers would be required for the earth moving and dam building necessary to
construct the 1000-acre lake. This estimate is bssed on a comparison with

similar projects and on the aaaumption that a normal construction schedule would

be followed. Minor impacts to local communities and services could be expected

from immigrating workers; economic benefits are expected to be minor in com-
parison to those caused by the L-Reactor and the total SRP operating work force.

The total economic bnefit of the L-Reactor restart using the reference
case is 400 direct and indirect job opportunities, about $25 million in direct

and indirect annual income and payroll, and $3 million in direct annual expendi-
tures on materials and services. The preferred cooling water alternative case
would increase these benefits in the short term during embankment construction.

The 1000-acre cooling lake would be entirely within the present SRP area
boundaries. Land use within the SRP area would be altered, im that lI)OrJ~cres

would b inundated to become a cooling lake and the previous land uses as forest
land and bottom land would be interrupted. The 1000 acres would include 225
acres of wetlands in the Steel Creek Corridor and 775 acres of uplands. Timber
of commercial value would be harvested and removed from the site in accordance
with SRP Forest Management Program. An additional area (about 133 acres) would
b cleared for road and utility access relocation.

The timber which would bs harvested consists of pine saw timber, pine pulp
wood, hardwood saw timber, and hardwood pulp wood. The timber value and annual
growth are summarized in Table 4-62. The anticipated value from harvesting the
timber is $950,000. The annual loss in timber productivity is projected to &
$44,000. This impact is not amenable to mitigation.

Table 4-62. Timber value and annual growth

Present vOlume/value Annual growth
Volume Value Volum Value

Type of timber (1000 board feet) Cords ($1000) (%) ($1000)

Pine, saw timber 5058 -. 715 4 28

Pine, pulp wood -- 4326 102 8 12

Hardwood, saw timber 2550 -- 128 3 4

Hardwood, pulp wood .- 3384 5 6 .3

Totals -- -- 950 -- 44
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4.5.2.2 Relocation of existing facilities

SCE6G would design and relocate its own transmission lines . The design
and construction of the relocation of the SRP roads and transmission and con-
trol cable lines would be performed by the Du Pent Engineering Department . The
U.S. Forest Service would administer all clearing for these relocations as well
as clearing for the lake area.

4.5.2.3 Site prepsration

Clearin~

All areas upstream from the embankment and less than 58 meters above man
sea level would k cleared of second growth pine and hardwood to provide for the
1000-acre lake area. All marketable timber from this area and from the road and
tranamisaion corridors would be cut, removed, and sold under the supervision of
the Foreat Service. Timber and vegetation in any area flooded by Steel Creek
waters since 1954 might contain low-level radioactivity and would not b market -

able. Procedures for the removal and disposition of such material would be de-
veloped and approved before construction started. Underbrush and scrap, except
from timber cutting outside the area flooded by Steel Creek since 1954 except
around some of the shoreline area would be piled and burned. Stumps would be

removed under all embankment areaa but not from the area within the lake.

Foundation preparation

Areas to be covered by the embankmnt, inlet and outlet works, or roadwaya
would bs grubbed and stumps would b removed and burned. All topsoil would be

atripped and stockpiled for uae on the finished grade for turf establishment.
It tight ba necessary to excavate unconsolidated sediments from the area under

the dam to a depth of bstween 3 and 15 meters to expose a tight clay formtion
to which the embankment could be sealed. Approximately 600,000 cubic meters of

unsuitable material could bs removed from the embankment site bafore 1.2 million
cubic meters of borrow fill and rip-rap would be placed to form the embankment.
Spoil from the surface portion of the embankmnt foundation in the Steel Creek
floodplain, estimated to contain a total of 0.2 curie of cesium-137 and 0.02
curie of cobalt-60, would be separated,, contained, replaced outside the juris-
dictional wetlands upstream of the embankment, and covered with subsurface spoil
to prevent erosion during the construction period. This relocation would have

no effect on net ceafum tranaport estimatea. All other material would ba

removed and used for backfill in the borrow areaa.

Abandoned well survey and sealing

Research ia currently underway to determine how mny wells were con-
structed within the lake area before tivemment acquisition of the SRP ProP-
erty. All of these WS1lS would be sealed before the lake bgina filling to
reduce the chance of affecting grOund+ater quality.

In March 1984, a survey team from the Furman University Department of
Geology performed a field survey Of this pOrtiOn Of the steel Creek watershed.
Twenty old possible well sites were identified in this area, 11 of which were
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found to lie within the boundaries of the 1000-acre lake. The sites vary from

shallow open depressions to deep cased and screened wells. Several of these

might be grave sites or archeological sites rather than wells.

Each site identified, as well as any others drilled or located during con-

struction of the 1000-acre lake , would be sealed by filling from bottom to top

with sand-cement or concrete in accordance with the South Carolina Primary
Drinking Water Regulations, Section R 61-58.2 C (14), “’Permanent Well and Test

Hole Abandonment. ” All information relative to aach site (e.g., exact plant

coordinate location, depth, diameter) would be recorded and submitted to SCDHEC.

4.5.2.4 Embankment construction

The construction of the earthen embantient and water diversion system for
the lake would cause some temporary increases in suspended solids in Steel
Creek. Suitable precautions would be taken (1) during the construction opera-
tions necessary to establish a foundation for the embanlanent, and (2) during

emplacement of the fill to ensure that undue silt and debris loads do not move
downstream from the construction site. Turbidity screens could tninitize impacts

to downstream areas.

Enrrow pits for similar quantities of suitable materials have been identi-
fied in the past for construction at the Savannah Wver Plant, and have been

controlled in an environmentally acceptable manner. About 90 percent of the
fill material for the embankment would probably come from a borrow pit that
would be submerged when the lake is fillad (Section L.2.4.7). A second potan-

tial borrow site would not be inundated. A small volume of material might he
taken from this location, which would result in the loss of about 5 acres of
upland habitat.

The number and routing of access roads for construction have been care-
fully considered to minimize adverse envf ronmental impacts. An estimated 33
acres of upland habitat outside tha area to be inundated would be altered by

the construction of access roads. me reconstruction of existing roads would
not result in the alteration of any uplands because they would utilize the
existing roadbed. me rerouting of powerline and buried cable rights-of-way
would cause the loss of an additional 100 acres of upland habitat.

Spoil piles of the size expected for this alternative have been developed
for paat construction activities at the Savannah River Plant and have met the
necessary environmental control requirements. Spoil from any excavation in the
former floodplain of Steel Creek would be monitored for radioactive materiala;
any spoil containing radioactivity would be disposed of as discussed in Section
L.2.4.2.2.

4.5.2.5 Ecology

There would be two principal aourcea of potential impact to the ecology of

the area: (1) the conatr”ction of the embankment and associated appurtenances,
and (2) the inundation by the lake.
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The filling of the cooling lake would inundate bstween 225 acres of wet-
landa and 775 acres of uplanda in the Steel Creek corridor. The vegetation in

TC

this area consists primarily of forested (73 percent) and scrub-shrub (24 per-
cent ). The wetland areas are classified as Resource Category 2 by the U.S. Fish

and Wildlife Service. Tbia category and its designation criteria include “high
value for evaluation species and scarce or becoming scarce.’” The mitigation
planning goal specifies that there bc “no net loss of inkind habitat value”
(USDOI, 1981).

4.5.2.6 Water quality

The potential impacts to water quality from construction would be erosion

and,,,sedimentation; these potential impacts would be mitigated as described in
Section 4.5.2.9.

4.5.2.7 Air quality and noise

About 400 to 550 acres of upland foreet would ba cleared. Trees of commer-

cial value would be harvested and removed from the site in accordance with the
SRF Forest Management Program. Open burning would be employed for disposal of
forest slash cleared from the site. Clearing and burning would progress in

reasonably sized units of a few acres to minimize local dust and smoke. The
nearest roadways to the lake would W SRP Road B (less than 30 meters) and High-
way 125 (1 kilometer). Traffic could bc rerouted from Road B if necessary dur-

ing the burning of slash material. Because of its distance from the construc-
tion site, Highway 125 would not be affected. Burning would result in sow

releases of particulate and gases into the atmosphere, but releases would be
local and generally short-lived. Offsite effects are not expected since the
nearest location to the SRP site boundary from the lake would be approximately
8 kilometers.

Not all the lake would be grubbed and burned. About 200 acres of lake

bottom near the shoreline would be maintained with the stumps in place as
habitat for aquatic organisms. Other burnable slash might alao bs used to con-

struct submerged habitat attraction structures, thus reducing the need to burn
all material at the site. Temporary construction roads, laydown areas, and

spoil areas would be graded, grassed, wetted, or sprayed with tackifiers as
needed to reduce local dust. As much as possible, the roads would bc designed

to become permanent access roads when the project was completed, thus reducing
the impacts of temporary haul roads.

The cooling lake construction site is in a forest area that is relatively

remete from human habitation. Noise from construction, primarily from tree-

cutting and earth-moving equipment, would have insignificant offsite environ-
mental effects because of the remoteness of the cite and the muffling effect of
intervening forests. Members of the public using SC Highway 125 would not be in

the immediate vicinity of noisy equipment and would have only brief exposure.
Effects of this exposure would & insignificant. Noise levels from lake-site

construction in nearby L-Area, the nearest occupied onsite facility, are ex-
pected to be well within clearly acceptable standards (62 decibels). Operators
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Of noisy construction equipment wOuld wear protective equip~nt in accordance
with DU Pent standards (where applicable) and OSHA regulations. Most other

workers in the area would be exposed tO high noise levels OIIIY intermittently,

but protective equipment wOuld be prOvided when the expOsure cOuld bS expected
to bs sustained. No impulsive or impact noises in excess of acceptable stati-

ards would b expected.

4.5.2.8 Historic/archeological

Four historic aitea and one prehistoric site in the Steel Creek terrace
and floodplain system (Figure 3–3) have been determined to be eligible for in-
clusion in the National Register of Historic Places. No direct impacta are

expected to the prehistoric site or to three of the historic sites bscause they
would be below the embankment and outside the area affected by high-water flow
condi tf.ona. One historic site area would be inundated when the lake was
filled. These impacts would be mitf.gated as described in Section 4.5.2.9.

In March 1984, an intensive survey of the proposed excavation areas (em-
bankmnt and borrow pit areaa ) was made (Brooks, 1984). ‘fhls survey identified
aeven sites described as of ephemeral quality and not eligible for nomination to
the National Register of Historic Placea.

Archeological surveying and testing are presently being conducted in the
proposed lake area by the University of South Carolina Institute of Archeology
and Anthropology. It is anticipated that several sites associated with the
Ashley Plantation would be affected. As of May 7, 1984, two potentially sig-

nificant sites had been identified. DOE is developing data recovery plans and
continuing the consultation process with SHPO and ACHP. The schedule for com-
pletion of the requirements under the National Historic Preservat ion Act, in-
cluding data recovery, is consistent with the construction schedule for the
embankment, and all mitigation would be completed prior to restart (Hanaon,
1984). The study results, determination of the eligibility of potential sites,
and the development of a mitigation plan are bsing coordinated with the SHPO and
ACHP .

4.5.2.9 Construction impact mitigation

Historic/archeological site mitigation

A monitoring and mitigation plan has been developed to ensure the preserva-
tion of the resources at the four sites below the dam, and the plan has bsen

apprOved by the South Carolina State Historic Preservation Officer (SHPO) (D”
Pent, 1983).

A resource recovery plan has bse” developed by the University of South
Carolina Inatit”te of Archeology and Anthropology for the one historic site
(38 BR 288) located within the ~ro~oaed lake area. This micieation ulan has
been approved by the SHPO and the idvisory Council on Histori~ Preae~vation

(ACHP) (Lee, 1982), which concurred that this mitigation plan would result in
I

no adverae impacta to National Register properties.
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Ecological mitigation

The Department of Energy is working with the Department of the Interior to
perform a Habitat Evaluation Procedure (HEP) . The HEP will identify the value

of habitat to be gained or lost with implementation of the preferred cooling-
water mitigation alternative for use in assessing further mitigation. If re-

quired, DOE will implement additional mitigative masures that might b iden-
tified through the HEP process, dependent on Congressional authorization and
appropriation.

The endangered wood stork “forages at the Savannah River Plant but does not
breed on the site . The feeding individuals have been observed to be from the
Birdsville Rookery, some 50 kilometers away. Feeding occurs in the swamp away

from the proposed lake; it could be affected by raised water levels of the Steel
Creek delta if the L-Reactor cooling~ater flow is discharged through tbe pro-
posed lake. DOE initiated informal consultation with the Fish and Wildlife

Service (FWS) in July 1983 and in March 1984 as required by Section 7 of the
Endangered Species Act. DOE has also initiated the formal consultation process

by providing a Biological Assessment to FWS for a Biological Opinion (Sires,
1984a). While DOE concludes that the operation of L-Reactor would affect for-
aging habitat near the Steel Creek delta, the construction activities associated

with Phase II of the NPDES permit to control the acidity of releases from the
400-area powerhouse ash basins would improve the quality of the foraging habitat
in the Beaver Dam Creek area, assuring the continued availability of this habi-
tat. Therefore , the loss of foraging habitat in the Steel Creek area would not

jeopardize the continued existence of the wood stork. Any additional mitigation
measures needed would be determined either as part of the HEP study or as part
of this consultation process.

Water-quality mitigation

The lake construction activity would include an Environmental Protection
Plan, which would include several masures designed to mitigate water-quality

impacts.

Earthwork brought to final grade would be protected as soon as practi-

cable . All earthwork would be planned and conducted to mfnimize the duration
of exposure of unprotected soils. Except in instances where the constructed

feature obscures borrow areas and waste material areas , these areas would not
initially be cleared in total. Clearing of such areas would progress in reason-

ably sized increments as needed.

Such mthods as necessary would be utilized to effectively prevent erosion

and control sedfmentation, including but not limited to the following:

1. Retardation and control of runoff. Runoff from the construction site

would b controlled by construction of diversion ditches , benches , and
berms to retard and divert runoff to protected drainage courses.

2. Sediment basins. Sediment from construction areas would be trapped

in temporary or permanent sediment basins in accordance with design
plans. The basins would accommodate the runoff of anticipated storms.
After each storm the basins would be pumped dry and accumulated sedi-
ment would be removed as necessary to maintain basin effectiveness .
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Overflow would be controlled by paved weir or by vertical overflow
pipe, draining from the surface. The collected topsoil sediment would

be reused for fill on the construction site, and/or conserved (~tock-
piled) for use elsewhere. Effluent quality monitoring programs would

be required.

Temporary erosion and sediment control measures such as berms, dikes,
drains, sedimentation basins, grassing, and mulching would be used until per-
manent drainage and erosion control facilities were complete and operative.

Borrow areas and spoil-storage areas would be managed to minimize erosion
and to prevent sediment from entering nearby water courses or lakes. Temporary
excavations and embankments for work areas would be controlled to protect adja-
cent areas from despoilment .

Solid wastes (excluding clearing debris ) would be placed in containers
which would be emptied on a regular schedule. All handling and disposal would
be conducted to prevent contamination. Chemical waste would be stored in
corrosion-resistant containers , removed from the work area, a“d disposed of
in accordance with Federal, State and local regulations.

Construction activities would be kept under surveillance, management , and
control to avoid pollution of surface and ground waters. The following special
management techniques would be implemented to control water pollution: (1)
wastewaters derived from construction activities would not be allowed to leave

the site; these wastewaters would be collected in retention ponds where sus-
pended material could be settled out or the water evaporated so pollutants would
be separated from the water; (2) the operation would be planned to minimize ad-
verse impacts of dewatering, re”o”al of cofferdams, a“d ~xcavatio”, and to limit

the impact of water turbidity on the habitat for wildlife and impacts on water
quality for downstream use; (3) stream crossings would be controlled during CCI”-
struction; crossings would provide for movement of materials or equipment ~hi~h
do not violate water pollution control standards of the Federal, State, or lCICal
government; (4) all water areas affected by construction activities would be
monitored; (5) construction activities would be kept under surveillance, man-
agement , and control to minimize interference with, disturbance to, and damage
of fish and wildlife.

Air emissions and noise control

The construction Environmental Protection Plan would also require measures
to mitigate air emissions and noise. Construction activities would be kept
under surveillance, management, and control to minimize pollution of air re-
sources. All activities, equipment , processes , and work performed would be in
strict accordance with applicable requirements.

me
trol air

1.

following special management techniques would be implemented to con-
pollution by the construction activities :

Oust particles, aerosols, and gaseous byproducts from all construction

activities, processing and preparation of materials would be controlled
at all times, including weekends, holidays , and hours when work is “ot
in progress.
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2. Particulate that could cause the air pollution standards to be ex-

ceeded or that could cause a hazard or a nuisance would be controlled
at all excavations , stockpiles , haul roads , permanent and temporary
access roads, plant sites, spoil areas, borrow areas, and all other
work areas within or outside the project kundaries . Sprinkling, chem-
ical treatment of an approved type, light bituminous treatment, or
other mthods would be utilized to control particulate in the work
area. Sprinkling would be repeated at such intervals as to keep the

disturbed area damp. Particulate control would & performed as the
work proceeded and whenever a particulate nuisance or hazard occurred.

3. Hydrocarbons and carbon monoxide emissions from equipment would be con-
trolled to Federal and State allowable limits at all times .

4. Odors would be controlled at all times for all construction activi-
ties, processing and preparation of materials.

5. Air at all areas affected by

monitored.

Construction activities would bs
tinimize damage to the environment by
to control noise emitted by equipment
District Safety Manual (COE, Savannah

4.5.3 Nonradiological impacts due to

the construction activities would be

kept under surveillance and control to
noise. Methods and devices would be used
to the levels shown in the COE, Savannah
District, 1981a).

normal L-Reactor operation

This section characterizes the expected nonradiological and radiological
effects due to the normal operation of L-Reactor with the system of preferred
mitigation alternatives. Nonradiological effects include those that might re-

sult from changes in land use, an increased workforce, the withdrawal and dis-
charge of cooling water, the discharge of liquid and atmospheric chemical ef-
fluents, and the disposal of solid nonradioactive wastes. Radiological effects
include those that might result from airborne and liquid radionuclide releases,

the disposal of radioactive wastes, and
cesium and cobalt-60 in Steel Creek.

the resuspension and transport of radio-

4.5.3.1 Land use and socioeconomic

The resumption of L-Reactor operation with the preferred alternatives is
not expected to produce any additional land-use impacts. Operational employment

for L-Reactor, which began in 1981, peaked at about 400 employees in mid-1983
and is expected to decrease to 350 by tid-1984, or about 4 percent of the cur-
rent workforce at the Savannah River Plant (W Pent, 1982b). Essentially all
the operating workforce for L-Reactor has been hired and resides in the SRP
area; therefore, no additional impacts are expected to local communities and
services due to in-migrating workers.
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L-Reactor operation is expected to have annual total local expenditures on
materials and services of approximately $3 million and a total payroll and over-
head expenditure of about $21 million. These expenditures are expected to re-

sult in the creation of about 50 regional job opportunities. In addition, these

expected expenditures are anticipated to produce an additional direct and in-
direct incom of another $3 million. The total economic benefit to the SRP

region during L-Reactor operation would amount to at least 400 direct and in-
direct job opportunities, about $25 million in direct and indirect annual income
and payroll, and $3 million in direct annual expenditures on mterials and

services.

These contributions to the local economy would help pay for public services
directly through income, property, and license taxes and user fees and help in-
directly through sales taxes on goods and services . The benef its provided by
the project would help offset the small increase in demands for local services
that it generates.

A supplement to the approved mitigation plan protecting the four historic
and one prehistoric sites shown in Figure 3-3 will be developed by DOE and sub-
mitted to the SHPO and ACHP for approval. This supplement would protect new

sites eligible for nomination to the National bgister of Historic Places .

4.5.3.2 Surface-water usage

With the 1000-acre once-through cooling lake , L-Reactor operation would
withdraw about 11 cubic meters of water per second from tbe Savannah River.
This would be less than 4 percent of the average flow and 7 percent of the
7-day, 10-year low flow of 295 and 159 cubic meters per second, respectively.
Because little L-Reactor cooling water would be consumed, essentially all water
withdrawn from the river would be returned to the river after paasing through

the L-Reactor heat exchangers and the Steel Creek system. According to Neill
and Babcock (1971), the estimated consumptive water use by L-Reactor is expected

to be about 1.25 cubic meters per second.

Withdrawal of cooling water for L-Reactor operation would affect the
aquatic ecology of the Savannah River by (1) the entrainment in the cooling
water of aquatic orga”isma (predominantly fish eggs and larvae) smaller than the
screen mesh in the intake system, and (2) the impingement of aquatic organism
(primarily fish) on the intake screens . The impacts due to entrainment are es-
timated to be 7.7 x 106 additional fish eggs and 11.9 x 106 additional fish
larvae annually. The
(Section 4.1.1.2).

4.5.3.3 Ground water

impingement impact is estimated to b 16 fish per day

The withdrawal of ground water for L-Reactor would be about 0.94 cubic
meter per minute. The ground-water withdrawal from the Tuscaloosa is projected
to decrease when L-Reactor operation resumes (excluding incremental pumping in
support of L-Reactor ) compared to 1982 pumping; water levels are expected to
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rise as a new equilibrium piezometric surface is established at SRp and ~eigh-
boring areas. At Jackson and Talatha, water levels are projected to increase by
about 0.5 and 0.4 meter, respectively, if sitewide pumping decreases to 20.5
cubic meters per minute. However, pumping at L-Area would draw down the water
in the Tuscaloosa locally, and thereby reduce the upward head difference bet”een
the Tuscaloosa and Congaree to about 1.4 meters beneath the L-Reactor seepage
basin. The withdrawal of ground water from the Tuscaloosa will not affect water
levels in overlying aquifers because of the thick Ellen ton clay unit and the
basal Congaree clay. Important clay layers , principally the green clay, beneath
the L-Reactor seepage basin will tend to protect the Congaree and Tuscaloosa
Aquifers; any contaminants that might reach these aquifers would flow beneath
the SRP to the Savannah River in 76 to 250 years, respectively, and will not
affect offsite ground-water users (Section 4.1.1. 3).

Impounded water for a cooling lake would cause a local ground-water mound
in the water-table aquifer, which would tend to increase the travel time from
the L-Reactor seepage basin to seepline springs near the lake’s shore from about
18 years to 21 years. This effect of the lake would dissipate with depth and
would be expected to have a small effect on water levels in the McBean Forma-
tion. me green clay confining unit separates the McBean from the underlying
Congaree Formation. It would prevent the increased head associated with a
cooling lake from impacting the head differential between the Tuscaloosa and
Congaree Formations. It is also an important barrier to the migration of con-
taminants from near-surface to lower hydrostratigraphic units. In the Separa-

tions Areas and near the Central Shops, the green clay (about 2 to 3 meters
thick) supports a head difference of about 21 to 24 meters between the McBean
and Congaree Formations. Based on water samples obtained for tritium analysis

from the Congaree near the H-Area seepage basin, the green clay has effectively
protected the Congaree ground water from contamination seeping into the ground
(Marine, 1965). In the L-Area, the green clay is about 7 meters thick. At the
Par Pond pumphouse, along the strike of the McBean and Congaree Formations, the

green clay also supports a large head difference; the water pumped from the
Congaree Formation shows no evidence of tritium contamination, even though
tritlum concentrations in Par Pond were measured at 27,000 picocuries per liter.

Due to the sandy soil in the area of the natural saddle that would serve as

the emergency spillway (Figure 4-44), some seepage could occur from the 1000-
acre lake to Pen Branch. A cut-off wall would be constructed in this area if
seepage is a problem.

4.5.3.4 Thermal discharge

Thermal discharge from the reactor would flow into the 1000-acre lake at
temperatures of 73°C or less, depending on reactor power and river intake tem-

peratures. Reactor power, in turn, would be established by lake temperatures

and meteorological conditions. As noted in Section 4.5.1.2.2, L-Reactor would

be operated at the highest allowable power level consistent with the maintenance

of a balanced biological community, as specified in the NPDES permit expected to
be issued by SCDHEC. Initially, L-Reactor would operate to maintain 32.2°c or

less in about 50 percent of the lake. Isotherms calculated for summer condi-

tions and an average reactor power level of 108O megawatts are shown in Figure
4-47. Similar diagrams for the other seasons are presented in Appendix L. me
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expected composition of the balanced biological community is described in
Appendix L.

Table 4-63 lists the estimated temperatures in Steel Creek below the lake’s
discharge structures for summer, spring, and winter. Projected water tempera-
tures in the summer (5-day, worst-case) at the Steel Creek delta, mid-swamp and
the muth of Steel Creek would be within about 1“C of ambient. In the spring,

water temperatures at the Steel Creek delta would be 3°C above ambient. Water

temperatures would be near ambient at the muth of Steel Creek. These condi-

tions would not pose any adverse impacts to aquatic and semiaquatic biota. In
the winter, however, projected temperatures at Road A and points downstream
would be 7°C and 9°C above historical ambient. These warmer conditions could

concentrate fish at the muth of Steel Creek. Reactor shutdowns during the

winter would result in gradual heat loss in this area, which would minimize any
cold shock effects. This alternative would not adversely impact access to, and

the spawning of riverine and anadromous fishes in, the Savannah River swamp
below the Steel Creek delta.

Table 4-63. Temperatures (“C) downstream in Steel Creek

below the 1000-acre lake

Location Summe ra Springb Winterb

Discharge temperature 31 26 17
Road A 31 26 17
Swamp 31 25 15
Mid-swamp 30 22 13
Mouth of creek at river 30 22 13

aBased on worst 5-day meteorological conditions (July 11-15, 1980)
and estimated operating power of reactor. Five-day worst-case ~teoro-
logical conditions provide the basis for a conservatively high estimte of
discharge and downstream temperatures that are likely to result from the
implementation of a thermal mitigation alternative. The selection of
5-day worst-case wteorology is also based on a typical cycle of consecu-
tive meteorological conditions; it is considered to be representative of
extreme temperatures for which the maintenance of a balanced biological
community can be measured under Section 316(a) of the Federal Water Pollu-
tion Control Act.

bBa~ed on 30-Year average values for ~teorological condi tions and

actual power of an operating reactor.
cThe temperature entering Steel Creek from the lake.

There would be minimal impacts in Steel Creek below the embankment. How-
ever, the flow of discharge water would have adverse impacts on between 215 and
335 acres of wetlands in the Steel Creek delta and swamp. This area, which is
dominated by forested (45 percent ) and scrub-shrub (36 percent ) wetlands, pro-
vides foraging habitat for the endangered wood stork and American alligator.
These wetlands ala. represent important feeding and roosting habitat for as many
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as 1200 mallard and 400 wood duck. Impacta on the American alligator, mallard,
and wood duck are expected to be tinimal. A delta growth rate of about 1 to 2
acres per year is anticipated.

Of the 4800 breeding pairs of wood storks sighted in the United States in
1980, approximately 100 pairs were observed at the Birds vine Rooke~ near
Millen, Georgia. The Steel Creek delta area is one of the 50 foraging sites
used by the wood stork; in 1983, 100 wood storks were observed feeding in the
delta, which is an important foraging habitat (Meyers, 1984). Higher water
levels at the delta could potentially make this area less desirable as a forag-
ing habitat. The total elimination of the Steel Creek delta area as a foraging
habitat for the wood stork would represent the displacement of food required for
fledglings. As observed in 1983, when the delta area was not available for
foraging, the wood storks moved to other available foraging habitats; 1983 was a
successful year for the Birdsvine Rookery wood storks. The Department is going
through the consultation process with the U.S. Fish and Wildlife Service, as re-
quired by the Endangered Species Act (Sires, 1981). The biological opinion to
be issued by the Fish and Wildlife Service will indicate the needed mitigation
meaaures and should agree with DOE’s conclusion that the operation of L-Reactor
would not affect the continued existence of this species.

Thermal impacts on.the biota in the river would b minimal because water
temperatures would be very close to ambient at the point the discharge flow
enters the river. There would be a zone of passage for the movement of fish up
and down the river past the SRP site.

The embankment and cooling lake would prevent access by riverine and anad-
romous fish to about 100 acres of wetlands along Steel Creek above L-Reactor.
However, the only migratory fish in this reach of Steel Creek would be the
American eel. Also, access to Meyers Branch would not be affected by the

embankment.

Preliminary results of investigations in upper Steel Creek indicate that
the macroinvertebrate community is self-sustaining and therefore unlikely to
undergo significant changes as a result of the creation of the 1000-acre lake.
Sixteen species of fish have also been collected in this reach of Steel Creek

during two recent surveys. Most of the species are small fish that prefer
stream habitats. However, because all but one of the species collected has been

reported in thermal refugia (backwater or tributary stream areas) peripheral to
reactor effluent stream on SRP, it is anticipated that the fish populations in

uPPer Steel Creek would be capable of maintaining their present status in the
3- to 4-kilometer reach that would, when the reactor is operating, be isolated

above the cooling lake. There would, however, undoubtedly & shifts in patterns
of relative abundance. For example, the thermally tolerant mosquitofish would

probably increase in abundance, and those species that prefer or can utilize
lake habitats could thrive in the upper portions of the lake, where temperatures
would be moderated by the inflow from Steel Creek.
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4.5.3.5 Wastewater discharges

Liquid effluent discharges

With the preferred alternatives, liquid effluents to the Savannah River

would have chemical characteristics similar to those of the river and would,
therefore, produce no impacts.

Sanitary discharges

Sanitary wastewater would be chlorinated at a packaged treatment plant and
discharged through the L-Area wastewater sewer to Steel Creek. The sanitary

wastewater-t reatment plant is designed for a mximum flow of 132 cubic wters
per day. The treatment-plant size was selected to be adequate for the expected

operating work force. The discharge would met NPDES permit (Du Pent, 1981a)
requirements and would have not major impact on Steel Creek (Du Pent, 1982b).
Sewage sludge would be transported to an existing basin near the Central Shops.
Samples of sludge from similar treatment facilities indicate that it is not
hazardous (Du Pent, 1982b).

Cooling-water reservoir (186-Basin)

The 95-million-liter cooling-water processing basin (186-Basfn) would be
cleaned annually during periods of reactor shutdown to remove accumulated
solids . About 110 metric tons of the 5530 metric tons of suspended solids that
would enter the 186-Basin annually would be deposited in the basin. This sedi-
ment would be flushed to Steel Creek over a period of several days. During
flushing, the suspended solids concentrations in the effluent would be about 60
to 160 parts per mfllion. This annual operation has been performed mny times
at the other reactors with no evidence of detrimental impact. Most of the sus-
pended solids released from the 186-Basin would settle in the streambed before
reaching the swamp (Kiser, 1977; Geisy and Briese, 1978; DU pout, 1981a; Ruby et
al. , 1981). When L-Reactor discharges resume (at about 11 cubic inters per
second), the resuspension of some of this settled sediment could contribute a
small amount of mterial to the delta, which is expected to grow at a rate of
about 1 -to 2 acres per year with direct discharge.

During the flushing of the sediment from the basin, the concentratio~ of
total suspended solids would be mnitored and reported to SCDHEC in accordance
with the NPDES permit.

4.5.3.6 Atmospheric releases

Nonradiological pollutants emitted into the atmosphere aa a direct result
of the operation of L-Reactor “ould come primarily frOm the K-Area coal-fired
steam plant and the diesel generators at the L-Area. The steam demands for
L-Reactor would require an additional 6400 metric tons of coal to be burned
annually at the K-Area steam plant. Emissions of particulate, sulfur oxides,
nitrogen oxides, carbon mnoxide, and volatile organic compounds from the steam
plant would increase 15 percent, as illustrated In Table 4-7.
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Fourteen emergency diesel generators are located in L-Area; six would oper-
ate continuously. The estimated annual diesel fuel consumption rate would be
940 cubic ~ters for all generators. The emissions from these generators are
listed in Table 4-7.

The operation of the L-Reactor would not violate any ambient air quality
standard.

4.5.3.7 Solid wastes

Solid nonradioactive wastes generated by the resumption of L-Reactor opera-
tion would consist of trash and sanitary waste sludge. Trash would be generated

at a rate comparable to those experienced by other SRP reactors; it would be
disposed of in the SRP sanitary landfill. This landfill will be expanded from
about 0.04 to 0.13 square kilometer. This expansion, which will occur in any
event, ensures an adequate capacity for SRP operation, including L-Reactor, for
many years (Du Pent, 1982b). Ten wells monitor the effluent from the landfill
to tbe ground water of the McBean Formation. Quarterly analyses of water from
these wells have shown little impact on the McBean ground water.

Periodically, treated sludge would be pumped from the sanitary waste treat-

mnt plant sludge holding tank to a mobile tank and transported to the sludge
pit near the Central Shops area. Approximately 48,000 liters (50 percent water)

of the sludge from L-Area would be disposed of in the sludge pit annually. No
impact is expected on the operation of the sludge pit.

4.5.3.8 Noise

During the normal operation of L-Reactor with the preferred alternatives,

any noise external to buildings would be associated primrily with the movement
of rotor vehicles; it would be undetectable at the nearest offsite residence,
about

4.5.4

10 kilometers away.

Radiological impacts of normal L-Reactor operation

4.5.4.1 Atmospheric releases of radioactivity

Table 4-64 lists the atmospheric releases from L-Reactor operation with the

reference case system. For the preferred alternatives, tritium, which otherwise

would be discharged to Steel Creek from L-Reactor (directly or via a ground-
water path from the L-Reactor seepage basin), would be released to the cooling
lake. Evaporation and molecular exchange are expected to increase the releases

to the atmosphere and thus, decrease liquid releases to the Savannah River.
Tritium releases to the atmosphere are expected to increase by about 1 percent
on the first year and about 3 percent in the tenth year in relation to those
from the reference case, direct discharge.
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Table 4-64. Expected annual atmospheric releasea

from L-Reactor operation
(curies per year)

lst-year 10th-year

Radionuclide operation operation

H-3b 5,540 56,500
C-14 12 12
AT-4 1 19,500 19,500
Kr-85rn 600 600
Kr-87 540 540
Kr-88 790 790
1-131 0.00414 0.00414
Xe-133 1,700 1,700
Xe-135 1,400 1,400
Unidentified

beta-gammc 0.0002 0.0002
Unidentified

alphad 0.000001 0.000001

aThe expected annual average concentrations
at the SKY site boundary would b well within the
DOE concentration guides for uncontrolled areaa
(DOE, 1981b).

bIncludes evaporative and mlecular losses

at ground level from the disassembly basin, the
seepage basin, and the cooling lake.

cAss”med to be strontium-90.
dA~~”med tO be plUtOIIiUrn-239-

J

4.5.4.2 Wastewater discharges of radioactivity

Table 4-61 lists wastewater discharges of radioactivity for the reference

case. For the preferred alternatives, tritium releases to the Savannah River
are less (because the atmospheric releases cover more) ; they are expected to
comprise about 85 percent of the values for the reference case.

4.5.4.3 Cesium-137 and cobalt-60 remobilization

Section 4.1.2.4 describes the esti~ted cesi”m-137 and CO~lt-613 releaSeS
due to the remobilization of these mterials in the Steel Creek channel and
floodplain. Most of this radioactivity is ceaium-13?. It is conservatively
estimated that the remobilization of cesium-137 a“d cobalt-60 would be no more
than 4.4 * 2.2 curies and 0.Z5 i 0.13 curie, respectively.
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4.5.4.4 Offsite dose commitments

The mximum individual and population dose commitments for the preferred
alternatives are presented in Table 4-65. These doses are nearly identical to

those of L-Reactor operation under the reference case (see Table 4-17). How-
ever, the tenth-year population doses within 80-kilometers are slightly higher
and the population doses to downstream water users are slightly lower than those
in Table 4-17, because of the greater vaporization of tritium from the 1000-acre
lake surface.

Table 4-65. Summary of total-body dose commitments from the
operation of L-Reactor (preferred alternatives )

Source of lst-year 10th-year
exposure dose dose

MAXIMUM INDIVIDUAL ADULT DOSE (millirem per year )

Atmospheric release 0.052 0.22
Liquid releases 0.0066 0.072
Radiocesium and cobalt transport 3.5 0.31

Total 3.6 0.60

Dose within 80 Port Wentworth and

Source of kilometers of SRP Beaufort-Jasper dose
exposure 1st year 10th year 1st year 10th year

REGIONAL POPULATION DOSE (person-rem per year)

Atmospheric releases 3.0 13.9 -- --

Liquid releases 0.0087 0.017 0.66 10.8
Radiocesium and cobalt

transport 9.0 0.80 0.80 0.067

Total 12.0 14.7 1.5 10.9

4.5.4.5 Health effects

For the preferred alternative, there would be a maximum of 0.001 and 0.002
excess cancer fatality In the population within 80 kilometers of the SRP from
the first- and tenth-year operation, respectively, and 0.003 and 0.004 genetic
disorder from the first- and tenth-year operation. Similarly, for the down-

stream Savannah River water-consu~ng pOpulatiOns at pOrt WentwOrth and
Beau fort-Jasper, either alternative is projected to result in a maximum of
0.0004 excess cancer fatality from the first year and 0.002 from the tenth year,
and 0.004 genetic disorder from the first year and 0.003 from the tenth year.
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A panel of experts, including representatives of the Centers for Disease
Control and the South Carolina Department of Health and Environmental Control,
is reviewing the results Of ongoing health effecte and epidemiological studies
(see Section 6.1.5). DOE will conduct public hearings on the panel “s findings

and initiate any required epidemiological study as a result of this process. In
addition, DOE will take appropriate mitigative actions on an implementation
schedule chat is mutually agreed on with the State, if further study indicates

such actions are warranted (Memorandum of

4.5.4.6 Occupational dose

Occupational doses would be the same
reference case; the doses are expected to
past in P-, K-, and C-Areas, as listed on

Table 4-66. Total
in P-,

Understanding of April 27; 1983).

for the preferred alternatives and

be similar to those experienced in
Table 4-66.

doses to workers
K-, and C-Areas

Dose
Year (person-rem)

the
the

1976 217.2
1977 231.2
1978 202.0
1979 184.4

1980 203.7
Ave rage 207.7
Average per reactor-year 69.2

4.5.4.7 Solid radioactive waste

Low-level solid radioactive waste (about 570 cubic meters annually) would
be generated by either the reference case or the preferred alternatives. These
wastes would be buried in the SRP low-level waste burial ground. Offsite radio-
logical effects of these operations would b negligible.

4.5.5 Accidents

4.5.5.1 Reactor accidents

The two types of reactor accidents of primary concern at SRP are a release
Of fission products Or other radionuclides from irradiated reactor fuel and
targets, and a release of activation triti”m from the reactor moderator. The
release of fission products is most likely to occur due to fuel or target mlt-
ing, which might result from either power .s”rges or cooling-system failures.
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The release of ~ctivation tritf.um from the reactor heavy water is most likely to

occur from spills or pipe breaks.

The principal hazard of these accidents is that the released radion”clides
become airborne and are carried either to the onsite plant worker or to the off-
site population. Radionuclides can also 6s dispersed by the reactor liquid
effluent streams, but the hazards of such dispersal are several orders of mgni-
tude lower than those of airborne dispersal fn an accident situation.

Because the principal hazards are derived from possible airborne releases
and because the existing confinement system is both the reference case and the
preferred alternative safety system, therefore, the potential effects of reactor
accidents will be the same for both cases. To provide a perspective on the
overall accident risk of L-Reactor operation, Figure 4-49 shows the annual prob-
ability of an individual living at the SHP site boundary receiving mre than a
certain dose from postulated accidents. Additional details are provided in Sec-
tion 4.2 and Appendix G.

4.5.5.2 Non-nuclear hazards and natural phenomena

Risks associated with (1) toxic-gas release, (2) fire, (3) earthquakes,
(4) tornados and hurricanes, and (5) floods are considered in relation to the
reference case (in Section 4.2.2) ; in all instances the risks are small both in
tern!sof technical assessment and judgment and in term of experience.

The preferred alternatives include a 1000-acre lake behind an embankmnt;
there would be, therefore, the very small risk of dam failure due to non-nu”clear
hazards and natural phenomena.

The probability of an embankment failure is extremely low. As indicated in

Section L.2.3.2, a conservative approach to earthquake design has been used.
Similarly, the embankment, outlet works, and emergency spillway are designed to
control the runoff (Section L.2.3.1) from the U.S. Army Corps of Engineers ‘
“standard project flood. ‘“ At SRP this flood is the result of a 96-hour rainfall
of 51 centimeters. The standard project flood does not have a direct corre-
spondence to a recurrence interval. However, 51 centimeters in 96 hours is

nearly twice the 100-year recurrence interval depth for the area. Extrapolation

of the depth-versus -recurrence-interval relationship for the 96-hour duration at
the site would imply a recurrence interval of over 10,000 years. An even rarer

flood, the probable maximum flood, was also included in the design basis. The

embankment is designed to withstand these events.

The consequence analyses of embankment failure indicate that any loss of

life would be unlikely because no SRP facilities or offsite residences exist in
the expected path of the resulting flood wave. However, severe economic loss

and environ~ntal impacts would occur.

The consequence analyses of embankment failure were based on a reservoir

water-surface elevation of 61 meters. This would be the elevation at the top of

the embankmnt, 1.2 meters above the emergency spillway and 1.6 meters above the
peak pool level for the standard project flood. Results of the analyses indi-

cate that a failure with the water at the 61-meter elevation would produce a

4-235



A

10.5

Combined
Probabilities

10.6 forRangeof—

10.7

Lose115kV
10L7

!

\

10.9
/

LOPA–l ECS ‘ LOCA–NO ECS
10.10

10.11

/Mole-Body ~
ReferenceValue LOPA–No ECS

10-12

\

10-13 1 I
, ,

I
1,1,1,, , , ,8,,, ,

I
,,,83,,

i
I

0.1 1 10 100 1000

DoseX,rem

I

~ \,
timbined
Probabilities
forRangeof—
Postulated
Accidents

Whole-Body/
ReferenceValue

\

10-10

10.11

10-12 \,

10.13 , 1 1 ,11,,, , 1 , ,,,, ,88,
0.1 1 10 100 1000

DoseX,rem

Figure449. Totalprobability(P)parSRP site-year(upper)and reactoryear (lower)

thatthewhole body dosetoa parsonon theplantboundary willax-d
a specifiedvalue,X rem.

4-236



14-meter-high flood wave. The wave height would decrease as it proceeded down-

stream. At a distance of 3.7 kilometers downstream from the embankment, the
wave height would be about half the initial height, or 7 meters. This station
is below the Seaboard Coast Line Railroad bridge and the bridge over Road A (SC
Highway 125). These bridges would be overtopped and probably destroyed, and
their debris would be carried by the flood wave.

At a distance of 5.2 kilometers downstream from the embankment, the wave
would have a height of approximately 3.5 meters and be fully into the Savannah
River swamp, both on and off the site. This is downstream from the second Sea-

board Coast Line Railroad bridge, which is about 900 meters above Cypress
Bridge. This railroad bridge would probably b destroyed or severely damaged.
The swamp is not deep enough to sustain a wave height of 3.5 meters, and the
trees and shrubs would also attenuate the wave. However, as the wave broke and
scattered through the swamp, it would uproot trees and vegetation and then de-
posit the entrained debris, including earth from the embankment, scoured sedi-
ment, and bridge debris. The effect on the Savannah River itself is expected to
be minor.

4.6 NO-ACTION ALTERNATIVE

This section describes the expected nonradiological and radiological ef-
fects due to maintaining L-Reactor in a ready-for-operation standby mode. Non-
radiological effects include those that tight result from a decreased work
force, the periodic withdrawal and discharge of water for hydraulic testing and
flushing of the secondary cooling system, the discharge of liquid and atmos-
pheric effluents, and the disposal of solid nonradioactive wastes. Radiological

effects include those that might result from the resuspension and transport of
radiocesium in Steel Creek as a result of the periodic hydraulic testing and
flushing of the secondary cooling system.

Maintaining L-Reactor in a standby mode would have no direct land-use im-
pacts. A work force of only about 100 would b required to maintain L-Reactor,
thus necessitating the loss of approximately 300 jobs.

The four historic sites and one prehistoric site in the Steel Creek terrace
and floodplain system that are eligible for inclusion in the National Register
of Historic Places have shown erosion effects from high-water flow conditions
during periodic hydraulic testing and flushing of the secondary cooling system.
Phase 2 of the Archeological Mitigation Plan is being implemented to protect

these sites.

Direct expenditures on materials and services to maintain L-Reactor in a
standby mode ($10-12 million) would be less than tbe expenditures for operating
of L-Reactor. Contributions to the local economy would also be leas than those

from L-Reactor operation.

rc

The secondary cooling system, a once-through coolingwater SYStern,would

be hydraulically tested and flushed approximately 1 day per month; flow rates
as high as 6.2 cubic ~ters per second would be experienced. During hydraulic

testing, about 6.2 cubic meters per second of water would be withdrawn from the
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Savannah River, about 2 percent of the average river flow and 4 percent of the
7-day, 10-year low flow of 295 and 159 cubic meters per second, respectively.

Essentially all of the water withdrawn from the river would hs returned to the
river after passing through the secondary cooling system and the Steel Creek
system.

Based on the results of 1982 and 1983 studies and predicted L-Reactor water
withdrawal rates during periodic testing and flushing of the secondary cooling
system, fewer than 1.2 x 105 fish eggs and 2.0 x 105 fish larvae would k en-
trsined during the spawning season and an additional 9 fish would be impinged
per day of testing and flushing.

Two deep wells in L-Area would continue to provide a total of 0.94 cubic

meter per ndnute from the Tuscaloosa Formation; however, there would he no pump-
ing at other facilities in support of L-Reactor. The total drawdown near the

center of the cone of depression is estimated to he about 4.3 meters. The up-
ward head differential between the Tuscaloosa and Congaree Formations in L-Area
is about 3.7 meters. Thus , near the center of the cone of depression, the head

differential would he approximately O.6 meter downward. The withdrawal of

ground water from the Tuscaloosa aquifer in L-Area would not k expected to
affect the quality of the ground water.

No liquid thermal effluents would be discharged from L-Area into the Steel
Creek system. There would be no thermal impact on the Savannah River; however,

during periodic hydraulic testing and flushing of the secondary cooling system,
water would he discharged to the Steel Creek system at the ambient river water
temperature at approximately 6.1 cubic meters per second. Flooding and minor
amounts of siltation associated with the discharge would & expected to tempo-
rarily modify the aquatic habitat in the Steel Creek floodplain and delta.
These discharges would also temporarily eliminate the feeding habitat for the
wood stork and other waterfowl that have been observed in the Steel Creek delta.

The nonthertnal liquid effluent from L-Area would have chemical compositions
that are similar to those from other SRP reactor areas. Some of the chemicals
discharged to Steel Creek would originate from the Savannah River during the
periodic hydraulic testing and flushing of the secondary cooling system. Sani-
tary waste water would be chlorinated at a package treatment plant and dis-
charged through the L-Reactor sewer to Steel Creek. No impacts on the water
quality of the swamp or the Savannah River would be expected.

The L-Area cooling-water basin (186-Basin) would be cleaned annually to re-
move accumulated solids. This sediment would k flushed to Steel Creek over a

period of several days, and would settle in the streambed before reaching the
swamp. A variance on total suspended solids from the NPDES permit ndght he re-
quired for this activity.

Nonradiological pollutants would be emitted from the K-Area coal-fired
steam plant (used to supply L-Area with steam) and the L-Area diesel generators.

Solid nonradioactive wastes would consist of trash and sanitary sewage
sludge. Trash would be disposed of in the SRP sanitary lsndfill, which is oper-
ated in accordance with guidelines of the South Carolina Department of Health
and Environmental Control. Sewage sludge would he disposed in an existing
sludge basin near the Central Shops.
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Technological improvements would be incorporated into the L-Reactor concur-
rently with similar improvements mde for the other SRP reactors.

The periodic hydraulic testing and flushing of the secondary cooling system
would resuspend and transport only a very smll amount of the radiocesium and
radiocobalt presently in the Steel Creek system to the Savannah River and the
awamp. The resulting maximum individual dose per day of testing/flushing would
be approxiumtely 0.003 tillirem, the dose per day of testing/flushing to the re-
gional population within 80 kilometers of Savannah River Plant would ba 0.008
person-rem, and the dose to the the water consumers in the Port Wentworth,
Georgia, and Bea”fort-Jasper Counties, South Carolina, areas would be 0.0007

person-rem per day of testing/flushing of the secondary cooling-water system.

4.7 DECONTAMINATION AND DECOMMISSIONING

Whether it is restarted or not, L-Reactor will ultimately be subject to
decontamination and decommissioning. The decontamination and decommissioning
plan adopted will be subject to environmental and public review before imple-
mentation. The options listed below are based on the following studies:

1. NRC Program Status Paper (Calkins , 1980)

2. The decommissioning description for the Defense Waste Processing
Facility (DOE, 1981a)

3. The Decommissioning Handbook (Manion and LaGuardia, 1976)

4. The decommissioning plan for the 1OO–F production reactor at Hanford
(DOE, 1979)

5. The shutdown plan used for L-Area in 1968

Three basic decommissioning options are defined according to the NRC Pro-
gram Status Paper (Calkins, 1980). These options are DECON, SAFSTOR, and
ENTOME. Depending on the results of the later NEPA review, L-Area decommission-
ing is expected to follow the SAFSTOR option.

DECON is defined as the immsdiate removal of all radioactive materials to

levels that are considered acceptable to pertit the property to ba released for
unrestricted use (NRC, 1981 ). This option uses a chemical decontamination of
the structure and the internals. Decontamination is followed by dismantlement,

transportation, and burial of the internals. In a final step, the outer struc-

ture is demolished, and the site is restored to its precommissioning status.

ENTOM8 is the encasement of the facility in a material possessing long-
lived structural integrity until such a time when the dose level is amenable to
unrestricted use. This option is intended for sites where the radioactivity
will decrease the acceptable limits within a reasonable time period. A reason-

able time period for ENTO~ is approximately 100 years (NRC, 1981 ).
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SAFSTOR invOlvee placing a facility in temporary storage within acceptable

risk levela for subsequent decOntatination and unrestricted faci lity use. The
SAPSTOR option is divided into aix major phaaes:

1. Chemical decontamination
2. Mechanical decontamination and fixing of residual radioactivity

3. Equipment deactivation
4. Preparation for interim care
5. Interim care (surveillance and maintenance )

6. Final dismantlement

Chemical decontamination involves rinsing, chemical cleaning, and flushing
of internal surfaces of process lines, vessels, and equipment. External aur-

facea or proceaa equipment, lines, and structure are aprayed remotaly with a
series of chemical solutlons or steam.

Next, all equipment and systems not needed during this interim-care period
are deactivated. Typical activities include final draining of process lines,

closing or opening valves depending upon the function, blanking flanges, and
diaconnectlng utilitiee. Cooling-water system for dieaela are drained and fuel

oil is removed from tanks.

During preparation for the interim-care period, security locks are in-
stalled on all exterior doors and on doors leadi~ to highly contaminated

areaa. Intrueion alarme, fire detection eyeterns,radiation mnitoring equip-
ment, and ventilation syateme are inspected to aasure safety during tha interlm-
care period.

During interim care, the facility and the total site are kept inacceeaible
to the public and unavailable for other than nuclear use. Surveillance, main-

tenance, certain operations such as ventilation, and security activities are
conducted to assure safe confinement of the radioactivity. Schedulad programe
of periodic inspections and monitoring are continued.

Final dismantlement bgina with a planning phase. The quipment that is
neceseary for dismantlement but was previously made inoperable is activated and

refurbished as necessary. The other phases of final dismantlement are removal
of contaminated equipment, mechanical decontaudnation of structures, demlition
of structures, and restoration of the site.

Removal of contaminated equipment involves disconnecting and cutting whera
neceseary for voluw reduction; packaging, loading, and transporting the equip-
ment to a wasta disposal facility; and final disposal. A remote operational
capability is added to accomplish equipment removal where high radiation levels
prohibit contact operations.

In the demolition and restoration phase, all above-grade portions of the
plant structures are demolished by conventional methods, such as explosive and

impact balls. The site is then graded and revegetated.

The impacts from decontamination and decommissioning are very small. Pro-

jections of these impacts specific to L-Reactor have not been made; estimates,
however, have been made (Marion and LaGuardi a, 1976) fnr the decent amlnat ion and
decomdssioning of Commercial power reactors of the PWR design. The estimated
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population dose for the DECON option was 3.0 x 10-5 millirem per year (lung)

during the period of the decontamination and decommissioning operation. Both
the ENTOMB and the SAFSTOR were projected to result in an even lower dose.

The decommissioning of currently operating facilities receivi~ hazardous
and radioactive udxed wastes WiIl bC discussed in a separate NEPA revie” of the
“SW Groundwater Protection Implewntation Plan” (see Section F.6).

DA-3

In the case of the preferred cooling-water alternative, the 1000-acre lake
would be left intact as a bclanced biological community after the decommission-
ing of L-Reactor.

4.8 SAFEGUARDS AND SECURIH

Safeguards considerations for L-Reactor include physical
rials control and accountability. The principal requirewnts
the following DOE orders:

security and rcate-
are contained in

1.

2.

3.

4.

DOE Order 5630.1,’ “Control and Accountability of Nuclear Materials. 00
This order provides guidance in the develop~nt of mcterial control and
accountability systems for special nuclear mterial and other desig-
nated materials.

DOE Order 5630.2, “Control and Accountability of Nuclear Materials,
Basic Principles. “ This order provides specific requirements for the
control and accountability of nuclear mcterials.

DOE Order 5632.1, “Physical Protection of Classified Matter. “ This

order prescribes DOE policies and objectives for the physical protec-
tion of classified security interests.

DOE Order 5632.2, “Physical Protection of Special Nuclear Materials. “
This order establishes minimum physical protection standards for
special nuclear materials.

Access to the site is controlled at primcry roads by permanently manned
barricades. Other roads are closed to travel by gates or other bcrriers. The
site, except along the Savannah River, is fenced. The entire site is posted
agains t trespass under State of South Carolina and Federal statutes. The
operating areas are separately fenced; the fence is continuously patrolled by
armed security personnel. Primary responses to safeguards and security inci-

dents are from area patrol personnel who are engaged in roving patrols and/or
access control activities. Inter-area security personnel are supplemented by

armed responders from other SRP facilities. Responders are equipped with side-

anua, shotguns, and automatic weapons. Armored vehicles are assigned to each
area and are used in response. Onsice security forces are provided backup by

off-duty security personnel and Federal, state, and county law enforcement
agencies.

Materials control and accountability procedures are applied to special
nuclear mterials, such as: enriched uranium, plutOnium-2 39, neptunium, tritium,
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and deuterium. Stringent controls are used throughout the manufacturing, stor-

age, and shipmnt cycles to protect against unauthorized diversions of these
materials. Proven measurement and analytical procedures and squipmnt are used

as part of the msterials control and accountability system at Savannah River
Plant.

L-Area is defined aa a material balance area; it is, in turn, divided into

msterial balance sections (e.g., reactor section, disassembly section). Similar

material balance areas have ken established at the other SRP facilities that
will handle the special nuclear materials to support reeumed L-Reactor opera-
tion. Within each mterial balance area or section, the accountable mterlals

are kept separate, and identifiable material quantities that enter or leave the
area are accurately determined; responsibility for the mterial ie aaaigned to
one individual.
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5 INCREMENTAL AND CUMULATIVE IMPACTS FROM L-RRACTOR OPERATION

5.1 INCREMENTAL IMPACTS FROM L-REACTOR SUPPORT FACILITIES

The resumption of L-Reactor operation would increase the number of operat-
ing reactors at the Savannah River Plant (SRP) from three to four. It would
also increase effluents and emissions from fabrication (M-Area) and chemical
processing (F- and H-Areas ) support facilities at SRP by about 33 percent . Ac-
tual incremental increases might b less, depending on reactor operating sched-
ules and the number of shifts required to support L-Reactor operation. Other
SBP facilities that will be affected by L-Reactor operation include the waste
management operations and an onsite steam-generating station in K-Area. ThiS
section deacribea the incremental environmental impacts from the SRP support
facilities that would result from the resumption of L-Reactor operation under
direct discharge of cooling effluent to Steel Creek (the reference case) and
the preferred cooling-water alternative described in Section 4.4.2 and in detail
in Appendix L.

5.1.1 Nonradiological impacts

The nonradiological impacts from the SRP support facilities associated with

the extra support effort due to L-Reactor operation will be fourfold: (1) an in-
crease in the workforce, (2) an increase in water discharges to surface streams
and seepage basins , (3) an increase in atmospheric pollutants, and (4) an i“-
crease in water usage. These nonradiological impacts are treated individually
in Sections 5.1.1.1 through 5.1.1.4.

5.1 .1.1 Socioeconomic

Approximately 160 employees are expected to be hired by 1984 for existing

SRP facilities in support of the resumption of L-Reactor operation. About half
have already been hired. Because the number of additional employees to be hired
is less than 1 percent of the SRP labor force, and because the inmoving popula-

tion associated with the potential 80 additional employees is less than 0.05
percent of the indigenous population in the six-county area, no impacts on local
communities or services is expected.

5.1 .1.2 Effluent discharge

Discharge to seepage basins

Separations Areas--SRP has discharged large volumes of liquids containing

nonradioactive chemicals and low levels of radioactivity to the seepage basins
in F- and H- (Separations) Areas (Figure 5-1) since 1954 and 1955, respec-

tively. These discharges consist essentially of evaporator condensate from a
number of different waste streams, all generated in operations involving radio-

active materials. Sow of the components in the wastewaters, including mercury,
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chromfum, snd,nitrate, have ‘been retained in the seepage-basin soils; some have
alao entered the shallow ground-water system and are mfgrating through the
eaturated soil to outcrop zones , principally to wetland areaa near Four f.file
Creek (Du Pent, 1983c; Fenimore and Horton, 1972; Horton, 1974; Marter, 1977;
Appendix F). In intensive groundaater mnitoring studies of nitrate levels
conducted in 1968 and 1969 at F- and H-Areas, nitrate concentrations ranged from
3 to 300 tilligram per liter (compared to background concentrations of 3 milli-

grams per liter in natural ground water).

The present discharges to the F-and H-Area seepage basins are not hazardous
(under RCRA) except for frequent periods of low pH and infrequent discharges of
hazardoua levele of mercury and chromium. The mercury levels are associated
with the processing of onaite reactor products and radioactive waate management

activities; the chromium levels are associated with the proceeding of offsite
fuele, radioactive waste r@anagement, and the removal of oxide from onsite target
elements. The incremental increases to the F- and H-Area seepage basins from
the operation of L-Reactor are not expected to be hazardous except for low pH
and occaalonal discharges of mercury (H-Area only).

Most of the 435 and 1760 kilogram of mercury released to the F- and H-Area
seepage basins, respectively, through 1982 has accumulated in the basin soils.
Measurements in 1971 indicated that mercury discharged from seepline eprings to
Four f.fileCreek at a rate of 0.36 gram per day; less than 0.1 percent of the
mercu~ inventory is believed to have migrated to the creek. The ground-water
downgradient from these seepage basins shows mercury concentration 100 times
higher than background levels. Recent quarterly monitoring indicates mean con-
centrations as lieted in Table 5-1 (eee tabulated monitoring results in Section
F.5.3).

From 1981 through early 1983, about 740 kilogram of chromium were dis-

charged to the H-Area basin. Chroudum concentrations in downgradi ent welle are
1.4 to 2.8 times background levels; in some cases, these exceed drinking-water
standards. Large quantities of nitrate and sodium have also been released to
these basine. Recent quarterly ground-water monitoring from wells around the F-
and H-Area eeepage basins indicates msan concentration of chromium, nitrate,
and sodium, as listed in Table 5-1.

The pH of the ground water near the F- and H-Area seepage basins ranges

from about 3 to 6 for downgradient wells compared to a range of 5 to 7 for
upgradient wells in the area. Appendix F centsins additional ground-water moni-

toring results for the Separations Areas.

DA-5

The chemical separations of product and waste from the irradiated L-Reactor

fuel and target assemblies will result in additional effluent discharges to the
seepage basins. During 1982, the average discharge rates were 0.24 and 0.30

cubic meters per minute to F- and H-Area basins, respectively. Becauae of

changes in operating practices, principally by recycling as much as 80 percent
of the acid and baae drain header flow and rerouting laundry effluent, dis- DA-5
charges to the basins in the Separations Areas have been reduced to O.13 cubic
meter per udnute to the F-Area basins and 0.28 cubic meter per minute to the
H-Area basins. Projected incremental discharges to these basins in support of

L-Reactor operation will be approximately 0.04 and 0.09 cubic meter per minute,
respectively. The continued use of these seepage basins is being evaluated on a
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laDle 3-L . nean concenc rac~ons In r- ana m-fires seepage

basin monitoring wells (udlligrau per liter)

Predicted

increase
Upgradient Downgradi ent for L-React or

Constituent Area wells wellsa operation

Mercury F
H

Chromium F

H

Nitrite F

(as nitrogen) H

Sodium F
H

0.0002
0.0002

0.030

0.018

2.0

1.4

11.3
3.6

0.022
0.017

0.041

0.051

214.0

46.0

141.0
60.0

0.002
0.001

O.ooc

O.ooc

15.0
3.2

10.0
4.2

aAverage quarterly wasuraments (see Tables F-13 and F-14) in
downgradient well showing greatest constituent concentration.

bThe ~XI mum increase in concentration predicted as the L-Reactor

increment is 7 percent; it is stated here in terms of tbe concentration
tabulated for the dnwngradient well.

cThe incremental release of chrotium from the operation of
L-Reactor is calculated to be 0.2 kilogram per year to the H-Area basins
only; It is not expected to cause a measurable Increaae of the concentra-
tions in the contertinous plume.

sitewide basis (ace Sections 6.1.6 and F.6). Contingent on Congressional au-

thorization and approval of a ~ 1986 funding request, DOE plana to operate an
effluent-treatment facility. by October 1988 to process the wastewater being dis-
charged to these basins .

Based on past experience, about 8.5 kilograms per year of mercury, abnut

O.2 kilogram per year of chromium, and larger quantities of other cheticals,
listed in Table 5-2, are expected to be discharged to seepage basina in the
Separations Areas due to the operation of L-Reactor (E8DA, 1977; Hnrton and
Carothers, 1975).

The reduction of flow rates to the seepage basins is expected to reduce the

amount of nitric acid (nitrate inn) released to the basins. In addition, the
amount of msrcury released to the basins has decreased since the early and udd-
1970e. Before L972, approximately 7.9 and 9.4 kilogram of mercury were re-

leased per reactor to the F- and H-Area ksins, respectively (Du Pent, 1983c).
From the mid-1970s to 1982, the average contribution par reactor has been about
O.7 and 2.1 kilograms, respectively. Incremental releases of mercury from
L-Reactor to theie basins are expe~ted to & O.5 and 8.0 kilograms per year, re-

spectively (Table 5-2). The addition of a second evaporator to process radio-
active waste in the H-Area waste tanks has caused an increase in the amount of
mercury added to the H-Area seepage baains.
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Table 5-2. Estimated incremental nonradioactive releases
to seepage basins, the separations areas, and

tha fuel/target fabrication area

F-Area aaapaga H-Area seepage M-Area seepage
Cation/anIon basins (kg/year ) basins (kg/yaar) basin (kg/year)

honium
Calcium
Magnesium
Sodium
Iron
Copper
Aluminum
Laad
Zinc
Carbonate
Chlorina
Nitrite
Nitrate
Sulfate
Phosphat a

Chromium
Mercury
Nickel
Fluorine
1,1,1 trichloroethane

16
110
50

630
310
10
40
40

100
0

30
5

15,450
510
30

—

0.5
—
--
--

8
620
220

6,880
190
40

570
160
400

3,270
570
90

34,390
1,530
4,280

0.2
8.0

--
--
.-

—
--
—

26,500
20
3

9,400
0.5

—
--

260
50

86,400
275

21,700

ITC
8,100
-.

6

In 1975 approximately 2310 kilograms of chromium were discharged from the
Receiving Basin for Offsite Fuals (RBOF) to the H-Area seepage basins (ERDA,
1977 ); an additional 120 kilograms were discharged to the F-Area basins. From

1981 through early 1983, the discharge rate to the F-Area seepage bssins was es-
sentially zero; it was about 295 kilograw per year to the H-Arss baains. The
operation of L-Reactor is expected to increase the amount of chromium released
to tha seepage basins in the Separations Area by only O.2 kilogram per year.
Since mid-1982, newly generated chromium waste from the RBOF facility hss been
processed through a waste evaporator, which greatly lowers the amount of chro-

mium released to the H-Area seepage basins. Almost all the chromium released to
these baains since 1982 hss come from processing of radioactive waate produced
before 1982. After king processed by the waste evaporator, the concentrated
fractions are sent to the high-level radioactive waste storage tanks for proc-
essing by the Defense Waste’ Processing Facility.

Public health snd safety will bs assured at F- and H-Areas and at the SRP
Burial Ground. Section F.6 describes planned remedial actions. A potential
intermediate-term problem exists from the use of these facilities, including the
increment in support of L-Reactor operation. Contaminants discharged from the

seepage bssins and the seepage from the burial ground will flow to seepline
springs, principally in wetland areas along Four Mile Creek. The radioactive

constituents till wet DOE criteria for releases to uncontrolled areas when Four

DA-5
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M le Creek flows into the Savannah River. The direction of ground-water flow
and the ground-water islands wke It unlikely that any contaminated shallcm?
ground water will reach offsite users. None of the incremental releaaes from

the support of L-React Or is”expected to reach the Congaree Formation. Beneath

the central portion Of SRp, the flow directions in the Congaree and Tuscaloosa
Format ions sre toward the Savsnnah River along patha that remsin beneath SRP
(see Figures F-25 and F-26). These formation discharge to the alluvium in the
Savannah River valley. Onsite paraonnel will bs protected by ths extensive
~nitoring program. Monitoring of Congaree and Tuscaloosa wells in the central
nart nf the SRP shows no evidenca of contadnation (Marine. 1965: Ashlev and.— -----
Zeigler, 1981). Baaed on water samplea obtained
for tritium analysia from the Congaree Formation
basina [well 35-D (Figure F-34)], the green clay

ground water effectively from contamination that
system from the H-Area basins.

The discharges to tbe F- and H-Area seepage

heads in the Congaree and Tuscaloosa Formation,

(iri1965 and in-Februa~y 1984)
adjscent to the H-Area seepage
hss protected the Congaree
enters the shallow ground-watar

basins wI1l not affect the
and pumping from the Tuscaloosa

Aquifer till not-affect the heads in the Congarea and overlying formation.
The green clay at the baae of the McBean Formation will prevent releasea to
these seepage basins from increasing the head in the Congaree. In addition, the
claya in the upper Ellent on Format 1on and at the baae of the Congaree Forrest1on
are effective sitewfde confining units (see Table F-1); they limft the hydraulic
connection between the Tuscaloosa and overlying Congaree Formations. For exam-
ple, Tuscaloosa cones of depression at A-Area wells are not reflected in water

levels in the overlying Tertiary sedimants. At F- and H-Areaa seepage basins,
the changes in water-table elevations are expected to bs local and amll. Thus ,
the upward head differential between the Tuscaloosa and the Congaree will not be

effected by discharges to the F- and H-Area seepage basins.

As noted above, the green clay is also an important barrier to the downward

tigration of contaminants from the seepage basin to lower hydrostratigraphic
units. In the Separations Areas, the green clay (about 2 resters thick) supports
a head difference of about 24 meters between the McBean and Congaree Forma-

tions . Water samples obtained for tritium analyais from the Congaree near the
H-Area seepage basin (well 35-D; see Figure F-34) In 1965 (Marine, 1965) and
February 1984 indicata that the green clay has effectively protected the

Congaree ground water from contamination seeping into the ground in the Separa-
tion Area. At the Par Pond pumphouse well (Figure F-13), the green claY also
supports a large head difference and the water pumped from the Congaree Forms-
tion shows no evidence of tritium contarcdnation, even though tritium concentra-
tions in the pond were measured at 27,000 picocuries per liter. Water pumped
from tha Congaree by the pumphouse well exhibited tritium concentrations Of 170
picocuries per liter or less, compared to concenr.rations of 260 ● 60 picocuries
per liter in offsite well water (Ashley and Zeigler, 1981).

Calculation indicate that incremental nonradioactive releases to seepage

basins in the Separations Areas in support of L-Resctor operation will Increaae
the concentration i“ the ground-water contaminant plume by about 7 percent.

Table 5-1 lists the expected incremental changes calculated for the downgradient
monitoring WelIS exhibiting mximum concentration of msrcury, chromium, nitrate

(reported as nitrogen), and sodium. These incremental impacts to the ground
water are small.
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Contaminants that udght enter the shallow ground water from the seepage
baains in F- and H-Areaa are expected to follow a ground-water path to Four Mlle
Creek and be discharged along aeepline springa to the creek (DU Pent, 1983c;

Root, 1983). As a result, concentrations of chloride, nitrate, sulfate, sodium,
and calcium are higher in Four Mile Creek upstream from the C-Reactor cooling-
water discharge than in Upper Three Runa Creek, but are similar to those in the
Savannah River (DOE, 1982a). Tritium and nonvolatile beta activity are also
elevated in this stretch of Four Mile Creek (Ashley and Zeigler, 1981); however,
they do not exceed DOE concentration guidelines for uncontrolled areaa. The
expected incremental impacts to the water quality of Four Mile Creek above the
C-Reactor outfall due to L-Reactor operation will k small (Table 5-3). The

Concentrations of pollutant entering Four Mile Creek, when mixed with creek
water, are expected to b within drinking-water standards ; the water quality of
Four Mile Creek below the C-Reactor outfall will remain similar tn that of the
Savannah River. Tritium and other radionuclides in Four Mile Creek will not

exceed DOE concentration guidelines for uncontrolled areaa.

Incremental releases caused by L-Reactor operation from the Separations
Area seepage basins to Four Mile Creek are expected to have only minor impacta
on the ecosystem of the upper reachea of the creek. As listed in Table 5-3,
nutrient levels are expected to increase and to result in an increaae in the

populations of primary producers forming the base of the food web. This will
exert some streaa on tbe depauperate fauna found in the creek above tbe
C-Reactor outfall. The depauperate condition of the fauna in this area of the
creek might be related to thermal isolation caused by C-Reactor and shading of
the overstory (Du Pent, 1981a; McFarlane, 1976).

The water quality of the Savannah River is expected to meet the criteria
for a Claaa B waterway below Four Mle Creek when the pollutants that enter the
river from the F- and H-Area seepage baalns are mixed with river water (ace
Ashley and Zeigler, 1981). The water quality below the SRP is not expected to
be adversely affected by SRP effluent discharge (ace Table 4-6 and Marter,
1970). Radiological dose commitments from releases seeping from F- and H-Area
basina are diacuaaed in Section 5.1.2 and Appendix B. DOE will be conducting
studies for the eventual phasing-out of these seepage basins (Section F.6).

In summary, the prnjected L-Reactor incremental releaaea to the Separation

Areas seepage baaina will be 0.04 cubic meter per minute to the F-Area basins
and 0.09 cubic Mter per udnute to the H-Area basins. The cbeudcals in these

releaaes are expected to Increaae the concentrations of constituents in the con-
taudnant plume by about 7 percent. The water quality of Four Mile Creek will be

degraded as the ground water flows into the creek through seepline apringa in
low-lying wetland areas. Cnncentrationa of constituents in the creek water till
be increased by about 7 percent from F- and H-Area seepage-basin releases to the
creek. The average quality of the creek water ia expected to be similar to that

of the Savannah River above the outfall for C-Reactor , except for pH and nitrate

and nitrite solutions.

Fuel and Target Fabrication Area--Waste effluenta from production opera-

tions in the Fuel and Target Fabrication (M–) Area, shown in Figure 5-1, have
been discharged to process sewers since startup in 1952. A seepage basin was

put in service in 1958 tn settle out and contain uranium discharges from fuel-
element production operations. At present very little wastewater seeps from the

baain. Instead, mnst of the water overflows the basin and enters the ground at

DA-8
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Table 5-3. Water qUality of the Savannah River and Four ~ le Creek abOve the C-Rea~tOr outfall, and
predicted L-Reactor incremental changes in concentration in Four Mile Creek resulting from
incremental discharges tn the Separations Area seepage baaina

Water quality Four Mile Creek Incremental
drinking- Savannah River averagec increase at

Parameter Units water standarda 1982 averageb 1982 1983 Four Mile Creek

PH

Dissolved
nxygen (DO)

Total susp.
solids (TSS)

.Conductivity

Cheud cal
‘i”
m oxygen

demand (COD)

tiOnia-N

Chloride (Cl)

Alkalinity

(CaC03)

Sulfite/
sulfate (S)

Nitrite/
nitrate (N)

Total
phoaphat e
(Po~)-P

mg/liter

mg/liter

mohsfcm

mg/liter

mg/liter

mg/liter

mg/lfter

rnglliter

mg/liter

mg/liter

6.5 - 8.5 (S) 6.2 - 7.0

>4 (WQS) 9.4

<50 (WQS) 10.0

--e +f

-- +

-- 0.2

<250 (S) 6.1

— +

<250 (S) 7.6

<lo (P) 0.52

— 0.19

6.2 - 7.4

8.8

3.0

+

7.4

0.003

4.1

9.5

7.5

2.7

0.02

7.2 - 5.8

8.3

4.8

7.1

8.7

<0.02

3.4

10.0

6.5

1.8

0.06

-0.5

Ncd

NC

10.0

0.6

0.004

0.4

1.3

1.0

0.4

0.008
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Table 5-3. Water quality of the Savannah River and Four Mile Creek above the C-Reactor outfall, snd
predicted L-Reactor incremental changes in concentrations in Four Mlle Creek resulting from
increment al discharge to the Separations Area seepage bsains (continued)

Water quality Four Mile Creek Incremental
drinking- Savannah River averagec increaee at

Parameter Units water standarda 1982 averageb 1982 1983 Four Mile Creek

Calcium (Ca) mgfliter

Sodium (Na) mglliter

Aluminum (Al) mg/liter

Total iron
(Fe) mg/liter

Magnesium (Mg) mg/liter

y
a Manganese (Mn) mg/liter

Chromium (Cr) mg/liter

Zinc (Zn) mg/liter

—

--

—

<0.3 (s)

—

<0.05 (s)

<0.05 (P)

<5.0 (s)

3.8

10.0

1.3

0.58

+

+

+

+

2.8

9.5

0.9

0.38

+

i’

+

+

+

5.6

0.2

0.83

0.7

0.14

<0.08

<0.02

0.4

1.3

0.1

0.1

0.1

0.02

0.01

0.002

a(P) = 40 CFR Part 141; (S) = 40 CFR Part 143; (WQS) = Water-quality atandarda--Federal Register,
V, Vol. 45, No. 231. 28 November 1980.

Part

b3.6 kilometer; above SRF (UU Pent, 1983c).
cWater samples obtained at Road A-7, about 5.5 kilometers downstream from the Separation Area.
dNC = Little or no change expected.

‘-- - No standard.
‘+ = No data.
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Lost Lake (see Figure F-35). The waste effluents have included large volumes of

volatile organic compounds used as metal decreasing agents. SO= of these sol-
vents have evaporated; however, substantial quantities have seeped Into the
ground from effluent sewer leaks ,“the seapage basin, overflow to Lost Lake, and
other miscellaneous spill sites. This seepage has entered the shallow ground-

water system within the Tertiary Coastal Plain sediments. Ground-watar samples
taken near the seepage basin have exhibited concentrations of organic degreasers
no longer used at SRP as high as 220 tilligrama per liter in the water-table
aquifer. In the Tuscaloosa Formation , concentrations as high as 27 micrograms
per liter have been measured in ground-water samples. However, this contamina-
tion appears, on the basis of well surveys and contaminant monitoring results
(Section F.5.4), to have resulted from the migration of organic degraasers in
the Tertiary sediments down the annuli of wells with defectiva cement grout
between the sediment and the well casings (Geraghty and Miller, 1983; Staela,
1983) . Approximately 160,000 kilograms of organic degreasers are believad to
have entered the ground in M-Area (more details are provided in Appendix F; Ou
Pent 1982c, 1983c; Geraghty and Miller, 1983; Steele, 1983). HOWever, the dis-

charge of volatile organic compounds in process wastewat ers from M-Area opera-
tions has been reduced appreciably by recent changes in operating prectfces.

Effluent discharged to the M-Area seepage basin frequently meets the def-

inition of hazardous waste because of pH. Typically, the waste stream contains
1,1,l-trichloroethane, but not at levels considered to ba hazardous (J. D.
Spencer letter to G. A. Smithwick dated May 13, 1983). The pH in the upgradient
wells (see Table F-15) ranged from 4.5 to 10.6 during recent quarterly monitor-
ing. At the M-Area seepage basin, there are three distinct pH plumes (OU Pent,
1982c) . The pH lobe that appears to originate at the basin and move in the
direction of the water-table ground-water flow has a pH range from 9.8 to 11.8.
In the ground water beneath the process sewer and the seep area at Lost hke and

between the basin and Lost Lake, the pH ranges between 5.0 and 6.0.

Recent quarterly ground-water monitoring from wells encompassing tbe M-Area

seepage basin and Lost Lake Indicate the uan chromium, nitrate, and sodium con-
centrations listed in Table 5-4.

Currently (February 1984), about 0.48 cubic meter per minute of process and

nonprocess effluent is &ing discharged to the M-Area seepage baein, which over-
flows to Lost Lake, a nearby Carolina bay. The increment al release asaociated
with L-Reactor is estimated to be 33 percent of the flow rate to the basin

(about 0.16 cubic meter per minute at present). Changes in operational prac-
tices have reduced the amount of rinse water used in the fabrication of fuel and

targets, principally by repiping and rearranging existing rinse tanks and using
counter-current and stagnant rinse techniques rather than once-through rinses;
these practices are expected to reduce the amount of wastewater discharged tO
the baain to about 0.05 cubic meter per tin”te by the end of 1984. The incre-
mental discharge from M-Area that would support the operation of L-Reactor
includes approximately 6 kilograms per year of a chlorinated decreasing solvent

(1,1,l-trichloroethane) and quantities of other chemicals listed in Table 5-2.

In A- and M-Areas, public health and safety will be protected by the exten-
sive SRP monitoring program and by plume management and remedial action strat-

egies. The sewer line to TiresBranch from M-Area no longer receives process
wastewater and the line to the M-Area basin is being repaired. men mni toring
first confirmed the presence of chlorinated hydrocarbon in water from A-Area
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Table 5-4. Mean concentrations in M–Area seepage basin and
Lost Lake monitoring wells (milligrams per liter)

Maximum increase
predicted for

Upgradient Downgrsdi ent L-Reactor
Constituent wells wellsa operation

Chromium 0.016 0.58 0.04

Nitrite 2.5 54.7 3.8
(aa nitrogen)

Sodium 11.4 86.9 6.1

aAverage quarterly measurements (see Tables F-13 and F-14) in

downgradient well showing greateat constituent concentration.
bThe ~ximum increase in concentration pr~di ct~d ~S the l,-R~~ct~r

increment is 8 percent ; it is stated here in terms of the concentration
tabulated for the downgradient well.

Tuscaloosa wells (Appendix F), the contaminated wells were shut down to protect
onslte personnel. Monitoring in A-Area, M-Area, and neighboring municipal water
wells has shown that the contaminants have not ndgrated offsite and that no off-
site health risk will exist in the foreseeable future. Contaminants that might

reach the Tuscaloosa Formation will be discharged to the alluvium in the Savan-
nah River valley (Section F.2 .3.2; DU Pent, 1983c). After they becow diluted

along the travel path (Figure F-26) , these contaminants could be intercepted by

some SRP production wells. State and Federal agencies are reviewing plans for
impeding the growth of the contandnant plume and the removal of the chlorinated
hydrocarbons using recovery wells, and a large air stripper. In addition, the

health of onsite personnel will be protected by changes in the water distribu-
tion system, which will obtain potable water only from the A-Area Tuscaloosa
wells that are unlikely to receive contamination from Tertiary aquifers .

The high concentrations of chlorinated hydrocarbons found in the A- and

M-Area shallow (Tertiary) ground-water system are being removed by both a pilot
and a prototype air-stripper unit with capacities of 0.075 and 0.18 cubic meter
per day, respectively. These demonstration projects will be phased out as the

A- and M-Area ground-water remedial action project (Steele, 1983) is being
implemented in August 1984. This project will consist of nine 200-foot-deep
interceptor/recovery (1/R) wells and an air stripper with a capacity of 1.5
cubic meters per minute, about three times that of the current discharges to the
M-Area seepage baain. It has been designed to prevent chlorinated hydrocarbon
contaminants in the shallow ground-water system (within the Tertiary Coastal
Plain sediments ) from reaching the drinking water of any offsite well or the
Tuscaloosa Aquifer. Based on small-scale and prototype systems, the production
(1/R) well and air-stripper system Is expected to remove about 30 tons of chlor-
inated hydrocarbons per year for the first few years of operation. Thereafter,
the removal rate will decrease as contaminant concentrations decrease. Liquid

effluent from the air-stripper column (about 1.1 cubic meters per minute) will

4,
12
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be routed to the A-Area powerhouse process-water system or used as nonprocess
cooling water in M-Area. In either case, the wast ewater would be discharged

through an NFDES-permitted outfsll.

Use of the M-Area seepage bssin is scheduled to be discontinued by April

1985. At that time, M-Area liquid effluent that would normally be sent to the
basin will be processed by a wastewater-treatment plant designed to remove about
650 metric tons per year, including the L-Reactor increment and a 20-percent
contingency factor. The plant till be composed of (1) a uranium recovery facil-
ity, (2) a facility to remove suspended solids, alutinum, nitrates, phosphates,
heavy metals, and oil and grease, and (3) a waste solidification facility to
concentrate solutions by evaporation and to mix the concentrate with cement and
flyash to form a solidwaste form for storage or disposal.

Process waatewater released to the seepage basin after the restart of

L-Reactor (before the operation of the M-Area wastewater-treatment plant ) will
reach the water table in about 10 to 17 years. These waters will be intercepted

by the I/R well system. The cone of depression resulting from pumping by the
I/R system will be extensive. For example, the area within the 3-meter drawdown

isopleth is expected to have an area of several hundred acres and to extend
about 180 meters beyond Lost Lake after 10 yeara of pumping; below the seepage
basin, the expected drawdown is 6 meters. Thus, the remedial-action project
will readily intercept, recover, and process L-Reactor (and other ) releases to
the M-Area seepage basin-Lost Lake system that are discharged before the opera-
tion of the wastewater-treatment facility in April 1985.

Incremefital pumping from the Tuscaloosa Aquifer in support of L-Reactor
will cause an increase in the downward head differential between the Congaree
and Tuscaloosa Formations of about 0.75 meter at the M-Area seepage basin. This
will tend to increaae both the dowward migration of contaminant in the ground
water and the tendency for udgration through the thick, low-permeability lower
Congaree and upper Ellenton clay units . After 1 year of pumping by the I/R well
system, the expected cone of depression in the Tertiary ground-water system till
be nearly coincident with the 100-microgram-per-liter concentration isopleth of
the centaminant plume. Appreciable concentrations of contaudnants are unlikely
to migrate through the clays of.the Congaree and Ellenton Formations overlying
the Tuscaloosa before the I/R cone of depression reduces the effects of incre-

mental pumping. The I/R cone of depression will grow quickly; it is expected to
counter any effect of incremental pumping for L-Reactor. This system ia pro-
jetted to reduce the downward head differential beneath the Lost Lake seepage
area by 1.2 meters and 3.6 maters after 1 and 10 years of I/R well operation,
respectively.

Nitrate and other contaminants associated with tbe M-Area process “aste-

water that reach the water table will be removed by the I/R system and pumped to
the air-stripper system during its period of operation (40 years). Chlorinated
hydrocarbon concentrations in the feed system to the air stripper are expected
to range initially from 38,000 to 115,000 micrograms per liter; nitrate
Concentration are eati~ted to range from a few to about 35 tiligrams per
liter.

L-Reactor iS expected to have a very small impact on the operation of this
ground-water remedial project. The incremental seepage from L-Reactor support
operationa will be not more than 8 percent of the design capacity of tha I/R
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Wells, kcause the increment of 0.16 cubic meter per ndnute is expected to
decrease to about 0.02 cubic meter per udn”te by the end of 1984. The small
incremental discharges will have only a minor and local effect on water-table

centaminant cnncentrations and elevations beneatb tbe M-Area seepage basin and
Lost hke; the effects will be dissipated during the protracted period of

seepage to the water table. The thick, low-permeability clay units of the lower
COngaree and upper Ellenton Formation till remain effective confining units for
the Tuscaloosa Aquifer; this is shown by the fact that the cone of depreaaion
from A-Area tithdra”al from the T“scalooaa Aquifer ia not reflected in the water
levels in the overlying sediments.

Without the I/R well system, the incremental discharges to the M-Area seep-

age bssin would have only a small impact on concentrations of contamlnanta in
the plume. Calculations indicate that these releaaes will i,ncrease concentra-
tions by about 8 percent. Table 5-2 lists the expected incremental changes cal-
culated for tbe downgradient monitoring wells that exhibit maximum concentra-
tions of chromium, nitrate (expressed aa nitrogen), and sodium.

Small quantities of uranium in the M-Area process waatewater till become

associated with the clay materials in the subsurface, such as the green clay (if
present ), because of uranium’s relatively high distribution coefficient (Kd).
Ultimately, this mterial will probably reside in the basal Congaree and upper
Ellenton clay units, which are effective confining units throughout the SKF.

In summary, the current project L-Reactor incremental liquid releasea to

the Fuel and Target Fabrication Araa seepage basin are 0.16 cubic ~ter per
udnute; by tbe end of 1984, they will b 0.02 cubic meter per tinute. The small
Incremental discharges will have only a minor and local effect on contaminant
levels in the Tertiary ground-water system beneath the seepage areas; the

effects will be dissipated during the protracted period of seepage to the water
table. The thick, low-permeability clay units of the lower Congaree and upper
Ellenton Formations till remain effective confinlng units for the Tuscaloosa,
and incremental releases to the M-Area baain will not contaminate the ground
water within this fnrmstlon.

The A- and M-Area ground-water remedial action prnject is scheduled to bs

operating by August 1984. The I/R wells, which will have a capacity of at least
9 times the incremental release, are expected to intercept seepage from the

basin and Lost Lake areas when it reaches the water table in about 10 to 17
years. Until the I/R system has been fully operational for about 1 year, the
tendency for contaminants in the Tertiary contaminant plums to move downward
will be increased as the result of incremental pumping for L–Reactor. There-

after, the I/R system should counter the effects of incremental pumping.
Appreciable cnncentrat ions of cnntaudnants are unlikely to d grate through the

clays confining the Tuscaloosa from L-Reactor restart until the IIR system has
been pumping for 1 year. Uae of the M-Area seepage baain Is scheduled to be
discontinued by April 1985, when a wastewater-treatment facility will be in

service.

-4,
-12

Ash basin

Additional discharges nf coal ash will be sluiced (mixed Wth water and

discharged) to the K-Area ash basin for disposal ss a result of tbe production
of steam for L-Reactor operation. The additional burning of coal with an ash
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content of about 13 percent till produce approximately 815 metric tons of ash
per year. Incrementally, thie ash will increase the K-Area steam-plant di~-

charge to the ash basin by about 15 percent. A proposed project would adjust

the pH of the sluicing water so the wster “is within discharge limits (SCDHEC,
1979). Leachate from the ssh basin will enter the shallow ground-water system
of the Barnwell Formation, from which it will migrate to Pen Branch. Little

impact is anticipated.

Effluent treatment processes

Alternatives to the discharge
in the fuel and target fabrication
investigated, with the intent that

of process wastewaters to the seepage basins

and chemical separations areas are being
these baains will be closed and that decom-

missioning activities will begin in 1985 and 1988, respectively.

In the fuel and target fabrication area, an integrated system is being

designed for the treatment of all M-Area process effluents except clean (non-
contact) cooling water. This facility, which is scheduled for operation by

Apri 1 1985, will utilize precipitation, evaporation, cation exchange, electro-
dialyais, and water purification (rinsing) techniques to remove chemicals from
the wastewater and allow discharge to TiresBranch through an NPDES-permitted
outfall.

For the Separations Areas seepage basins, a waste-treatment facility is
being developed to remove radioactive isotopes, hazardous heavy mtals , and
other dissolved and undissolved solids; direct discharge to Four Mile Creek will
be used, through an NFDES-permitted outfall. Unit operatfons of filtration,

reverse osmosis, and ion exchange will ba utilized to clean up the process
effluent. Operation of this facility is scheduled for October 1988. DOE will
submit a FY 1986 funding request to Congress for approval.

Releases to surface streams

The operation of L-Reactor will cause an incremental increase of about one-

third in the direct discharge of liquid effluent from the reparations areaa to
surface -streams. As listed in Table 5-5, F-Area will discharge an additional
890 liters per minute to Four Mile Creek; the Increment to Four Mile Creek from
H-Area will be about 1040 liters per minute (OU Pent, 1982b). Table 5-5 also
lists the expected concentrations of pollutants in the liquid effluents to these

streams and compares the concentrations to applicable drinking-water standards
or water-quality criteria.

In general, at the outfall these releases already meet the State of South
Carolina release requirements for Claas B streams (SCDHEC, 1981). However, the
pH of these discharges will Occasionally exceed standards and require treatment .

5 .1.1.3 Atmospheric releases

Incremental impacts of nonradiological atmospheric pollutants will occur

because of the increased steam, electricity, and other processes that L-React Or
operations will require. However, these are not expected to cause any viola-
tions of regulations or air-quality standards .
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Table 5-5. Expected incremental effluent concentrations from chemical separations areas

(F and H) to surface streamsa

F-Area cooling H-Area cooling
weter/prOcess watarfproceas H-Area mfg. 1982 Mean con- Drinking watar
sewer mtfall sewer mtfall bldg. outfall centrationa in standards or
to Four Mile to Four Mile to Four Mile Four Mile Creak watar quality

Constituent Creekb Creekb Creekb at Road A-7 criteriac

Incremental Increaaa
in effluent discharged
(liters/min) 890 650 390

pH 5.3-6.9 5.9-6.8 2.9-7.8 6.2-7.4 6.5-8.5 (S)
BOD (2 (2 2
Total suspended solids (TSS) 10 32 6 3
Oil and grease <lo <lo <lo
Lead (Pb) <0.001 0.004 0.006
Mercury (Hg)

<0.5
<0.0002

0.05 (P)
0.0011 0.0007 0.002 (P)

Nickel (Ni) 0.006 0.014 0.02 0.013 (WQS)
Silver (Ag) <0.001 <0.0003
Zinc (Zn)

<0.0003 0.05 (P)
0.034 0.063 0.084 5 (s)

Chloride (Cl) <0.1 Nbd 6.6 4.1 250 (S)
Fluoride (F) <0.1 <0.1 <0.1 1.4-2.4 (S)
Nitrite /nitrate-N(N02/N03) 0.35 <0.05 0.19 2.71 10 (P)
Phosphate-P (P04) 0.05 0.02 0.O1
Cyanide (CN)

<0.02
<0.02 <0.02 <0.02 0.02 (wQS)

Phenols <0.002 <0.002 <0.002 3.5 (WQS)
Copper (Cu) _e

Iron (Fe)
1 (s)

0.38
Manganeae (Mn)

0.3 (s)
0.05 (s)

A2uminum (Al) <0.85

aAll concentration are ~fliter unleaa otherwise noted.

bDu Pent, 1982b.
cDrinking water atandarda: (P), 40 CFR Part 141; (S): 40 CFR Part 143; water quality criteria

(WQS): Federal Register, Part V, Vol. 45, No. 231, Nov. 28, 1980.

‘Not detachable.
eData not available.
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L-Reactor production will increase the amount of fuel and target material
processing in F-, H-, and M-Areas. The main environment al impact of increaaed

operation in these facilities till be the added releaae of Nox to the
atmosphere.

Projected 1985 NOX releases from F-Area will rise at least two-fold due

to both L-Reactor restart and other SRF program changes. NOX emissions from
H-Area will decrease by a factor of two. About 25 percent of the total F-, H-,

and M–Area emissions in 1985 wf11 result from processing L-Reactor materials
(Table 5-6) . Alr emissions permits for these facilities have been revised to

reflect process changes.

Table 5-6. Summary of dr pollutant releases
from L-Reactor support facilities

Area
Projected 1984-1985 emission tonsfyr

Sox TSP NOX

K-Area coal 130 28 45

L-Area diesels 4 4 59

F <1 <1 197

H <1 <1 28

M <1 <1 26

Total SRPa 10,000 2500 5500

aBased on adjusted values in EKOA (1977) .

NOX releases resulting from L-Reactor operations are higher than other
air pollutant emissions increases (Table 5-6) . Overall, L-Reactor restart will
increase future SRP NOX emissions by about 5 percent . Sulfur dioxide and
total suspended particulate releases will add about 1 percent . Releases related
to L-Reactor operation will contribute 1.1 udcrograms per cubic ~ter Nox to
the ambient air at the SRP boundary. This compares to 15 to 23 udcrograms per
cubic inter NOX estimated from all other SKY sources in 1985. Total sulfur
dioxide and total suspended particulate releasea from L-Reactor restart will add
less than 1 gram per cubic ~eter each.

5.1 .1.4 Water usage

Surface water

Only minor amounts of surface water will be used by SKF facilities to sup-
port L-Reactor operation, because ground water will be the principal source of
process water at.these facilities. It is estimated that the K-Reactor steam

plant will require about 0.005 cubic meter per second additional water from the
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Savannah River to produce steam for L-Reactor (Du Pent, 1981b). Sections 4.1
and 4.4.2 descrik surface~ater use for L-Reactor; Section 5.2 deacribea cumu-
lative surface-water use.

Ground water

Increment al ground-water pumping from the Tuacalooaa Formation, required to
support the resumption of L-Reactor operation, will occur in five areas on the
SRP: K-Area (steam plant), the central shops, and F-, ,H-, and M-Areas (Table
5-7 ). The incremental drawdowns listed in Table 5-6 represent the best esti-
mctes based on the recommended drawdown curve (Siple, 1967; Section F.4.2). At
F-Area, the incremental pumping will be about 1.13 cubic meters per minute.
After the F-Area powerhouse la placed in standby status in September 1984, the
total ground~ater withdrawal from the Tuacalooaa in F-Area’will be about 4.54

cubic mt ers per minute, including the inciement for L-Reactor. No incremental

pumping in support of L-Reactor is expected at H-, A-, and M-Areas, where water
conservation snd other operational procedures hsve bsen instituted. However, if
L-Reactor does not rastart, ground-water withdrawal at these facilities might
decrease by aa mch aa 25 percent. Ground~ater withdrawal by A-Area wells
could bs raduced by 1.1 cubic meters per minute when the wastewater from the
M-Area air strippar la used in the A-Araa powerhouse to augment the,process
water flow (Steele, 1983); this potential reduction la not considered in this
EIS .

The increment al withdrawal of water from the Tuacalooaa Formct ion at K-Area
will not affect the protection of the Ellenton and Tuscaloosa aquifers afforded
by the upward head differential bstween the Tuscaloosa and Congaree Formstlons .
In the Central Shops and F-Area, this head differential no longer exists at the
producing wells, and the downward head differential at these wells will bs in-
creaaed when the incremental pumping for L-Raact or starta. Increaaed pumping at

H-Area haa alao cauaed a downward head differential at H-Area wells . However,
the hydrostratigraphic properties of the overlying units will continue to offer
protection tn the Ellenton and Tuscaloosa aquifers at the pumping wells. At the
seepage basins the upward head differential between the Tuscaloosa and Congaree
Formstiona will be gradually reduced by drawdown to about 3.7 meters in F-Area.
In H-Area the head differential will becnme abut O.6 meter downward. The head

differential in the Central Shops Area will also bscome downward (Table 5-7).

In A- and M-Areas the hydroatratigraphic characteristics of the subsurface
materials are different from those in F- and H-Areas (Table F-1). In addition,
the downward head different ial between the Congaree and Tuscaloosa Formations
will be increased by about 0.75 meter at the M-Area seepage baain as the result
of increased pumping to support L-Reactor. This could increase the tendency for

contaminants already present in the ground water to move downward. As noted in

Appendix F, the ground-water aquifers beneath M-Area have received contaminants
centained in M-Area effluents. Current plans call for (1) establishing a series

of additional interceptor/recovery wells by August 1984 (Steele, 1983) to remove
these contaminant before they migrate offsite or into the Tuscaloosa Aquifer,
and (2) discontinuing the use of the M-Area settling baain by April 1985. An
extensive monitoring and cleanup program h= been initiated. Contaminants that

dght reach the Tuscaloosa Formation eventually would bs discharged to alluvium
in the Savannah River valley. After dilution and radioactive decay had occurred

along the travel path, these contaminants could be intercepted by some SRP pro-
duction wells.

AW- 1,
DA-8 ,
EN-2 4
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Table5-7. EstimatadL-Ffe~toreupprt incrmnt al y rend-waterusageardeffeetSa

Estimted
L-Reactor

1982 1983 increment Estimatedtotals
pwer ea or Orti t

m.
Locatinn

iffe:;ti~ p q;; ~m~i”)
wlk at basin(m) (m/mIn) y? ~m~i”) m Cmmnts

K-Area
(stBm-
plant)

Central
shnpsd

y

F-S6para-m
tiom
Area

2 7.6 1.13 3-5 0.14 <0.5 1.27 56 1.8 An upvardhed differentialwillexistat I,TC
wlb. This ati the hydrmtratigr~hti
propertiesof the fo-tiona will teti to
prdect the Ellentonad T~aloMa Fonna-
tiona francontminante agepi~ fim owr-
lyiq shallowgraundwaterIMits. K-Area
-epa~, coal,and a8h-ba8inefflmnts
re=hiq the shallowgrand waterwillbe
diwrted to outir~s aloq %n Bran~.

3 2.4 0.57 3-4 0.17 ~0.6 0.74 <5 2.7 A dounwrd hed differentialwillexistat ITC
wellsad bneath basim. Thehydro-
atratigrphicpr~etiieaof the formattim
willtendta ~otect the Ellentonand Tusca-
lornaFonnatiom framcontaninantaSeEPiW
km o~rlyingshallowground-rnterwits.

6 1.6 3.41e <6.5 1.13 1.1 6.17 ~8 3.9 k u~ard hed differentialwillbe pr~ent I,TC
at nils, but an u~ard differentialwillbe
Pre=nt teneaththe seepap b~irm. The
hydrrntratigr~hScpr~ertiw of the forma.
tionawilltet-dlto potect the Ellentnnand
Tmaloma Fonnatinmfrancontaminants
~WiW fi~ Owrlyig shallowground-inter
units. Se~age, coalard mh-basin efflu-
entswillbe diwfied to mtcr~s alongFou
MileCreek.

7.19 ~9 1.80 0.90 7.19 ~9 3.6 b u~ard bad differentialis ~eaent at ITC
mlla or seepagebasim. Thehydcrntrati-
gr~hic prqertim of tk fonnatiomwill
tendto pr~ect the Ellentonand Tuwaloma
fonnatiotmfrm cent.aninantsea~iq frm
owrlyingshallow@ound.wter mits. Se~-
age,coalad ash-basinefflmtis will&
dimrted to outirqs alongFourMileCreek.

H-SePar- 5
?
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Table5-7. bt imatedL-Reactorsupportincrementalground-waterusageandeffectsa(centinued)

Estimated
L-Reactor

1982 1983 increment Estimatedtotals
tlpwardhead Draw- Draw- t

No.
Lwation ‘iffere”t’al b ‘~b (~~i”) ‘~b (~~i”) =walls at basin(m) (m/mIn)

M-Fuel/ 4 -5.5 6.81 <8 1.70 D.75 6.87 <8
Target

3.D A domward headdifferentialexistsin the

Fabrica- r
nei borhoodof A- andM-Areas,andimpor-
tan claylayereare absentin thislocal-

tions ity. TheEllentonand TuscaloosaFormations
Area9 havereceivedcontanintecontain-din M-Area

effluentsviawellswithfaultyconstruc-
tion. Pu~in fromA-Areaw118 (hich

7supplyM-Area hasthe potentialfor in-
creasingcentaminationof theseaquifers.
No offsitecontaminationhasoccurredand
noneis likelyto occurin the foreseeable
future. Underpresentplans,useof the
M-Areasettlingbasinwillbe di~ontinued
in 1985.

TotalL-Reactorincrement. 4.94m3/min

a1983conditionsand incrementaleffectsbasedon informetionpresentedin AppendixF and Siple(1967).
b~t~ated drawdownnearthe centerof coneof depressionof punpingwll, includingeffectsfra’motherp~ping areaaandne91eCt-

ing well entrancelosses.
cUpwardheaddifferentialbetweenthe Tuscaloosa(higherpressure)andCongaree(lowerpressure)Formationsin’metersof water.
dGrN”d_water“sage basedon TableF-1D in &pendix F; incrementalusagetakeas 1/3CUrI’enkusage.
‘Usagein 1984afterF-Areapowerhouseis placedin standbystatus.
fGro””d-wterUeageis “otexpectedto increaseto accommodateL-Reactor;however,if L-Reactordoesnot restart,ground-neter

wit~rawalratesmightdecreaseas ~ch as 25 percent.
9Gro””d-wat~r “sageis notexpectedto incr~aseto accommodateL-Reactor,becausefuelandtargetassmbliesarebeingmanufac-

turedin M-Areathatcouldbe usedin L-Reactor.ThewallfieldproducingwaterforM-Areais in A-Area(seeFigureF-37). If
L-Reactordoes not restart,withdrawalrates mi@t decreaseby as much as 25 percent. ITC
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Ground-water flow in the Tertiary ground-water system below M-Area is also
away from the nearest site boundary and toward the Savannah River (Section
F.2.3.2 and Figure F-26; Du Pent, 1982). More recent water-level measurements

indicate that the flow direction in the M-Area Tertiary ground-water system is
to the south in the lower part of tbe system; the dotinant flow direction in the
overlying water-table aquifer is to the west-southwest.

The 1985 projected ground-water consumption from the Tuscaloosa at SRP,
including that in support of L-Reactor [0.94 at L-Area + 4.94 total incremental

(Table 5-7) = 5.9 cubic meters per minute ], is estimated to be 25.4 cubic meters
per tinute. This represents a 7-percent increase over the 1982 SRF withdrawal
from the Tuscaloosa of 23.8 cubic meters per minute, but a 6-percent decrease
from the 1983 withdrawal rate of 27.0 cubic inters per minute (Tables 5-7 and
F-10).

Computer modeling by Marine and Routt (1975) indicated that the ground-
water flux in the aquifer Is about 110 cubic rceters per tinute throughout a
study area that includes SRF and nearby users (Figures F-25 and F–31 ). The cur-
rent ground-water flux through this study area is estimated conservatively to be
51 cubic meters per minute, which is the lower bound estimate. This flux esti-
mate compares with the projected withdrawal rate of about 36.9 cubic wters per
minute (11.5 for neighboring offsite users + 25.4 projected SRF usage, including
L-Area and support facility incremental use; see Section 5.2.3 for a discussion
of cumulative ground-water withdrawal). The SRF projected pumpage rate of 25.4

cubic ~tera per minute compares with 37.8 cubic wters per minute, which Siple
(1967) concluded could be pumped at the SRP with no adverse effects on the pump-
ing capabilities of existing 1960 wells, particularly additional wells if spaced

to tinimize interference between wells. In 1960, SRP pumpage from the Tusca-
loosa was about 18.9 cubic rasters per minute (Siple, 1967).

Calculation were performed to evaluate the relationship between ground-

water withdrawal and water levels in the Tuscaloosa Aquifer (see Section
F.4.2). They showed that water levels in municipal wells near SRP would
decrease slightly (O.0 to O.4 meter) from the 1982 level when pumping at SRP
increases (after September 1984) to 25.4 cubic meters per minute (which includes

pumping at L-Area. and incremental pumping in support of L-Reactor operations).
Table 5-8 lists the declines calculated for wells near SRP. These drawdowns
reflect rapid (about 100 daya; Mayer et al ., 1973) adjustments in equilibrium
levels rather than aquifer depletion. These declines , calculated for munic-
ipalities and other users that would probably experience the greatest impacts
from pumping at SRP, are less than half the increase in water levels experienced
in Tuscaloosa wells in 1973 in response to an appreciable increase in water pre-

cipitation (see Figure 3-11) . Long-term cyclic changes of 2 ~ters have been
observed in water levels of the T“acalooaa Aquifer in wells near SRF (see Figure
F-12). In addition, drawdown calculations showed that the declines in water
levels at monitoring wells P7A, P54, and P3A since 1974 were related primarily
to increased ground-water withdrawal at SRP. Because pumpage will be relatively
stable over the next 6 years (see Section 5.2.3), the O.16-meter-per-year
decrease reflected in monitoring well P7A (Figure 3-11) is expected to be
arrested (equilibrium water levels are not expected to change appreciably) .

The withdrawal of ground water from the Tuscaloosa Aquifer in support of

L-Reactor operation is not expected to affect the quality of water.
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Table 5-8. Decline in Tuscaloosa Aquifer water levels due to pumping
at all SRF facilitiesa>bsc

Equilibrium declines in water levels from
1982 levels (meters)

Incremental pumping Cumulative pumping
Off site Location (25.4 m3/min) (26.5 m3/min)

Beach Island <<0.1 <<0.1

New Ellenton <0.1 <0.1

Tala’tha 0.1 0.1

Jackson 0.4 0.4

SRP boundary 0.4

OPPOsite A-Area

0.4

Willinaton <<0.1 <<0.1

Barnwell NFP <0.1 <0.1

aCompariaon ~de to conditions in May and June 1982 using average
withdrawal rates at SRP for 1982 (23.8 cubic meters per tinute).

bcalc”lations were made using the leaky aquife,r mdel (Sfple, 1967)

discussed in Section F.4.2.
cTheae drawdowns from incremental and cumulative pumping will occur

rapidly; near-equilibrium levels are expected in about 100 days. They have
about the same magnitude as changes in water levels in response to short-term
changes in winter precipitation (Figure 3-11). Long-term cyclic changes in
Tuscaloosa Aquifer water levels of 2 meters have been observed in wells in the

SRP area (Figure F-12).

In conclusion, the incremental ground-water withdrawal frnm the Tuscaloosa
Aquifer in support of L-Reactor operation (about 4.94 cubic meters per udnute)
is expected to have little (leas than 0.4 meter) impact on offsite water
levels. Beneath tbe Central Shopa and H-Area bxsins, the head dlfferential

between the Tuscaloosa and Congaree is expected to becou do~”ard; the differ-
ential in A- and M-Areas Is expected to become increasingly downward. However,

the green clay has a very low permeability and appears to k an effective
barrier to the downward migration of pollutants wherever it is present on SRP.
The lower Congaree and upper Ellenton clay units act as similar barriers for the
Tuscaloosa Aquifer.

-1,
-8,
.24
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5.1.2 Radiological effects of support facilities

BH-

The resumption of L-Reactor operation will result in an increase of about

33 percent in ~adioactive discharges from the support facilities (i.e., central
shops area, heavy-water area, fuel fabrication area, and the separations areas ).

Releases from support facilities associated with L-Reactor operation will build
up gradually; during the first year of L-Reactor operation they will be less
than 50 percent of the equilibrium values in succeeding years. However, for the

purpose of the presant analysis, it is assumed that first-year releasea are
equal to the expected equilibrium annual average releases. This section charac-
terizes the radioactive releases from support facilities and preaenta the radio-
logical impact of the raleases on the maximally exposed individual and on popu-
lation groups. Appendix B contains tha ~thodology of the calculations and
detailed dose results, including tables that provide the doses by age groups,
organs, and pathways.

5.1.2.1 Liquid releases

Liquid radioactive releases till increase from the chetical separations

areas, the fuel fabrication area, the heavy-water rawork area, and the central
shops area as a result of the resumption of L-Reactor operation. Tablas 5-9,
5-10, and 5-11 list the expected annual average incremental increasea in liquid
releases from support facilities to surface streams, to seepaga basins, and to
surface water from the seepage basins, respectively. The values listed for the
releases from these areaa to surfaca streams and seepage basina are based on tha
average releases from the areas for 1978, 1979, and 1980, which wera associated
with the operation of three reactors. Since the mid-1950a, SRP has discharged
large volumes of liquids containing low levels of radioactivity to the F-, H-,

and M-Area seepaga baains. The seepage basin soils have retained some of tbe
components in the process wastewaters; others have entered the shallow ground-
water systam and are migrating to outcrop zones along Four Mile Creek (Fenimore

and Horton, 1972; Marter, 1977). Tha udgration of L-Reactor-related radioactiv-
ity from seepage basins to surface streama will occur approximately b years

after initial discharge to the basins.

5.1.2.2 Atmospheric releases

The restart and operation of L-Reactor will increase the releaae of radlo-
nuclides to tha atmosphere from the chetical separation areas, the fuel fabrica-

tion area, and tha heavy-water rework area. Table 5-12 lists the annual aver-
age Incremental increase In releases of radioactivity to the atmosphere frOm
L–Reactor support facilities. These incremental releasea are baaed on the ann-
ual average release for these facili ties for three reactor operation for 1978,

1979, and 1980.
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Table 5-9. Estimated incremental releases of radionuclides to
eurface streams due to operation of L-Reactor
support facilities (curies per year)

Fuel

Separations areas fabrication Heavy-water
Radionuclide (F&H) area (M) rework area (D) Total

H-3 3.9 x 101 -- 5.2 X 102 5.6 X 102
Sr-89, 90a 5.8 X 10-2 -- 3.5 x 10-3 6.2 X 10-2
CS-134, 137 1.9 x 10-2 -- 8.0 X 10-5 1.9 x 10-2
U-235 — 5.0 x 10-’2 -- 5.0 x 10-2
Pu-239a 2.9 X 10-3 -- 7.0 x 10-6 2.9 X 10-3

aUnidentif ied beta-gaw releases are assumed to be Sr-90; unidentified

alpha releases are assumed to be Pu-239.

Table 5-10. Incremental radionuclide releases to seepage basins from
support facilitiesa (curies per year)

Separations Fuel fabrication Central
Isotope area (F6H) area (M) shop (CS) Total

H-3b 5.7 x 103 -- 2.0 x 10-1 5.7 x 103
Cr-51 3.6 X 10-1 -- -- 3.6 X 10-1
Co-58 , 60 5.4 x 10-2 -- 3.0 x 10-6 5.4 x 10-’2
Zn-65 3.0 x 10-2 -- -- 3.0 x 10-’2
Sr-89, 90 5.9 x 10-1 -- 1.0 X 10-6 5.9 x 10-1
Nb-95 8.2 X 10-1 -- -- 8.2 X 10-1
Zr-95 1.3 -- -- 1.3
Ru-103, 106 9.9 -- -- 9.9
Sb-124, 125 1.1 x 10-2 -- -- 1.1 x 10-2
1-131 1.3 x 10-’2 -- -- 1.3 x 10-2
CS-134, 137 2.4 — 1.0 X 10-6 2.4

Ce-141, 144 3.0 -- --

PM-147
3.0

1.2 x 10-1 -- --

Am-241, 243

1.2 x 10-1
3.3 x 10-2 -- --

Cm-242, 244
3.3 x 10-2

1.0 x 10-3 -- -- 1.0 x 10-3
U-235, 238 7.3 x 10–2 3.5 x 10-2 —- 1.1 x 10-1
Pu-238, 239 2.2 x 10-2 -- -- 2.2 x 10-2
Other beta, 9.3 x 10-2 -- 5.0 x 10-6 9.3 x 10-’2

gammac
Other alphac -- -— 3.0 x 10-7 3.0 x 10-7

aAdapted from Du Pent (1982a).
bThirty percent of tritium is assumed to evaporate and be released to

ITC

the atmosphere at ground level.
cFor calculational purposes, unidentified beta-gamma releaees were

assumed to be Sr-90; unidentified alpha releases were assumed to be Pu-239.
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Table 5-11. Estimsted incremental releaaes of radionuclides to
streams from seepage basins due to operation of
support facilities (curies per year)

Fuel
Central fabrication Separations

Radionuclide shops areaa araab (M) areasc (F&H) Total

H-3 1.7 x 10-1 --d 3.2 X 103 3.2 X 103
CO-60 1.9 x 10-6 -- 3.3 x 10-2 3.3 x 10-2
Zn-65 -- -- 5.8 X 10-4 5.8 X 10-4
RU-106 -- .- 6.9 X 10-1 6.9 X 10-1
Sb-125 -- -- 4.2 X 10-3 4.2 X 10-3

Ce-144 -- -- 1.0 x 10-1

Fm-147

1.0 x 10-1
-- -- 4.4 x 10-2 4.4 x 10-2

aConservatively estimted travel time to outcrop equals 3.3 years.
bonly ~ranIum isotopes will be released to this basin (see Table 5-10).

Due to their adsorption on soils, they M 11 not bs discharged from the ground
water during L-Reactor operation.

cTravel times to outcrop from F- and H-Areas are 6.7 and 1.1 to 3.8

years, respectively. For calculational purposes, the travel time was assumsd
to be 3.8 years from both areas.

dNot detectable.

5.1 .2.3 Dose commitments from L-Reactor support facilities operations

Maximum individual dose from liquid releases

The total-body dose to the maximally exposed individual from liquid ef-

fluents from the operation of tba L-Reactor support facilities was calculated to
be 0.022 millirem to an adult in the first year of operation and 0.050 ud.llirem
in the tenth year (after seepage-basin contributions start) . me IMxim”m organ
dose was calculated to bs 0.18 udllirem to a child’s bone in both the first and
tenth years.

Population dose from liquid releases

The total-body dose due to liquid releases from L-Reactor support facili-

ties to the population within 80 kilometers of the Savannah River Plant was cal-
culated to be 0.044 person-rem in the first year and 0.048 person-rem in the
tenth year. The bone dose was 0.25 person-rem in both the first and tenth
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Table 5-12. Estimated incremental annual average releases of radio-

nuclides to the atmosphere from operation of L-Reactor
support facilities (curies per year)

Separations Fuel-fabrication Heavy-water
Radioisotope areas (F&H) area (M) area (D) Total

NOBLS GASES

Kr-85
Xa-131m
Xe-133

H-3
C-14
Sr-90c
Zr-95
Nb-95
Ru-103
RU-106
1-129
1-131
CS-134
CS-137
Ce-141
Ce-144
U-235
U-238
Pu-238

PU-239C
h-24 1
Cm-244

2.0 x 105
1.9
1.0 x 10-1

8.6 x 103
8.0
1.7 x 10-3
6.0 X 10-3
1.2 x 10-2
1.2 x 10-3
2.8 X 10-2
7.0 x 10-2
1.7 x 10-2
1.1 x 10-4
1.2 x 10-3
8.0 X 10-5
8.0 X 10-3
1.7 x 10-3

--

1.9 x 10-3
2.7 X 10-4
3.9 x 10-4
3.5 x 10-4

-- b
--
—

OTHER A2RBORNE

--
—
--
--
--
—
—
--
—
--
--
--
--
--

8.6 x 10-7
—

2.6 X 10-6
--
—

—
—
--

7.9 x 102
--
--
--
--
--
--
--
--
--
--
--
—
--
—
--
—
--
—

2.0 x 105
1.9
1.0 x 10-1

9.4 x 103
8.0
1.7 x 10-3
6.0 X 10-3
1.2 x 10-2
1.2 x 10-3
2.8 X 10-2
7.0 x 10-2
1.7 x 10-2
1.1 x 10-4
1.2 x 10-3
8.0 X 10-5
8.0 X 10-3
1.7 x 10-3
8.6 x 10-7
1.9 x 10-3
2.7 X 10-4
3.9 x 10-4
3.5 x 10-4

aAdapted from Du Pent (1982a).
bNot detectable.

cUnidentif ied beta, gama releases are asaumed to be Sr-90; unidentified

alpha releases are assuwd to be Pu-239.

ITE
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years. The corresponding incremental total-body dose to the population consum-
ing river water at the Port Wentworth and Beaufort-Jasper water treatment planta
was calculated to he 0.95 person-rem in the firat year and 5.3 person-rem in the
tenth year. The bone dose was 7.9 person-rem in both the first and tenth yeara.

Maximum individual dose from atmospheric releasea

The individual who would receive the higheat dose from atmospheric relaaaea

from L-Reactor support facilities waa assumed to reside continuously on the SRP
boundary. The location on the site boundary where this individual resides waa

selected as the one where the total maximum offaite doses from L-Reactor and
support operations are predicted to occur. The total-body dose to the maximum

individual from support facility operations waa calculated to be 0.074 millirem
to a child in the first year and O .022 tillirem in the tenth year. More than 75
percent of the total-body dose Is from tritium; the major dose pathwaya are the
ingestion of vegetablea and milk. The maximum organ dose was calculated to be

0.56 millirem to an adult ‘a thyroid in the first year and 0.62 millirem in the
tenth year. Iodine-129 contributes more than 90 percent of these dosea; the
ingestion of vegetables and milk are the major dose pathwaya.

Population dose from atmospheric releaaes

The incremental total-body dose to the population within 80 kilometers of
the Savannah River Plant due to L-Reactor support facilities was calculated to

‘be 2.8 person-rem in both the first and tenth years . More than 70 percent of
the total-body dose is from tritium. Inhalation and the ingestion of vegata-
blea are the major dose pathways. The highest organ do$ea were 96 person-rem to
the thyroid and 27 person-rem to the skin. More than 95 percent of the thyroid
dose is from iodine-129 with the Ingestion of vegetables being the domfnant dose
pathway; more than 90 percent of the skin dose ia from krypton-85 via exposure

to the plume of released radioactivity.

5.1.2.4 .Su~ry - offsite dose commitments from support facility operation

Table 5-13 summarize the maximum individual dose and population dose from

L-Reactor support facilities. The numbers listed as totals for individual and
population doses are conservative uxinuma ; to re=ei”e these doses, the
“composite” individual (or population) would have to occupy several locations
simultaneously.

The composite mSXimLIm individual dose of 0.087 millirem in the firat year

and 0.072 millirem in the tenth year is l~SS than 1).1 percent of the average
dose of 93 millirem (Du Pent, 1982a) received by an individual living near the
SRP sfte from natural sources. The doses this individual receives are well
below DOE protection @ide~ of 500 ~Ilirem to the total body a“d 1500 ~llirem

tO Other organs (DoE, 1981). The maximum population dose of 8.1 person-rem
(tenth year ) ia about 0.007 percent of the dose of about 109,000 person-rem to

the population living within 81Jkilometers of the Savannah River Plant and the
Beaufort-Jasper and Port Wentworth drinking water population from natural radia-
tinn sources.
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Table 5-13. Summary of total-body dose commitments
from L-Reactor support facility operation

Source of exposure
lat year 10th year

Adult Child Adult Child

MAXIMUM INDIVIDUAL DOSE (millirem per year)

Atmospheric releaaesa 0.050 0.074 0.015 0.022
Liquid releasea 0.022 0.013 0.050 0.050

Tot al 0.072 0.087 0.065 0.072

Dose within 80 kilo- Port Wentworth and

meters of SRP Beaufort-Jasper doses
Source of exposure lat year 10th year 1st year 10th year

REGIONAL POPULATION DOSE (person-rem per year)

Atmospheric releases 2.8 2.8 -. --

Liquid releases 0.044 0.048 0.95 5.3—

Total 2.8 2.8 0.95 5.3

.aThe location of the maximum individual is where the receptor
receives the largest total dose from the L-Reactor plus its sup-
port facilities; because of the increase in tritium releaaea from
L-Reactor until equilibrium is reached, this location ia different
in the firat and tenth years.

5.1.2.5 Health effects of support facilitiea operations

Risk eatimstora used to project health effects were 120 cancera and 257

genetic effects per 1,000,000 person-rem exposure to the population. Using
these estimators and the valuea for regional doses (Table 5-13), the radiation-
fnduced health effects that tight occur eventually as a result of operation of
support facilities for L-Reactor (from atmospheric and liquid releaaea ) include
a maximum of 0.0004 excess cancer fatality and 0.0007 additional genetic dis-
order in the population within 80 kilometers of the Savannah River Plant from
relaases occurring in the first or tenth year of operation. Health effects that

might eventually occur in the downstream Savannah River water-consuting popula-
tions of Port Wentworth and Beaufort-Jaaper include a maximum of 0.0003 and
0.0007 fatal cancer as a result of releaaes in the first and tenth yeara, re-
spectively. The maximum incidence of genetic disorders to these population

would be 0.0002 and 0.001 as a result of first- and tenth-year releaaes,
respectively.

CT-1
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5.1.2.6 Occupational dose

The operation of L-Reactor support facilities is expected to cause an in-

cremental dose increase of about 291 person-rem in the total onsite occupational
dose. The total expected occupational dose from operation of L-Reactor snd ita

support facilities ia 360 person-rem (i.e., 69 person-rem for L-Reactor and 291
person-rem from support facilities ).

5.1 .2.7 Suuunsry - offsite dose cotitment from operation of L-Reactor and ita
support facilities

Table 5-14 aummsrizes the maximum individual and population
release of radioactive msterials from L-Reactor (reference case)
facilities. The dosea listed as totals for both individuals and
conservative msximums, as explained in Section 5.1.2.4.

dose from
and its support
populations are

The composite mximum individual dose of 3.6 millirem in the firat year of

operations is about 26 times less than the average dose of 93 millirem per year
received by an individual living near SRP from natural radiation. The tOtal-
body dose to both the 80-kilometer and downstream river-water-consuming popula-
tions of 36 person-rem (tenth year) is less than 0.03 percent of the approxi-
mately 109,000 person-rem received by ths 80-kilometer and the downstream
river-wat er-conaudng populat ion from natural background radiation sources.

In 1982, radiation exposure rates from 0.14 to 1.09 milliroentgen per day

were meaaured in the uninhabited, privately owned reek Plantation Swamp to the
southeast of the SRP boundary (Du Pent, 1983a) . These exposure are the
result of.radioceaium deposition in the swamp, principally during tbe 1960a.
The current inventnry of radincesium in Creek Plantation Swamp is esti~ted to

be about 21 curies. Approximately 6 yeara aftar resumed L-Reactor operation,
the inventory WI11 raach a maximum of about 23 c“ries (Appendix D). In the ex-
tremely unlikely event that a person should stay in Creek Plantation Swa~ for
an entire year, he would receive, nn the average, an additional total-body dose
of approximately 106 ● 22 millirem based on the distribution of radiocesiuro in
the swamp (Hayea, 1982). This situation is not considered credible.

The population dosea described above are received by the regional popula-

tion. Certain radionuclidea, primarily tritium, carbon-14, krypton-85, and
iodine-129, can be transported through the atmosphere for long distancea and can
result in doses to the rest of the U.S. population. Most radionuclides in
particulate form are deposited in the reginnal area.

The 100-year environmental dose cotitment to the U.S. population beyond 80

kilometers of SHY from the four main radionuclides identified above is sum-
marized in Appendix B. The aum of the doaea to the total body frnm first- and
tenth-year operation is about 25 and 48 person-rem, respectively; an additional
1.7 perann-rem to the thyroid will result from iodine-129 releaaea during first
nr tentb-year operation.

The radiatinn-induced health effecta that might bs caused in the U.S.

population by the operation of L-Reactor and ita eupport facilities hsve been

5-28



Table 5-14. Summary of msximum individual and regional
population total-body dose from the operation
of L-Reactor and SRP support facilities for the
reference case

Source of exposure First year Tenth year

MAXIMOM INDIVIDUAL ADULT DOSE (millirem per year)

Atmospheric releaaes 0.10 0.23
Liquid releases 0.029 0.14
Radiocea ium tranaport 3.5 0.31

Total 3.6 0.68

Dose within 80 kilo- Fort Wentworth and
meters of SRF Beaufort-Jaaper doses

Source of exposure First year 10th year First year 10th year

REGIONAL POPULATION DOSE (person-rem per year )

Atmospheric releaaes 5.8 16.3
Liquid releaaea 0.053 0.066 1.7 18.5
Radiocesium tranaport 9.0 0.80 0.80 0.067

Total 14.9 17.2 2.5 18.6

analyzed by the msthods described in the BEIR III Report (NAS, 1980). The esti-
msted health effects due to the first year of L-Reactor and support facilities
operations would be about 0.003 premature cancer death and 0.006 genetic dis-
order; releases during the tenth year of operation would eventually cause about
0.006 premsture cancer death and 0.01 genetic disorder.

5.1.2.8 Waste-management operations

Currently, 50 of the 51 large subsurface tanks (Tank 16 is being decommia-
aioned) ara used to store the high-level radioactive wastes generated by the SRP
chemical separations facilities (F- and H-Areas ). Four types of waste tanks are

being uaad to store high-level waste (HLW) (ERDA, 1977). All freshly generated
HLW will be processed and stored in Type 111 tanks, which consist of a tank
within a tank; the space bstween the inner and outer walls ia monitored to de-
tect any leaks in the inner wall so corrective action can be taken. The safety

and potential environmental risk of constructing and operating tbe SW Type IV BH-6

tanka are discussed in tba environmental impact statemsnt prapared for the use
of double=all storage tanks (DOE, 1980).
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Incremental processing by the chemical separations facilities as a result

of L-Reactor operation will generate 1150 tn 2300 cubic meters of liquid waste
per year. This vnlume of waste till b concentrated to 380 to 760 cubic meters
per year. With this additional volums of waste, a maximum of three tanks per

decade nf L-Reactor operation wnuld be required, two for fresh waste and one for

concentrated waste. However, because the Dafenae Waste Processing Facility is

expected to b= immobilizing SRF high-level waste into borosilicate glaaa by
1989, no new high-level waste tanks are actually expected to bs required for
L-Reactor operation. The volume of high-level radioactive waste to be generated

by chemical processing of L-Reactor material waa considered in the Dafense Waate
Processing Facility EIS (DOE, 1982a).

Operation of the L-Reactor will result in the generation of about 570 cubic
meters of low-level and transuranic radioactive solid waste annually from the
reactor itself and about 5700 cubic meters, containing about 86,000 curies of
radioactivity, from the fuel fabrication and fuel reprocessing areas.

The low-level solid waste from the reactor operation contains bnth fission
products and induced activity. This waate is generated during maintenance work

on pipes, valves, instruments, and other reactor components; by the accumulation

of radionuclides on the filters for the cooling-water basin; and by the partial
disassembly of fuel, target, and control-rod assemblies before they are trans-
ported to the fuel reprocessing areas. Solid waste from the reactor consists of
stainless-steel end fittings on fuel and target components, aluminum housing
tubes, and other miscellaneous reactor parts, including contaminated work cloth-
ing and plastic suits.

Work clothing, plestic suits, and other itetus of a sitilar nature are nack-

aged in boxes and sealed before their disposal in the SRP Burial Ground. The
highly radioactive stainless steel and aluminum parts are placed in shielded
casks before transport. The Burial Grnund is a 195-acre area near the center
SRP between the F- and H-Separations Areas. At present, about 17,000 cubic
meters of snlid waste containing 260,000 curies of activity is added to the
Burial Grnund each year. After L-Reactor restart, the expected input will
increase gradually to about 22,650 cubic mtera snd 350,000 curies of radio-
activity per year.

of

The offsite radiological effects of high-level liquid and solid wastes will

be mgligible. (Additional informatinn on the SRP waste uisnagament operation,
including the disposal of SRP high-level and low-level radioactive waste. is

BH-6
contained in the follnwing referencee: ~E,
II; and ERDA, 1977.)

I 5.1.2.9Accident risks in non-reactor faci

... —-
1980, 1982a; h Pent, 1983c, Volume

Itl.es

The restimptiOn Of L-ReactOr operation “ill increase the material throughput
AB-10,

in bth the chemical processing (200-Area) and the fuel fabrication (300-Area)
DA-34 reactor support facilities. Because these facilities were designed to support

five production reactora, nn changes in the nature of the operations or in their
SiZe are required to accO~odate L-React Or.
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The consequences of accidents are defined by the inventory of radioactive
Wterial in proceaa and available for releaae at any one time; becauae these
q~ntities till not be changed appreciably by the resumption of L-Reactor opera-
tion, no change in accident typea or conaeq”ences will result.

The frequency of accidents is related to the material throughput (i.e. ,
increasing the number of hours these facilities operate at full capacity
Increases the likelihood of accidents occurring). The resumption of L-Reactor
operation will increase those frequencies by no mre than 33 percent (resulting
from the Increaae in the number of operating reactora from three to four), with
a correep,on,dlpg~ximum percentage increase in the present risk (consequence x
frequency), exclusive of risks from tritium releasea (because L-Reactor will
pro~uce only plutonium).

As-lo,
DA-3.4

The mat probable incremental risks from accidenta at the L-Reactor support
facilities are very nearly equivalent to the incremental impacts from the normal
operation of these facilities. The doses from the normal operation of L-Reactor
support facilities are listed in Tables B-15 through B-17 (for atmospheric re-
leases ) and Tables B-30 through B-33 (for liquid releasea). Based on these
data, risk to an individual would total about O. 1 millirem per year to the total
body and 0.5 millirem per year to the thyroid; population risks total about 8
person-rem per year to the total body and about 100 person-rem to the thyroid.

5.1.3 Preferred alternativea*

The preferred mitigation alternatives for the restart of L-Reactor, which
are described in Sections 4.4 and 4.5, include the following:

● Safety systems -- operate L-Reactor with the present confinement system,
which conaista of a series of filters through which air ia exhausted
from the reactor building to a tall stack.

● Cooling water -- The preferred cooling-water alternative of the Depart-
mnt of Energy is to construct a 1000-acre lake before L-Reactor resumes
operation, to redesign the reactor outfall, and to operate L-Reactor in
a way that assures a balanced biological community in the lake as speci-
fied in an NPDES permit to be iaaued by the State of South Carolina.
The lake will require an anticipated minimum period of 3 to 5 years to
establish and develop a balanced biological community. Initially,
L-Reactor will be operated to maintain 32.2°C or less in about 50 per-
cent nf the lake. Studies will be conducted to confirm the biological
characteristics and the cooling effectiveness of the lake. Following

the results of these studies, L-Reactor operations will be adjuated as
necessary to aasure the continued maintenance of a balanced biological
community.

● Disassembly-baain water disposal -- purge disassembly-basin water to
the existing L-Reactor seepage basin after deionization and filtration;

*Because this section ia new, vertical change bars are not necessary.
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continue to study the detritiation of reactor mnderator for all SRP
reactors.

● 186-Basin sludge removal -- flush the 18b-basin sludge (batch discharge)
to the process sewer and eventually to Steel Creek after L-Reactor has
been shut don and the basin drained; monitor the discharge from the
process sewer for total suspended particulate during the flushing in
accordance with the NPDES permit; report the findings to SCDRRC after 1

year of resumed operation.

Tbe preferred alternatives will not cause any incremental impacts other

than those described in Sectinn 5.1. These impacts are summarized below. Where

appropriate, the summaries have been mdlfied to reflect changes resulting from
interactions between L-Reactor and incremental impacts.

The preferred cooling-water alternative wi11 cause only minor impacts to

other facilities on SRP. These include the sale ,of timber, the relocation/

abandonment of roads, and the relocation of two transtissinn lines (see Section
4.4.2). The sale, cutting, and removal of n!arketable timber in the area of the

cooling pond on Steel Creek will ba administered by the U.S. Forest Service.
This will increase revenues from timber sales, but the conling lake will prevent
the reforesting of about 775 acres of uplands. The tie-in of the relocated

115-kilnvolt power transmission line till require the ehutdown of P-fbractor fnr

a short period. However, the tie-in is expected during a scheduled raactor

shutdown as part of routine operation; no special shutdown should bs required.

5.1 .3.1 Socioeconomic

Approximately 160 employees are expected to be hired by 1984 for existing
SRF facilities in support of the resumption of’L-Reactor operation. About half
have already been hired. In addition, approximately 550 construction personnel
will be required for the construction of the cooling lake. Because the number
of additional employees to & hired is less than 4 percent of the SRP labor
force, and because the inmoving population associated with the potential 330
additional employees is less than 0.1 percent of the indigenous population in
the six-county area, no impacts on local communities or services is expected.

5.1.3.2 Nonradioactive effluent discharge

Discharge to seepage basins

Nonradioactive effluents generated in operations involving radioactive
materials will be discharged to seepage basins in F-, H-, and M-Areas (Table
5-2 ). The present discharges to the F- and H-Area seepage basins are not
hazardous (under RCRA) except for frequent periods of low pH and infrequent
discharges of hazardnus levels nf mercu~ and chromium. The mercury levels are
associated with the processing of onsite reactor prnducts and radioactive wa8te

~nagement activities; the chromium levels are associated with the processing of
offsite fuels, radioactive waste management, and the removal of oxide from
onsite target elements. The incremental increases to the F- and H-Area seepage
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basins from the operation of L-Reactor are not expected to be hazardous except
for low pH and occasional discharges of mercury (H-Area only). Effluent dis-
charged to the M-Area seepage baain frequently maets the RCRA definition of haz-
ardous waate because of pH. Typically, the waste stream contains 1,1,l-trich-

loroethane, but not at levels considered to be hazardous.

The projected L-Reactor incremental liquid releaaes to the Separations
Areas will be 0.04 cubic meter per minute to the F-Area seepage basina and 0.09
cubic wter per tinute to H-Area baaina . The chemicals in these releases are
expected to increase the concentration of constituents in the contaminant plume
by about 7 percent (Table 5-1). The water quality of Four Mle Creek will bs
degraded as the ground water flows into the creek through seepline springs in
low-lying wetland areas . Concentrations of constituents in the creek water will
be increased by about 7 percent. However, drinking-water standards will not be
exceeded and the quality of the creek water is expected to k similar to that of
the Savannah River below the outfall of C-Reactor.

The green clay has effectively protected the Congaree Formation from con-

taminants releaaed to the seepage basina in the Separations Areas and is
expected to continue to protect the Congaree when L-Reactor is restarted. The

thick, low-permeabi 11ty clay units of the lower Congaree and upper Ellenton
Formations will remain effective confining units for the Tuscaloosa, and incre-
mental releases to the Separations Area seepage basine are not expected to
contaminate the ground water within this formation.

The L-Reactor incremental liquid releaaes projected for late 1984 to the
Fuel and Target Fabrication Area seepage basin amount to 0.05 cubic mater per
minute. By the tim of the expected L-Reactor restart (early 1985), the I/R
well system would have been operational for about 4 months. Additional fuel and
target assemblies for L–Reactor are not expected to be produced until the
Waatewater-treatment facility is operational in April 1985. Thus, there tight

be no incremental releasea to the seepage basin and Lost Lake. If fuel and
targets are produced, the small incremental discharges will have only a minor
and local effect on the contaminant levels in the Tertiary ground–water system

beneath the seepage areas; the effects will be dissipated during the protracted
period of seepage to the water table. The thick, low-permeability clay unite of

the lower Congaree and upper Ellenton Formations will remain effective confining
units for the Tuscaloosa, and incremental releaees to the M-Area basin are not

likely to contaminate the ground water within this formation. However, the A-
and M-Areas ground-water remedial action project is scheduled to be operating by
August 1984. The I/R wells, which will have a capacity of at least 12.5 times
the incremental release, are expected to intercept seepage from the basin and
Lost Lake areas when it reaches the water table in about 10 to 17 years. The
I/R system is expected to counter any tendency for increased downward migration
of contaminants resulting from L-Reactor incremental pumping. Use of the M-Area

seepage basin is scheduled to bc discontinued by April 1985, when a waatewater-
treatment facility will be in service.

Ash basin

Additional discharges of coal ash will be sluiced (mixed with water and

discharged) to the K-Area ash basin for disposal as a result of the production
of steam for L-Reactor operation. The additional burning of coal will produce

aPPrOxi~telY 815 metric tOns Of ash per year, which will increase the K-Area
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steam-plant discharge to the ash basin by about 15 percent. Leachate from the

aah basin will enter the shallow ground-water ayatem of the Barnwell Formtion,
from which it will dgrate to pen Branch; little impact is anticipated.

Effluent treatment proceaaes

Alternatives to the discharge of proceaa wastewatera to the seepage basina
in the chemical aeparationa and fuel and target fabrication areas are being
investigated, with the intent that these seepage baains will be closed and
decommissioned (see Section F.6).

Releases to surface streams

The operation of L-Reactor will cauae an Incremental increase of about

one-third in the direct discharge of liquid effluent from the separations areas
to surface streams. As listed in Table 5-5, F-Area will discharge an additional

890 liters per udnute to Four Mile Creek; the incre~nt to Four f4ile Creek from
H-Area wi 11 be about 1040 liters per minute (Du Pent, 1982b). Table 5-5 alao
lists the expected concentrations of pollutant in tbe liquid effluents to these
streams and compares the concentrateions to applicable drinking-water standarda
or water-quality criteria.

At the outfall, these releasee are pertitted under NFDES and, except for
pH, are expected to meet SCDHEC water-quality standards for Clasa B atreama.

5.1.3.3 Atmospheric releaaea

Incremental impacta of nonradiological atmospheric pollutants will occur
becauae of the increased steam, electricityy, and other processes that L-Reactor
operation will require. However, these are not expected to cauae any violations
of regulations or air-quality standarda.

Nitrogen oxide (NOX) releaaes resulting from L-Reactor operation are
higher than other air pollutant emiaaion increases (Table 5-6). Overall,
L-Reactor restart will increase future SRP NOX etisaions by about 5 parcent.
Air emiseione permits for the F-, H-, and M-Area facilitlea have teen revised to
reflect process changes. Sulfur dioxide and total suspended particulate re-
leasea will add about 1 percent . Releaaea related to I.-Reactor operation till
contribute 1.1 microgram per cubic inter NOX to the ambient air at the SRP

boundary. Tbia compares to 15 to 23 micrograms per cubic
from all other SRP sources in 1985. Total sulfur dioxide
particulate releases from L-Reactor restart will add less
meter each.

5.1.3.4 Water usage

Surface water

Only minor amounts of surface water will be consumed
support L-Reactor operation, becauae ground water will be

meter NOX estimted
and total suapendad
than 1 gram per cubic

by SRF facilities to
the principal source
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of process water at these facilities . The K-Reactor steam plant
estimated 0.005 cubic meter per second additional water from the

to produce steam for L-Reactor (Du Pent, 1981).

Ground water

will require an
Savannah River

Incramental ground-water pumping from the Tuscaloosa Formation, required to
support the resumption of L-Reactor operation, will occur in five areaa on SRP;
as identified in Table 5-7, these are K-Area (steam plant), the Central Shopa,

and F-, H-, and M-Areaa. The 1985 projected ground-water consumption from the
Tuscaloosa at SRP, including that from those areaa in support of L-Reactor (O.94
at L-Area + 4.94 total incremental = 5.9 cubic meters per minute), is eetimated
to ba 25.4 cubic wters per tinute. This represents a 7-percent increase over
the 1982 SRF withdrawal from the Tuscaloosa of 23.8 cubic maters per minute, but
a 6-percent dacreaae from the 1983 “ithdrawal rate of 27.0 cubic ~ters per
minute (Tables 5-7 and F-10). The withdrawal of Tuscaloosa ground water at the
rate of 25.4 cubic maters per udnute ia expected to have little impact (leas
than 0.4 meter) on offsite water levels. Beneath the Central Shope and H-Area
baains, the head differential &tween the Tuscaloosa and Congaree ia expected to
become downward; the differential in A- and M-Areaa is expected to becou
increasingly downward. However, the green clay has a very low permeability and

aPPeafs tO ~ an effective barrier to the downward tigration of pollutant
wherevar it ia present on SRP. The lower Congaree and upper Ellent on clay units
act aa similar barriers for the Tuscaloosa Aquifer. A new equilibrium
piezometric surface ia expected to develop quickly in reaponee to the decreaae
in pumping from 27.0 to 25.4 cubic meters per minute, and tha decline in water
levels maaured in mnitoring walls is expected to ba arreated.

5.1.3.5 Radiological effects of support facilities

The resumption of L-Reactor operation till result in an increase of about
33 percent in radioactive diachargea from the support facilities (i.e. , central
shops area, heavywater area, fuel fabrication area, and the separations
areas ). Releaaea from support facilitiea associated with L-Reactor operat ion
will build up gradually; during tha first year of L-Reactor operation they will
be leaa than 50 percent of the equilibrium values in succeeding yeara. However,
for the purpose of the present analysis, it is aasumed that first-year releaaes
are equal to the expected equilibrium annual average releasea.

Nona of the preferred alternatives will result in additional incremental
radiological releaaea from any of the facilities supporting the operation of
L-Reactor. Section 5.1.2 characterize the radioactive relesses from support
facilities and presents the radiological impact of the releases on the mximally
&xpoaed individual and on population groups. Appendix B contains the method-

ology of the calculations and detailed doaa results, including tables that pro-

vide tha dosea by age groupa, organs, and pathwaya.

The total-body dosee received by the maximum individual and regional popu-
lation from L-Reactor radiological releaaea under the preferred alternative
are combined with tha doses from incremental releases in Table 5-15 (compare
with Table 5-14). The composite maximum individual dose of 3.6 millirem in the

first year of resumed operation is about 26 times leas than the average dose of
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Table 5-15. Maximum individual and regional population total-
body dose from the operation of L-Reactor and
SRP support facilities (preferred a2tarnative )

Source of lst-year 10th-year
exposure doae doaa

MAXIMUM INDIVIDUAL ADULT DOSE (millirem per year)

Atmospheric releases 0.10 0.24
Liquid releases 0.029 0.12
Radiocesium and cobalt transport 3.5 0.31

Total 3.6 0.67

Dose within 80 Port Wentworth and
Source of kilometers of SRP Beaufort-Jasper dose
exposure 1st year 10th year lat year 10th year

REGIONAL POPULATION DOSE (persnn-rem per year)

Atwapheric releases 5.8 16.7 -- --

Liquid releases 0.053 0.065 1.6 16.1
Radiocesium and cobalt

transport 9.0 0.80 0.80 0.067

Total 14.9 17.6 2.4 16.2

93 millirem per year from natural background radiation received by an individual
living near SRP. The total-body dose to both the 80-kilometer and downstream
river-water-consund.ng populations nf 33.8 person-rem (tenth year) is about 0.03
percent of the estimated 109,000 person-rem received by the 80-kilometer
population and the Beaufort-Jasper and Port Wentworth drinking-water populations
from natural sources. Thesa effects are slightly less than those expected under
the combination of reference case and incremental releasea.

The 100-year environmental dose commitment’ to the U.S. population “beyond
kilometers from SBP from triti”m, carbon-14, krypton-85, and iodine-129 was
calculated as described for the direct discharge of cOOling Water to steel
Creek. The s“m of the doses to the total body from first- and tenth-year

nperation is about 25 and 49 person-rem. resDectivelv: an additional 1.7

80

person-rem to the thyroid wili result f~om i~dine-12~” releasea during first- or
tenth-year operation.

The radiation-induced health effects that might b cauaed in the U.S.
population by the first-year Operation of L-Reactor and its suDDOrt facilities
are estimated to be abou~ l).003 premature cancer death and O.0b6
disorder; during the tenth year of operation, the induced health
be about 0.006 premature cancer death and 0.01 genetic disorder.
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5.2 CUMULATIVE IMPACTS

This section describes the cumulative impacts of L-Reactor operation when
taken in conjunction with the effects from its other SRP facilities and from
msjor facilities near the Savannah River Plant . The n!ajorSRP facilities
include the operating facilities, the Fuel Materiale Facility, and the Defense
Waste Processing Facility. Major facilities near the Savannah River Plant
include the Vogtle Nuclear Power Plant in Burke County, Georgia, the Urquhart
Steam Station at Beech Island, South Carolina, and the Chem-Nuclear Systems,
Inc., plant near the site boundary.

5.2.1 Socioeconomic

Given the amsll number of potential immigrating workers aaaociated with the
resumption of L-Reactor operation, potential cumulative socioeconomic impacts
depend heavily on the workforce requirements and the schedules of other projects

at cnd near the Savannah River Plant. These projects include the Georgia Power
Company’s Alvin W. Vogtle Nuclear Power Plant in Burke County, Georgia; capital
improvements projects at the Savannah River Plant; the Fuel Materials Facility
(FMF) at the Savannah River Plant, which will convert enriched uranium into
naval nuclear propulsion fuel form; and the Defense Waste Processing Facility
(DWPF), which will immobilize SRP high-level wastes.

The craft construction workforce at the Vogtle Nuclear Power Plant cur-
rently ia about 6700 and is expected to decline in 1984, coinciding with the
buildup of the construction workforce for the FMF. After 1983, the SRP con-
struction labor force is expected to increase due to capital improvements snd
FMF and DWPF construction. Based on the latest forecast of construction activ-

ities, the SRP labor force ia expected to increase by 2800 persons by the end of
tha third quarter of 1984.

Assuming that modeling results of a DWPF scenario--reference immobilization

alternative, with the Vogtle project having a peak workforce in 1985 (DOE,
1982a)--are applicable to the cumulative construction worker increase at the

Savannah River Plant, about 735 total workers (including overhead personnel ) are
expected to relocate in the six-county area.

In addition to these 735 construction-related personnel, about 80 L-Reactor

support personnel (L-Reactor plus incremental ) are expected to relocate in the
six-county area by the end of 1984. Thus, the cumulative workforce that might

relocate into the six-county area is 815. Table 5-16 lists the projected

distribution pattern of the cumulative labor force increase at the Savannah
River Plant and summarizes potential socioeconomic impacts.

The cumulative SRP construction and operational work force increase by the
end of 1984 is not expected to have major impacts in the six-county area. The

potential relocating workforce and ite associated population is expected to
account for less than 1 percent of the projected 1984 population of the area.
Minor impacts on housing, schools, and Other pblic services ad facilities
tight occur where existing or projected 1984 demands exceed current service
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Table 5-16. Cumulative SRP socioeconomic impact on six-county area

Cumulative SRP

Cumulative SRP school-age

population increase children increase

Projected Estimated number Percent Percent of
1984 of relocating Total of 1984 Total 1984 school

Location population personnel population population population population

South Carolina
Aiken

Allendale
Bamberg
Barnwell

Georgia
Columbia
Richmond

y TOTAL

w AVERAGE
w

111,775 402 973 0.9
11,220 23 55 0.5
18,870 23 58 0.3
21,520 141 336 1.6

44,870 35 83 0.2
190,180 191 457 0.2— —

398,435 815 1,962
0.5

183 0.8

11 0.4
0.3

:: 1.3

16 0.2
89 0.3— —

376
0.5

General Impactaa

Land use: Minor impact due to size of potential inudgrating population in relation to total

population.

Population and fire protection: Mnor impact due to relationship of demand of potential immigrating

population and demand of existing population.

Water and waatewater treatment: Minor impact due to size of demand and current exceaa capacity in
selected existing system.

Roads and traffic: ~nor impacts offsite that can ba limlted through work shift scheduling.

aConclusions bsaed nn projected immigrating population and data in DOE, 1982a.



capabilities; bowever, the demands placed on these services by the potential
relocating workers and their families will be relatively small in relation to
the total indigenous demand.

The greatest effects associated with the multiple projects at the Savannah
River Plant will be on the economy of the region. As listed in Table 5-17 these
projects are anticipated to provide a total of about 4750 direct and indirect
job opportunities and $40 million in additional direct and indirect annual
income based on an estimated $235 million in direct payroll and overbead expen-
ditures. These benefits, however, will b offset partially by local and state
government expenditures to serve the relocating construction and operational
workers.

Table 5-17. Cumulative SRP economic impact analyais , end
of third quarter 1986

Categories of cost and employment 1986

Employment
Direct employment 2880
Indirect employment 1875

Income and expenditures
Additional direct income (current $ millions) 21
Indirect income (current $ millions) 19
Local expenditures on materials and

services (current $ mfllion ) 57

5.2.2 Surface-water usage

At the Savannah River Plant, the Savannah River supplies water for cooling
two production reactors , makeup water for Par Pond (the source of cooling water
for P-Reactor ), and for use in the coal-fired power plants. For the 3-year

period from 1974 to 1976, the withdrawal of water from the river by the Savannah
River Plant averaged 20.5 cubic meters per second. This withdrawal represented

about 7 percent of the river flow past the Savannah River Plant. The maximum

usage during the 3-year period was about 26 cubic meters per second. Essen-

tially all water withdrawn from the river is returned to the river (Du Pent,
1981). Based on Neill and Babcock (1971), the estimated consumptive water use

will be 0.85 cubic wter per second each for C-, K-, and L-Reactors and about EL-2

1.25 cubic meters per second on tbe average for P-Reactor.

When L-Reactor operation is resumed (reference case) water withdrawal from

the river will be increased by about 11 cubic meters per second and the total
withdrawal rate for the Savannah River Plant will be about 37 cubic meters per

second. Under 7-day, 10-year, low-flow conditions (159 cubic meters per second;
Section 3.4. l), the Savannah River Plant will withdraw about 23 percent of the
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river flow; under average flow conditions, the Savannah River Plant would with-
draw about 13 percent for all ita operations.

Two neighboring facilities will also use Savannah River water for cooling.
The South Carolina Electric and Gaa Company’s Urquhart Steam Station, located
above the SHY, uses about 7.4 cubic meters per second as once-through cooling
water. The Vogtle Nuclear Power Plant, near Hancock Landing, Georgia, ia’now

under construction. When completed, it will uae a few cubic meters of river

water per second as make-up water for its cooling towers.

5 .2.3 Ground-water usage

Two new facilities are under construction at SRP, the Defenae Waste
Processing Facility (DWPF) and the Naval Reactor Fuel Materials Facility (F~ ).
The DWPF site, adjoining H-Area to the north, has been cleared and preliminary
earthwork completed. Actual construction of the FMF, located in F-Area, has

begun.

Current (December 1983) projections of the groundwater requirements for

the DWPF and FMP are less than 0.75 cubic meter per minute for the DWPF and 0.2
cubic meter per minute for the ~. The FMF probably would draw its water from
the existing F-Area well field. A6 many as two wells producing from the Tus-
caloosa Formation are currently planned for the DWPF, each well with a capacity
of about 3.78 cubic meters per minute. The expected drawdown from these planned
wells (about 2 to 3 inters near the center of the cone of depression) would in-

crease the drawdown in F-, H-, and M-Areas. Beneath the seepage baains in these
areas, the incremental drawdowns from withdrawal for the DWPF and FMP are cal-
culated to be 0.5, 0.7, and 0.2 meters, respectively. The resultant upward head
differential between the Tuscaloosa and the Congaree Formtions will decrease
accordingly beneath the F-Area basins and will becom increasingly downward
beneath the other basins in H- and M-Areas (see Table 5-7).

The cumulative ground-water consumption from the Tuscaloosa ia estimcted to

be 0.95 cubic meter per minute. Thus, the total SRP consumption will be about
26.4 cubic inters per tinute, including all L-Reactor-related and cumulative
usage. This projected usage representa an 1l-percent increase over the 1982 SHY
withdrawal from the TUSCalOOSa of 23.13cubic ~ter~ per ~nute, b“t a alight de-

creaae from the 1983 withdrawal rate of 27.0 cubic meters per minute (see Table
F-10) . Computer modeling (Marine and Routt, 1975) indicates that the ground-
water flux in the aquifer is about 110 cubic meters per minute throughout a
study area including SRP and nearby users (Figures F-25 and F-31) . The current
ground-water flux through this study area is estimated conservatively to be 51
cubic meters per tin”te , which 1S the lower bound estimate. This flux estimate
compares with a current, incremental, and cumulative withdrawal rate of about
37.9 cubic Uters per udnute “ithin the study area (11.5 for offsite users +
26.4 for SRP, including L-Area use,
lative uae;

Support facility incremental use, and CUMU-
see Section 5.1.1.4 for a discussion of incremental ground-water

withdrawal ). The total SW projected pumpage rate from the Tuscaloosa Aquifer
of about 26.4 cubic inters per minute compares with 37.8 cubic meters per
minute, which Siple (1967) concluded could be pumped at the SRP with no adverse
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effects on the pumping capabilities of existing 1960 wells, particularly addi-
tional wells if spaced to minimize interference between wells. In 1960, SRP
pumpage from the Tuacalooaa was about 18.9 cubic wtera per tinute . Cumulative
impacta on offsite water levels are expected to bs small (Table 5-8), about O.4
meter at Jackaon and at tbe site bnundary opposite the A-Area. As shown In
Table 5-8, the cumulative drawdowns resulting from pumping at SRP are not AW-1 ,
expected to Increaae in relation to the incremental drawdowns. This is because
the additional pumping for the Ff4Fand the DWPF will be from locations that are

BT-7,
DA-8 ,

large distancea from the nsarest site boundary relative to the pumping rate
(Siple, 1967).

EN-24

The withdrawal of ground water from the Tuscaloosa Aquifer in support of

current and projected SRP operation is not expected to affect either the quality
of water or the offsite water levels in the aquifer.

At the recommendation of tha U.S. Army Corps of Engineera, a foundation
grouting operation was conducted at the Savannah River Plant to improve subsur-
face conditions (COE, 1952a,b). Operating experience at SRP over the past 30

years has demonstrated that subsidence is not a problem. Available leveling
data in the vicinity of SRP do not indicate subsidence (DOE, 1982b). Based on
anticipated needa ovar the next few yeara, subsidence from withdrawal of ground
water from the Tuscaloosa Formation is not expected to affect operations at SRP.

5.2.4 Thermal discharge

5.2.4.1 Wetlands

Between 1950 and 1970. palustrine vegetated wetlands experienced a net loss
of 11 million acres in the conterminous United Statea (Frayer et al., 1983).
The overall net loss was due primarily to agriculture, and consisted of 6 mil-

lion acrea (55 percent) of forested wetland, 4.7 million acres (43 percent) of
emergent wetland, and 220 thousand acres (2 percent) of scrub/shrub wetland.
Approximately 11.4 percent and 10.1 percent of the total land area of the States
of South Carolina and Georgia, respectively, contain bottomland hardwood forests
(Clark and Benforado, 1981). The Savannah River watershed includes some 258,000
acres of wetlands dominated by bottomland hardwood forests ; of this total, South AY-4

Carolina containa 138,000 acres and Georgia has 120,000 acres . Between 1960 and
1975, South Carolina lost about 30,000 acres and Georgia lost 141,000 acres of
bottodand hardwood foreats.

The Savannah River Plant cnntains approximately 37,000 acres of wetlands
that include Carolina bays, old farm ponds, impoundments, canals, and riparian
habitats associated with creeks and the Savannah River. Cumulative impacts to
these wetlands from the Savannah River operationa have occurred primarily along
streams and in the Savannah River swamp.

Streams that flow through SRP are bnrdered by 24,607 acres of bottomland
hardwood forest (Figure 5-2). Five msjor streams drain the site and flnw to

the Savannah River (Table 5-18). Upper Three Runs Creek, which has the largest
watershed, is the only major stream on the SRP that has not received reactor
coolingwater discharges; it contains 9165 acrea of bottomland hardwood wetlands
onaite.

5-41



?

UPPER THREE RUNS CREEK
‘..J,Natural)

‘.,
‘,

:
‘.,
‘.
‘.
/.

Y“’$,;9 BEAVER DAM CREEK
(Thermal)

‘.\

D

....‘..::.:..,.,\
:;..,.....\

;j~;@ FOUR MILE CREEK
(Tharmal)

STEEL CREEK
(Peat-thermal
recovery)

Legend:

B No effect m Moderateeffect

_ siig~teffect _ Intenseeffect

Ada,ted from Shari,, e, al. ,1974).

Figure5-2. The Sevannah Riverswamp in1973 efter

from reactordischarges.

5-42

0 1 “’”me’’”‘G$

4 to 19 yeersofcontinualthermal Ioeding



Table 5-18. Distribution (acres ) of forested wetlands for the
principal streams of the SRFa

Current ly Current ly
thermally nonthermally

Stream impact ed impacted Total

Uppar Three Runs Creek o 9,165 9,165
Four Mile Creek 772 1,176 1,948
Pen Branch 626 1,885 2,511
Steel Creek o 3,073b 3,073
Lower Three Runs Creek o 5,574C 5,574
Otherd o 2,336 2,336

Total 1,398 23,209 24,607

aAdapted from Du Pent, 1983b.
bIncludea the formerly thermal area between L- and P-Reactora.

cIncludes the formerly thermal area just below Par Pond dam.
dotber bOttodand hardwood wetland areaa include areaa north Of

Par Pond (part of the former Lower Three Runs system), interior swamp
areas adjacent to the SRP river swamp, wetland SSW of A-Area, part of

the Salkabatcbie watershed, parta of Boggy Gut Creek waterahed, etc.

Currently, about 1400 acrea (7 percent) of wetlands associated with the
five principal stream corridors are thermally impacted due to SKY operationa
(Table 5-18). Restart of the L-Reactor (reference caae ) will impact an addi-

tional 420 to 580 acrea of wetlanda alo~ the Steel Creek corridor and 310 to
420 acres of wetlanda in the delta and swamp. The cumulative total acreage of TC

wetlands affected by all SRP operation ia approximately 2135 to 2415 acrea.

Four Mile Creek and Pen Branch currently receive thermal effluents from C-
CanalK-Reactora, respectively. About 772 acres of thermally impacted bottomland

hardwood border Four Mile Creek from C-Reactor to the Savannah River swamp
(Figure 5-1). The Four Mile Creek system contains 1948 acres of bottomland

hardwood, 40 percent of which occurs along the thermal portion of the stream.
Pen Branch haa leaa bottomland hardwood acreage affected by thermal effluents
(626 acres) and more total wetlanda (2511 acres). Most of the nnnthermal Pen
Branch ayatem wetlands (75 percent) occur above the confluence with Indian Grave
Branch.

Steel Creek and ita main tributary, Meyers Branch, have nure wetlands acres

(3073 ) and a more varied thermal discharge history than Pen Branch or Four Mile
Creek (Figure 5-2 ). Steel Creek received a wide range of thermal effluent quan-
tities from both P- and L-Reactora from 1954 to 1968. The bottomland hardwood

wetlanda formerly impacted by L- and P-Reactors have now partially recovered.
About 792 acres of bottomland hardwood exlat along the Steel Creek corridor
from L-Reactor to the swamp. Most of this area (16 percent of the Steel Creek

ayatem) waa alao previously affected by reactor diachargea and has partially
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recovered to a diverse ecological state. The planned restart of L-Reactor till
again impact most of thie floodplain corridor.

Lower Three Runs Creek has the second largest watershed. In 1958, the

headwatera of this stream were impounded to form Par Pond, a cooling reservoir
for R- and P-Reactors. From 1954 to 1958, thermal effluents from R-Reactor were

releaeed to Lower Three Runs Creek. Moat of the wetland impact areas have now

recovered or were inundated by Par Pond. Lower Three Runs Creek contains 5574

acres of bottomland and hardwond foreat balow the Par Pond dam and swamp forest
along the Savannah Wver.

The historic growth of the Steel Creek delta, as meaaured by computar

digitized aerial photographs taken from 1943 to 1982, show that thermal dis-
charges first affected the canopy between 1955 and 1956; this waa more than 1

year after both P- and L-Reactors began releasing hot water to Steel Creek.
Rapid vegetation kill and cannpy loss occurred at a rate of 50 acrea per year
from 1956 to 1961 when both reactors discharged to Stael Creek. Delta growth
slowed to about 3 acrea per year from 1961 to 1966, probably becauae P-Reactor
thermal effluenta were diverted to Par Pond in 1963. In 1966, the impact area
waa nearly maximum at 314 acrea (Table 5-19). When L-Reactor discontinued

operationa in 1968, the swamp canopy began to recover. From 1968 to 1982, about
40 acres of impact zone recovered and new canopy cover waa established. Partial
canopy recovery occurred in an additional 67 acraa of former tree kill.

Table 5-19. Steel Creek delta impacts
(acrea )a

Moderate Intense
Year effect b effectc

1951 0 0
1955 0 II
1956 180 0
1961 ““ 303 214
1966 307 235
1974 299 210
1982 280 184

aAdauted from Du Pent (1983b).
bInciudea

canopy losses .
clncludea

tion delta and

Savannah Rfver swamp

partial tn total tree

primari 1y the aedimenta-

total canopy remval.

The Savannah River floodplain between Augusta, Georgia (Mver Mile 195),
and Ebenezer Landing, Georgia (~ver ~le 45), containa approximately 130,000
acres of wetlands. The Savannah Rfver swamp provides approxi~tely 10,400 acres
Of paluatrine wetland habitat . It is seasonally separated from the watera of
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the Savannah River by a 3-meter-high natural levee (Smith et al., 1981) and
receives the wat era of several SRP atreama. In 1951, prior to the discharge of
thermal effluents, a closed canopy of second-growth forest extended over the
10,369-acre swamp (Sharitz et al., 1974). Following the release of heated
effluenta into the swamp via tributary streams, some treea died in about two-

thirda of the area (Figure 5-2).

Between 31O and 420 acrea of the Savannah River swamp will be impacted due
to the direct discharge of thermal effluent by the L-Reactor (reference case).

This range includes the total area of swamp that waa impacted by discharges
into Steel Creek during previous operation (Table 5-20) . Cumulative therml
impact
affect

to the swamp following the resumption of L-Reactor operations should
about half of the total swamp wetlands.

Table 5-20. Areal extent (acrea) of reactor-effluent effects on
the Savannah River swamp foreat bordering the
Savanmh Wver Planta

Intense Moderate Slight Total area
Delta region effect effect effect affected

Beaver Dam Creek 110 60 170
Four Mile Creek 70 45 115
Pen Branch 55 50 105
Steel Creek 245 130 375

Total 480 285 765
Total swamp 560 650 3450 4660

aAdapted from Sharitz et al. (1974) .

5.2.4.2 Savannah River

Both the Urquhart Steam Station at Beech Island and operations at the
Savannah River Plant discharge cooling-water effluent to the Savannah River from
South Carolina. In addition, the Alvin W. Vogtle Nuclear Power Plant, near
Hancock Landing, Georgia, wi11 discharge its coolirig-tower blowdown to the
river. Theee thermal discharges will be permitted by Georgia under the National
Pollutant Discharge Elimination System (NPDES).

As the result of water storage in Clarks Wll Reservoir above Augusta,
Georgia, and its mode of discharge, the temperature of the Savannah River is
aa much as 8“C klow the temperature that would occur in the sunnnertime if the
reservoir did not exist (Neill and Babcock, 1971). The temperature of the
river water generally increasea naturally as the water flows from Clarks Hill
Reservoir paat tbe Savannah River Plant. The South Carolina Electric and Gas
Company’ a Urquhart Steam Station, located above the Savannah River Plant, dis-
charges about 7.4 cubic retera per second of cooling-water effluent at tempera-
tures as high as 6°C above ambient river temperature. The thermal effluent
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raisea the temperature of the river by about 0.3°C on the average and by as nuch
as 0.5°C in the summer (Boswell, 1972).

At present, once-through cooling-water effluent Is discharged from the

Savannah River Plant via three atreams-–Beaver Dam Creek, Four mle Creek, and
Pen Branch/Steel Creek-–to the Savannah River. Beaver Dam Creek has the small-

est SRP thermal effluent, which originates about equally in D- and C-Areas. In
the future, SKP will also discharge thermal blowdown from the small cooling
towers servicing the Fuel Materiala Facility and the Defense Waste Processing
Facility will he small and will not impact the Savannah River.

The temperature at the mouth of Beaver Dam Creek typically ranges from
5.5°C to 11.1“C above the temperature of the Savannah Mver during the warmer
months (Du Pent, 1982a).

Four Mile Creek receives once-through cooling-water discharges from
C-Reactor. The temperatures of thermal effluent discharged from Four Mfle Creek
ranges from 16.7° to 19.4°C above Savannah River water temperatures during the

late spring and summer mnths (Du Pent, 1982a) .

Pen Branch receives once-through cooling-water effluent from K-Reactor.
This effluent is discharged to the Savannah River through the mouth of Steel
Creek. The temperature of the water released at about 15.6 cubic resters per
second from the mouth of Steel Creek typically is less than 5.6°C above the
water temperature of the river during spring and summer.
and L-Reactor (direct discharge) discharged via the mouth
creek-to-river delta-T averaged about 7.2°C during warmer
maximum of 14.7“C and the flow rate to the river averaged
meters per second (DOE, 1982a).

The thermal plumes in the Savannah River from Beaver

Creek, and Steel Creek will not interact with each other.

When both K-Reactor
of Steel Creek, the
rmnths and ranged to
about 27.4 cubic

Dam Creek. Four Mile
Analyses of upstream

a

and downstream water temperature data for the 1l-year period since L-Reactor was
placed on standby (1968 to 1978) suggest that, once in 10 years, a maximum in-
creaae of 1.6°C will occur in the Savannah Rfver (fully mfxed ) water temperature
resulting from SRP operation. With the addition of L-Reactor thermal effluent
(reference case), once in 10 years the mximum increase is projected to 6s about
2.3° to 2.4”C; it will probably occur in June, July, or August during periods of
low river flow. This increase was exceeded three times (3.2”c) from 1959 to
1963, when four SKY reactors discharged to the river , and once in 1966 (2.7”c)
when three reactors discharged to the river. In winter, the maximum increaae in
river water temperature fron the operation of three reactors will be about O.70
to 1.3°C, depending o“ flow conditions (Du Pent, 1982a) .

The Vogtle Nuclear Power Plant will use natural draft cooling towers to

dissipate the heat generated by the two reactor units. The heated cooling-tower
blowdown will be discharged to the Savannah Rfver at temperatures below 33°C
(Georgia Power Company, 1973). Because the blowdown will be from a single-point
discharge pipe at ~v~= mle 150.7 at a rate of only a few cubic inters per
second, it is expected that the contribution of heat to the river by the Vogtle
Plant will be very small compared to the contribution from C-Reactor via the
mouth of Four Mile Creek. No thermal blockage of the Savannah River by the
interaction of the VOgtle Plant and Four Mfle Creek plumes is anticipated. The
plums from Vogtle Plant operations will dissipate quickly. Calculations show
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that a plums-river delta-T of 1“C till extend only about 100 meters downriver

from the diffuaer and the 2.8°c plums-river delta-T will extend leaa than 20
mstera downriver and approximately 30 meters across the 105-meter-wide river

(Georgia Power Company, 1973 ). Thus, the Vogtle plume will have dissipated
before reaching tbe pluuia from Four Mile Creek at River Mile 150.4.

In conclusion, a zone of passage for anadromous fish and other aquatic
organiama will exist in the Savannah River from Steel Creek to Beech Island.
Thermal blockage till not occur.

5.2.5 Fiaheriea

5.2.5.1 Thermal effects

The direct discharge of heated effluent from L-Reactor (reference case)
will eliminate most fish from the Steel Creek corridor and from much of the

Steel Creek delta. Access to the flood-plain wamp for fish via the muth of
the creek will bs blocked. Accordingly, spawning in Steel Creek by anadromous
apeciee will be eliudnated. In addition, because access to tbe wetland areas
near Boggy Gut Creek will bs restricted at times by tbe thermal plume, spawning
in these areas also tight & affected.

Heated effluenta from C- and K-Reactors and the D-Area powerhouse are dis-
charged currently into Four Mile Creek, and Pen Branch, and Beaver Dam Creek,
respectively, rendering these areaa unsuitable for spawning by anadromous fishes
under normal river flow conditions. Accordingly, direct discharge (reference
case) will increase the area of streams and wetlands from which spawning will k
eliudnated. With the preferred alternative, fish access for spawning will be
limfted only in the Steel Creek corridor, not in the swamp. Studies in the area
have shown that suitable spawning habitat exists in other streama along the
Savannah River. In addition, the spawning of many anadromous species (e.g. ,
Awrican shad, striped baas) occurs primarily in the Savannah River itself
should not bs affected by the thermal discharge from L-Reactor.

Predictive mathematical models and prior experience wfth L-Reactor opera-
tion indicate that direct thermal discharges to the Savannah River from Steel
Creek (refsrence case) will not block the mvement of fish past the site in the
river. Because there will bs no interaction of the L-Reactor plums with that
from C-Reactor or from Vogtle Nuclear Power Plant, tbe cumulative impact from
these sources will be tinor.

5.2.5.2 Entrainment

Based on ichthyoplankton investigations conducted at the site (see Appendix
C), sn eetimsted 17.9 x 106 fish larvae and 18.1 x 106 fish eggs were entrained
by SRP cooling-water intakes during 1982. During 1983, these totals were 9.1 x

l@ eggs and 28.1 x 106 larvae. This represents about 13 percent of the ich-

thyoplankton passing the intake canals in the river during 1982, and 7.7 percent
in 1983. Under present operating conditions, the flow of cooling water with-
drawn from the river ia about 26 cubic meters per second. An additional flow of

TC
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about 11 cubic meters per second will be required by the L-Reactor. Entrainment
losses will increase proportionately. Table 4-1 sumrizes projections of cumu-
lative entrainment impacts bssed on atudiea conducted in 1977, 1982, and 1983.

The estimated cumulative percentage of fish eggs and larvae paasing the

Savannah River Plant in the river that will be lost to entrainment by the com-
bined operation of C-, K-, and L-Reactors is about 19 percent.

5.2.5.3 Impingement

Tbe result a of the wat recent impingement studies conducted at the lG, 3G,
and 5G pumphouses indicate that, under present operating conditions, an average
of about 37 fish are impinged each day for an annual total of 13,505 individ-
uala. The highest daily rates occur during periods of high river-water levels

when as many as 540 fish have been impinged. The restart of L-Reactor will
result in the impinge~nt of an estimsted 16 additional flab per day or 5840 per
year. Wring periods of high water, the cumulative tot al impinged could reach

about 104 fish per day, 31 of which would be due to L-Reactor operations.

Surveys of the recreational fishery in the freshwater portions of the
Savannah River indicate that the species caught in greatest numbers by anglers
are bream, catfish, and crappie. These species comprise about 37 percent nf the
total number of fish collected during the impingement studies. Using these
data, estimatea can be mcde of tbe numbers of these recreationally important
fish that would be lost annually due to impingement. Table 5-21 aummsrizea
these estimates.

Another important sport fish is the largemouth basa. It is the second-most
sought-after freshwater species in the Savannah River. However, it is not often
caught and, therefore, does not ra~ highly in the catch statistics. Largemo”th
basa are impinged at SKY only rarely, comprising 0.3 percent of the total fish

collected (i.e. , 2 individuals out of 684 total). The projection of annual
losses under present operating conditions 1S 14 fish. The cumulative impinge-
ment loss once L-Reactor is operating would be about 21 individuals per year.

Table 5-21. Numbers of fish that would be lost annually due to

impingement under average river flow conditions

Percentage of Loss under Cumulative 10sa
total number of present operating with L-Reactor

Species fish impinged conditions operational

Bream 25.0 1204 1734
Catfish 4.8 231 333
Crappie 7.3 352 506
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5.2.6 Radiological effects

Nuclear facilities within an 80-kilometer radius of the L-Reactor include
other currently operating Savannah River Plant facilities, the Alvin W. Vogtle
Nuclear Power Plant (under construction), the Barnwel 1 Nuclear Fuel Plant (not
now expected to operate), and the Chem-Nuclear Services, Inc. low-level radio-
active disposal site. The existing and planned operationa of these facilities
were reviewed to determine the potential cumulative radiological effects of all
the facilities operating together.

Facilities currently operating at the Savannah River Plant include three
production reactors, two chamical separation areaa, a fuel fabrication
facility, waste management facilities , and other support facilities. Future
projects include construction and operation of a Fuel Material Facility (FMF),
to produce fuel forms for the naval reactor program, and the Defense Waste
Proceaaing Facility (DwPF), to be used to immobilize high-level radioactive
wastea currently stored in tanks at the Savannah River Plant . The FMF and DWPF

are not expected to beco~ operational until che latter half of the 1980s and
will have no radiological impact during initial startup of the L-Reactor.

The Alvin W. Vogtle Nuclear Power Plant is being constructed by the Georgia

Power Company about 15 kilometers southwest from the L-Reactor. when completed, ITC
this plant will have two light-water-cooled power reactors. The Vogtle Power

Plant is not expected to reach full operation until the latter part of the 1980s
and also will have no radiological impact during the initial startup of
L-Reactor.

The Barnwe 11 Nuclear Fuel Plant is located approximately 19 kilometers

northeast of L-Reactor. The owners of this facility, Allied-General Nuclear
Services, have announced that they do not plan to operate this plant. The nor-
mal operation of the Chem-Nuclear Services, Inc. low-level radioactive disposal
site doee not entail discharges of low-level radioactive material to surface
waters or the atmosphere.

The cumulative offsite radiation dose, therefore, is the sum of the doses

from L-Reactor and its support facilities, current SRP operation with three re-
actors, the planned Fual Materials Facility and Defense Waste Processing Facil-
ity at SRF, and the Vogtle Nuclear Power Plane. The total-body doses to the

maximally exposed offsite individual and to the population are sununarized in
Table 5-22 for the reference-case operation of L-Reactor. (Refer to Section

4.1.2.5. ) The m?iximum individual dose is conservative because the defined “com-
posite” individual would have to be a permanent resident of several different
locations to receive the dose. The doaea shown are for the tenth year of

L-Reactor operation when it is expected that all described facilities will be
operation and when radioactive releases from L-Reactor will have reached an
equilibrium maximum.
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Table 5-22. Cumulative total-body doses from L-Reactor operation
and other nearby nuclear facilitieaa (reference caae)

Atmospheric Liquid
Source of exposure releases releases Total

MAXIMUM INDIVIDUAL ADULT DOSE (millirem per year)

CS-137 and CO-6(I redistribution
from Steel Creek -- 0.31

L-Reactor and support facilities 0.23 0.14
Savannah River Plant - current

operations 0.81
TE[

0.43
Fuel Mxterials Facility - SRPb 0.000063 --

I)efenae Waste Processing
Facility - SRP 0.0047 0.0077

Vogtle Nuclear

Total

)A-451

Power Plant 0.0060 1.6

1.1 2.5

REGIONW PoPuWTION DOSEc (person-rem per year)

Cs-137 and CO-60 redistribution

from Steel Creek -- 0.87
L-Reactor and support facilities 16 19
Savannah River Plant - current

operations 80 40
Fuel Materials Facility - SRPb 0.0026 —

Defense Waste Processing
Facility - SRP 0.23 1.2

Vogtle Nuclear Power Plant 0.024 7.8

Total 96 69

0.31
0.37

1.2
0.000063

0.012
1.6

3.5

0.87
35

120
0.0026

1.4
7.8

165

aDuring tenth year of L-Reactor operation.
bAdopted from DOE, 1982b.

cIncludes dosea from water consumed at Beau fort-Jasper and Port
Wentworth.

The composite maximum individual dOse of 3.5 ~llirem for the ref~rence
case is 26 times less than the average dose of 93 millirem (Du Pent , 1982b) re-
ceived by an individual living near the SRp site from natural radiation. The
composite population dose of 165 person-rem is about O.15 percent of the expo-

TC
sure of about 109,000 person-rem to the population living within 80 kilometers

Of the Savannah River plant and the Bea”fOrt-Jasper and port Went~Orth
drinking-water population from natural radiation sources.

Table 5-23 lists estimated concent rations of radionuclides in the air,
milk, and drinking water resulting from routine releases from L-Reactor, total
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SRP, and other planned

erence case.

5.2.7 Health effects

nuclear facilities in the vicinity of SRP for the ref-

The potential radiation-induced health effect for the reference case calcu-
lated from the operation of L-Reactor and other nuclear facilities within an
80-kilometer radius (from atmospheric and liquid releases of radioactive mate-
rials and redistribution of cobalt-60 and cesium-137 from Steel Creek and down-
stream water consumption) were calculated by multiplying the regional population
doses (from Table 5-23) by the following risk estimators: 120 cancers and 257 CT-1
genetic effects per 1,000,000 person-rem exposure. The projected cumulative
health effects that might eventually occur as a result of the operation of
L-Reactor and other nearby nuclear facilities include a maximum of 0.02 excess

cancer fatality and 0.04 genetic disorder in the tenth year of operations.

5.2.8 Preferred alternatives*

This section describes the cumulative impacts of L-Reactor operation with
the preferred alternatives, taken in conjunction with the effects from other SRP
facilities and from major facilities near SRP.

5.2.8.1 Socioeconomic

The SRP construction labor force is expected to increase by about 2800
persona after 1983 due to capital improvements and the construction of the Fuel
Materials Facility (FMF) and the Defense Waste processing Facility (DWpF). The
DWPF site, adjoining H-Area to the north, has been cleared and preliminary
earthwork has bsen completed. Actual construct ion of the FMF, located in

F-Area, has begun. In addition, construction labor force requirewnts for the
1000-acre cooling lake are estimated to b about 550 persona. Approximately
one-fourth of the total increaae of the SRP construction labor force, or about
800 workers, are expected to relocate into the six-county area. In addition,

about 80 L-Reactor support personnel are expected to relocate into the six-
county area by the end Of 1984.

The cumulative SRP construction and operational work force Increase by the

end of 1984 is not expected to have major impacts in the six-county area and
will be only slightly higher than cumulative impacts for the restart of
L-Reactor with direct discharge (Section 5.2. l). Economic benefits will also

be higher due to the temporary increase in construction employment for the
cooling lake.

*Because this section is new, vertical change bars are not necessary.
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Table5-23. Estimated‘dnwalaveragecon~ntratiormof radiowclidesin air,milk,

and water frm routineoperati~ (referenm case) releases

Concentration

CO-60 and CS-137 L-RX L-SU?P SRP OWPF Vogtle
Nuclide 1styr

Total

10thyr 10thyr 10thyr 10thyrb 10thyr 10thyr 10thyr

H-3 --
1-131 --

IN MILKFROMATMOSPHERICRELEASES(MAXIMUMAT PLANTtTOUNOARY),pCi/liter

-- 7.0x 102 5.3x 10 3.2X 103 2.2x 10-1
1.8X 10-3 1.2x 10-3

--
--

3.9x 103
1.1x 10-2 -- 3.6x 10-1 3.7x 10-1

IN A2R FROMATMOSPHERICRELEASES(MAXIMUMAT PLANT~UNOARY), pCi/m3

H-3 -- _-
C-14

4.4 x 10 3.3 2.0x 102 1.4x 10-2 2.4 X 102
, 9.3x 1O-J 2.5 x 10-3

--
-- --

Ar-41
3.4 x 10-2 -- --

-- -- 8.3
4.6X 10-2

-- 1.4x 101 -- -- 2.3X 101

IN RIVERWATERBELOWPL~T, pCi/liter

H-3 _- 1.0x 103
2.7x 10-2 ‘-

4.1 x 102
CO-60

3.0x 103 9.2x 101
8.6 x 10-4 4.9 x 10-3

1.5x 102
3.6K 10-3

4.7x 103

sr-90
2.3 X 10-2 9.4 x 10-12 --

1.2x 10-2 6.7 x 10-3
3.2x 10-2

CS-137 4.8;-10-1 ‘-4.2 X 10-2
4..9x 10-2

4.4 x 10-5 2.1 x 10-3
2.5 x 1o-6 1.7x 10-5 6.7X 10-2

2.4 X 10-2 5.5 x 10-10 7.6X 10-1 2.3X 10-1

IN PORTWNTWORTHORINKINGWATER,pCi/liter

H-3 1.0x 10J 4.1x 102
CO-6P

3.0x 103
2.7.i-lo-2 ‘-

9.2x 10
8.6 x 10-~ 4.9x 1O-J

1.5x 102
3.6X 10-3

4.7x 103

Sr-rn
2.3X 10-2 9.4x 10-12 --

1.2x 10-2 6.7 x 10-3
3.2x 10-2

CS-137 9.2j-10-2 ‘-
6.8 x 10-2

8.3 x 1O-J
2.5x 10-6

8.7 X 10-6 4.1 x ?0-4
1.7x 10-5 6.7 X 10-2

4.7 x 1O-J 7.1x 10-10 3.2 x ?0-2 4.5x 10-2

IN BEAUFORT-JASFERORINKINGWATER,pCi/liter

H-3
CO-6P 2.7 1-10-2 ‘-

1.0 x 10J 4.1 x 102 3.0 x 103 9.2 x 101
8.6 x 10-4 4.9 x 10-3

1.5 x 102
3.6 X 10-3

4.7 x 103

Sr-90 1.2 x 10-2
2.3 x 10-2

6.7 x 10-3
9.4 x 10-12 -- 3.2 X 10-2

CS-137 ‘-1.2 x 10-2 ‘-1.0 x !0-3
4.8 x 10-2 2.5 x 10-6

1.1 X 10-6 5.1 x 10-5
1.7 x 10-5 6.7 X 10-2

5.9 x 10-4 1.3 x 10-11 3.9 x 10-3 5.5 x 1O-J

aCs-137concentrationsin Port WentworthandBeauFort-Jaspr waterwerecalmlatd by ~plyiq facton
recmmnd.?dby O. W. Hayesa~ A. L. .90ni(ntenwratiumfran O. W. HayesatiA. L. Boni to J. C. Corey,7!CS-137
in the SavannahRiver aIUIthe Bewfort-Jas~r and Port WentworthWater Treat~”t Ph”ts,,!Janmry 10, 1983).

These factor6were not qplied to other radiomclides.

bRepresentscurrent cperation.
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