
CHAPTER 3

AFFECTED ENVIRONMENT

This chapter describes the environment of the Savannah River Plant (SRP) and
the nearby region that would be affected by the cooling water alternatives
associated with K– and C–Reactors and the D-Area powerhouse; it also describes
the three affected onsite streams.

3.1 SAVANNAH RIVER PLANT SITE AND REGION

3.1.1 GEOGRAPHY

The Savannah River Plant is located in southwestern South Carolina. The SRP
occupies an almost circular area of about 780 square kilometers (192,741
acres), bounded on its southwestern side by the Savannah River, which is also
the border between the States of South Carolina and Georgia.
Barnwell, Aiken,

Portions of
and Allendale Counties, South Carolina, lie inside the SRp

boundary. The major population centers closest to the SRP site are Augusta in
Georgia, and Aiken, North Augusta, and Barnwell in South Carolina. Figure 3–1
shows the location of the SRP site in relation to surrounding population cen–
ters within a 240-kilometer radius.

I TE

The SRP facilities include five nuclear production reactors (three currently
operating and two in standby condition), two chemical separations areas, a
fuel and target fabrication facility, a“d ~ario”~ supporting facilities Tc

(Figure 3-2).

The locations of the various Plant areas with reference to the five major
stream systems that drain :he site are shown in Figure 3-2. Most of the Plant
areas drain toward the Savannah River, which ~angeS from Z7 to 104 meters
above sea level. C–Reactor is located near the middle of the SRP site.
K-Reactor is about 5 kilometers southeast of C_Reactor. L- and P–Reactors are
about 5 and 10 kilometers east of K-Reactor, respectively. R–Reactor is about
12 kilometers northeast of K–Reactor. The D–Area powerhouse is about 10 kilo-
meters southwest of C–Reactor.

Almost all the SRP site is drained by tributaries of the Savannah River. Each
tributary is fed by several small streams. One small stream in the north-
eastern sector of the site drains to the Salkehatchie River rather than the
Savannah River. .

The southwestern border of the Plant is the Savannah River Swamp Systern
(SRSS). About 10,000 acres of the Savannah River swamp fc;est lie on the
Plant from Upper Three Runs Creek to Steel Creek. The SRP swamp area borders TE
the Savannah River Kor approximately 16 kilometers and averages about 2.4
kilometers in width (Figure 3–2).

A small embankment or natural levee has been built up along the north side of
the river by sediments deposited during periods of flooding. Three breaches
in the levee allow water from Steel Creek, Four Mile creek, a~>d Beaver Dam
Creek to flow, to the river. The combined discharges of Steel Creek and Pen
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Branch enter the river near the southeastern corner of the Plant. On the

landward side of the levee, the ground elevation decreases to form the swamp
system, which contains stands Of cypress-tupelo forest, bottomland hardwoods,
and some open marsh areas.

During periods of high river level, river water overflows the levee and stream
mouths and floods the entire swamp area, Leaving only isolated islands. The
overflows occur when river elevations exceed 27 meters above mean sea level
(MSL) as measured at the SRp boat dOck. During flooding, the water from these
streams flows through the swamp parallel to the river and enters the river
southeast of the mouth of Steel Creek at Little Hell Landing after crossing an
offsite swamp.

3.1.2 SOCIOECONOMIC AND COMMONITY CHARACTERISTICS

A comprehensive description of socioeconomic and community characteristics for
the area around the Savannah River Plant was presented in the report Socio-
economic Baseline Characterization for the Savannah River Plant Area, 1981
(ORNL, 1981). Information contained in the 1981 report was subsequently
updated in the report Socioeconomic Data Base Report for Savannah River Plant
(DOE, 1984a); additional information on tbe topics presented in this sectiOn
can be found in the updated report.

3.1.2.1 Study Area

‘Thepermanent operating and construction force at the Savannah River Plant has
averaged 7500, ranging from a low of 6000 in the 1960s to the current 14,957
(June, 1987). In 1980, approximately 97 percent of SRP employees resided in a
13-county area surrounding the Savannah River Plant (Table 3-1). Of these 13
counties, 9 are in South Carolina and 4 are in Georgia. The greatest per–
centage of employees now reside in the six-county area of Aiken, Allendale,
Bamberg, and Barnwell Counties in South Carolina, and Columbia and Richmond
Counties in Georgia (Figure 3-3). Together, these six counties house approxi-
mately 89 percent of the total SRP workforce. These six counties were chosen
as the study area for the assessment of potential socioeconomic and community
effects’of the proposed cooling water alternatives because the percentage of
employees residing in these counties has remained essentially the same since
the early 1960s.

3.1.2.2 Demography

Table 3-2 lists the 1980 populations in the study area for counties and places
of more than 1000 persons. The largest cities in the study area are Augusta
in Georgia, and Aiken, North Augusta, and Barnwell in South Carolina. Of the
31 incorporated conununitiesin the study area, 16 have populations under 1000
persons, and 11 have populations between 1000 and 5000 persons. Aiken,
Columbia, and Richmond Counties, which comprise the Augusta Standard Metro-
politan Statistical Area (sMSA), had a total population of about 327,400 in
1980; however, most of this population resides outside cities or towns. About
two-thirds of the total six-county population resides in rural or unincorpor-
ated area~.

over the last three decades, the rate of population growth has varied from
county to cOU~ty. From 1950 to 1980, the counties comprising the Augusta sMSA
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Table 3-1. Distribution of June 1980 SRP
Employees by Place of Residence

Percent of SRP
Location of residence labor force

SollthCarolina
Aiken County

Allendale County
Bamberg County
Barnwell County
Edgefield County
Hampton County
Lexington County
Orangeburg County
Saluda County
Other counties

Georgia
Columbia County
Richmond County
Burke County
Screven County
Other counties

Other states

Total

Source: DOE, 1984b.

80.0
58.8
1.8
2.0
8.8
1.1
1.2
1.6
1.7
1.0
2.0

20.0
3.1
14.8
0.3
0.8
0.9

0.1

100.0

experienced a positive growth rate; the combined average annual rate was about
3 percent. The most significant population increases occurred in Columbia
County, which experienced an average growth rate between 1960 ‘and 1980 of
about 10 percent per year. The rural counties - Allendale, Bamberg, and Barn–
well – experienced population declines between 1950 and 1970; reversals of
this decline occurred between 1970 and 1980 when population increases for
these counties rarlged from 9 to 16 percent. The population growth rate
experienced in the study area during the last t“o decades was about equal to
that experienced in the southern United States and slightly leSS than the
growth rate experienced in the South Atlantic Region (Bureau of the Census,
1983).

In 1980 the estimated population in the 80–kilometer area around the Savannah
River Plant was approximately 563,300 persons. The year 2000 population in
this area is estimated at 852,000 persons. This estimate was calculated using
the 1970-to–1980 growth rate of each county in the 80-kilometer area, assuming
these growth rates would continue in the future. For counties that experi–
enced a negative population growth rate between 1970 and 1980, the calcula-
tion assumed that no continued population decline would occur.

I TC
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Table 3-2. 1980 Population for Counties and Places
of 1000 Persons or Greater”

1980
Location population

Aiken County, South Carolina 105,625
City of Aiken 14,978
Town of Jackson 1,771
City of North Augusta 13,593
City of New Ellenton 2,628

Allendale County, South Carolina 10,700
Town of Allendale 4,400
Town of Fairfax 2,154

Bamberg County, South Carolina 18,118
Town of Bamberg 3,672
City of Denmark 4,434

Barnwell County, South Carolina 19,868
City of Barnwell 5,572
Town of Blackville 2,840
Town of Williston 3,173

Columbia County, Georgia 40,118
City of Grovetown 3,384
City of Harlem 1,485

Richmond County, Georgia 181,629
City of Augusta 47,532
Town of Hephzibah 1,452

Study area total 376,058

a. Adapted from the Bureau of the Census (1982a,b).

3.1.2.3 Land Use

In the six-county study area, less than 8 percent of the existing land use is
devoted to urban and developed uses. Most land uses of these types are in and
around the Cities of Augusta and Aiken. Agriculture accounts for about 21
percent of total land use; forests, wetlands, water bodies, and unclassified
lands that are predominantly rural account for about 70 percent of total land
use.

All the counties in the study area have a land–use plan, and Columbia and
Richmond Counties have zoning ordinances. The projected future land uses of
the study area are very similar to the existing land–use patterns. Developed
urban land is projected to increase by 2 percent in the next 20 years. The
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largest percentage of this growth is expected to occur in Aiken and Columbia

Counties, as a result of the expansion of the Augusta metropolitan area.

Agricultural land thrOughOut the study area is undergoing a transition from

smaller operations to larger consolidated farms. This is especially true in
the rural areas of Allendale, Bamberg, and Barnwell Counties.

3.1.2.4 Public Services and Facilities

There are nine public schOOl sYstems ill the study area. Cou,lty-wideschool
districts are located in each county except Bamberg, which has two districts,
and Barnwe11, which has three. An estimated total of 3642 new students could
have been acconunodatedin the study area school districts in 1982.

Of the 120 public water systems in the study area, 30 county and municipal
systems serve about 75 percent of the population. A1l but four of the munic–

ipal and county “ater systems – the Cities of Aiken, Augusta, and North
Augusta, and Columbia County - obtain their water from deep wells. Aiken
obtains some of its water from Shaws Creek and Shiloh Springs, while Colun!bia
County and the Cities of Augusta and North Augusta obtain water from the
Savannah River. For those municipal and county water “systems that use ground-
water as their supply, restrictions in system capabilities are due primarily
to storage and treatment capacity rather than availability of groundwater.

Most municipal and county wastewater–treatment systems have the capacity to
treat additional sewage. Selected rural municipalities in Allendale, Bamberg,
and Columbia Counties and the City of Augusta in Richmond County have exper-
ienced problems in treatment–plant capacities. Programs to upgrade facilities
are under way or planned in most of these areas.

3.1.2.5 Housing

Since 1970, the largest increases in the number of housing units have occurred
in Colubia, Richmond, and Aiken Counties. Columbia County has grown the
fastest, more tharldoubling its number of housing urlits. Between 1970 and
1980, Aiken a~ldRichmond Co””ties each experienced about a 36-percent increase
in tbe number of housing units. In Aiken County, one-fourth of this [~crease
resulted from the high growth rate in the number of mobile homes.

The vacancy rate for owner-occupied housing units for the six–county area in
1980 was 2.3 percent. Individual county rates ranged from 3.6 percent in
Columbia County to 0.8 percent in Barnwell County. Vacancy rates for rental
units in 1980 ranged from 14,8 percent in Columbia County to 7.1 percent in
Bamberg County; the average for the study area was 10.5 percent.

3.1.2.6 Economy

3-8

The results of the 1980 census of Population indicate that between 1970 and
1980 there was a 35-percent increase in total employment, from 75,732 to
102,326 employees, in establishments with payrolls in the six-county area.
Service sector employment i~~rea~ed at these estat)lishmentsby 65 percent,
mirroring a national trend toward a service–based economy. Employment in



manufacturing increased by 27 percent, adding more than 9000 employees. Most
of the Overall expansion in the nwber of employment positions occurred in
Richmond and Aiken Counties.

About 31 percent of the workforce in the six–county area in 1980 was employed
in the service sector, and 27 percent in the manufacturing sector. Retail
trade was the third Largest category, accounting for IS pet-centof the work-
force. The remaining 27 percent of the workforce was dispersed among the
seven additional categories of employment reported by the Census. In 1980,
fewer than 2 percent of workers in the study area were employed in the cate-
gOrY Of agriculture, forestry, and fishing, while ~Iearly 4 percent were
employed in that category in 1970.

3.1.3 HISTORIC AND ARCHAEOLOGICAL RESOURCES

In 1985, 69 sites in the study area were listed i~~the National Register of ~c
ffistoricPlaces (see Appendix E). Richmond County had the largest number of
sites (27), most of which are in the City of Augusta. Approximately 25 more ~c
National Register sites are in Aiken and Allendale Counties.

In past years, the South Carolina Institute of Archaeology and Anthropology
has conducted various archaeological surveys on the Savannah River Plant
through the Sa”annah River Plant Archaeological Resource Program. An inten-
sive archaeological and historic survey was conducted in 1934 in the Pen
Branch and Four Mile Creek watersheds (Figure 3-4). As discussed in Appen-
dix E, 65 sites were located, about two–thirds of which were not considered ~
significant due to the lack of site integrity and limited research potential.
Consultations with the State Historic preservation Officer have determined
that none of the potentially significant sites possess the necessary charac-
teristics for nomination for inclusion in the National Register of Historic
W (see Appendix E). Intensive archaeological and historic resources
surveys of the Beaver Dam Creek floodplain area and the area west of the creek
in D–Area were conducted during October and November of 1985. Only one site,
38BR450, was located in the survey areas. As discussed in Appendix E, site AT-1

38BR450 is considered a significant archaeological resource and has been AT-2

reconunended for eligibility for nomination to the National Register of AZ-1

Historic Places.

3.1.4 GEOLOGY

3.i.L.l Geologic Setting

The Savannah River Plant is located i~lthe Aiken Plateau physiographic divi-
sion of the Upper Atlantic Coastal Plain of South Carolina (Cooke, 1936).
Figure 3–5 shows a generalized northwest-to–southeast geologic profile ~cro~~
the Savannah River Plant. The Aiken Plateau at the Plant is characterized by
interfluvial areas with narrow, steep–sided valleys. Because of the Plant’s
proximity to the Piedmont region, it has somewhat more relief than the near
coastal areas; onsite elevations range from 27 to 104 meters above mean sea
level.

The center of the Plant is about 40 kilometers southeast of the Fall Line
(Davis, 1902) that separates the Atlantic Coastal Plain physiographic province
from the Piedmont physiographic province (Figure 3-5). Crystalline rocks of
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Precambrian and Paleozoic age underlie a major portion of the gently seaward-
dipping coastal plain sediments of Cretaceus and younger age. Sediment-

filled basins of Triassic and Jurassic age (exact age is uncertain) occur
within the crystalline basement throughout tbe coastal plain of Georgia and
the Carolinas (DOE, 1984b). One of these, the Dunbarton Triassic Basirl,
underlies parts of the Plant (Marine and Siple, 1974).

3.1.4.2 Stratigraphyl%

Coastal Plain sediments in South Carolina range in age from Cretaceus to
Quarternary;they form a seaward-dipping and thickening wedge Of mOstlY uncon-
solidated sediments. Near the center of the Plant at H-Area, these sediments
are approximately 280 meters thick (Siple, 1967). The base of the sedimentary
wedge rests on a Precambrian and Paleozoic crystalline basement, which is
similar to tbe metamorphic and igneous rocks of the Piedmont, and on the silt-
stone and claystone conglomerates of the down-faulted Dunbarton Triassic Basin
(Figure 3-5). Immediately overlying the basement are the Middendorf-Black
Creek (Tuscaloosa) Formations (175 meters thick), which are Of Upper
Cretaceus age and are composed of waterbearing sands and gravels separated by
prominent clay units. Overlying the Middendorf/Black Creek is the Ellenton
Formation, which is about 18 meters thick and consists of sands and clays
interbedded with coarse sands and gravel (Siple, 1967). Four of the forma–
tions shown in Figure 3-5 – the Congaree, McBean, Barnwell, and Hawthorn -
comprise the Tertiary (Eocene and Miocene) sedimentary section, which is about
85 meters thick and consists predominantly of clays, sands, clayey sands, and
sandy marls. The near-surface sands of the Barnwell and Hawthorn Formations
are generally loosely consolidated; they often contain thin, sediment-filled
fissures (elastic dikes) (DOE, 1984b).

Quaternary alluvim is found at the surface in floodplain areas and as terrace
deposits. Soils at the Plant are generally uniform and rather shallow, about
1 meter deep. They are characterized by bleached Barnwell-Hawthorn sediments,
which result in a light–tan sandy loam.

3.1.4.3 Geologic Structures

The dew-faulted Dunbarton Triassic Basin underlies the southeastern portion
of the Savannah River Plant and contains several interbasinal faults. How-
ever, the sediments overlying these faults show no evidence of basin-induced
movement since their deposition during the Cretaceus Period (Siple, 1967;

*The accepted names for stratigraphic units are continually evolving as
additional information on the age of the units and their correlation with
similar units in ~th~r areas has ~urfa~ed. This is reflected in the different
names used by authors to identify subsurface units. The stratigraphic
nomenclature used in this doc~ent is the same as the usage of the various
authors whose works have been referenced. Therefore, different portions of
the text might ~~e different ~ames for the same geologic units. Similarly,
the same name might be ~~ed for geOlogi~ units or pOrtions of units that are
otherwise different. Figure 3–6 shows the correlation of the units used by
the various authors. The terminology used in this document is largely that of
Siple (1967).
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Marine and Siple, 1974). Other Triassic–Jurassic basins have been identified
in the Coastal Plain tectonic province of South Carolina and Georgia; these
features can be associated with the South Georgia Rift (Marine and Siple,
197I+; Popenoe and Zietz, 1977; Daniels, pOpenoe, and Zietz, 1983). The
Piedmont, Blue Ridge, and Valley and Ridge tectonic provinces, which are

associated with Appalachian Mountain building, are northwest of the Fall Line
(Figure 3-5). Several fault systems occur in and adjacent to the Piedmont al~d
the Valley and Ridge tectonic provinces of the Appalachian system; the closest
of these is the Belair Fault Zone, about 40 kilometers from the Plant, which
is not capable of generating major earthquakes (Case, 1977).

or any other

the Savannah

Surface mapping, subsurface boring, and geophysical investigations at the

Plant have not detected any faulting of the sedimentary strata
geologic hazards that would affeet SRP facilities (DOE, 1984b).

3.1.4.4 Seismicity

Two major earthquakes have occurred within 300 kilometers of
River Plant: tbe Charleston earthquake of 1886, which had an epicentral modi-
fied Mercalli intensity (~1) of X, and was located a.bOut145 kilometers awaY;
and the Union County, South Carolina, earthquake of 1913, which had an epi-
central shaking of MMI VII to VIII, and was located approximately 160 kilo-
meters away (Langley and Marter, 1973). An estimated peak horizontal shaking
of 8 percent of gravity (0.08g) was calculated for the site during the 1886
earthquake (Du Pent, 1982a). Site intensities and accelerations for other
significant earthquakes have been published by DOE (1982, p. G–7). No res-
ervoir induced seismicity is associated with Par Pond (see Figure 3-2).

On June E, 1985, a minor earthquake of local magnitude 2.6 (maximti inten-
sity: MM 111), and focal depth of 0.96 kilometer occurred at the Plant near
Aiken, South Carolina. The epicenter was just to the west of K- and C-Areas.
The acceleration produced by the earthquake was estimated to be less than
0.002g (Stephenson, Talwani, and Rawlins, 1985).

3.1.4.5 Streambed Sediments

Most of the cesiun-137 tfiathas been discharged to SRP creeks by Plant opera-
tions and by fallout from offsite weapons testing is associated with the silts
and clays found in the streambed and with suspended solids. The principal
mechanisms for this association are (1) cation exchange with kaolinite and
gibbsite cIay minerals; (2) sorption on minerals; and (3) chelation with
naturally occurring organic material. Figure 3-7 shows the variation in ion-
exchange capacity, clay content, and content of organic materials along the
course of Four Mile Creek and Pen Branch. A distribution coefficie,ltof K,
= 3960, measured for sediments from Four Mile Creek (Kiser, 1979), and the
work by Prout (1958) demonstrate the affinity of cesium-137 for the sediments
and suspended solids in the system.

The mineral composition of each particle-size fraction of the stream sediment
was observed to be quite uniform. Quartz was found to account for 80 percent
of the sand and 90 percent of the silt-size fraction; kaolinite dominated the
clay-size fraction (Hawkins, 1971). Minor gibbsite was found in approximately
half of the sediment and soil samples, regardless of location.
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The cation-exchange capacity (CEC) of sediment generally increases as particle
size decreases, because of an increase in organic rotter, clay-mineral con-
tent, and surface area in the finer fractions. Upstream samples contain less
clay and organic matter and have lower CEC values than those from near the
Savannah River swamp. Overall, the CEC of all samples was very low because of
the paucity of organic matter (1.26 percent sediments, 1,52 percent soils) and
the predominance of kaolinite. Kaolinite has the lowest CEC of the common
clay minerals; the CEC for SRP soils and sediment typically ranges from about
1.5 to 15.2 milliequivalents per 100 grams (Siple, 1967).

As a result of these affinities, sedimentation and sorption processes control
the distribution of ~esim_137 . The resuspension, transport, and deposition
Of sediment are governed by the hydraulic properties of the sediment and
streambed and by the creeks varied flow regime as a consequence of reactor
operations. In addition, the finegrained creekbed and floodplain sediments
(ClaY and silt) are usually associated with higher cesium-137 concentrations
than are the coarser grained sediments.

Since the early 1950s, the flow regimes of Four Mile Creek and Pen Branch,
including Indian Grave Branch, have been increased by the discharge of cooling
water and process effluent directly into the creeks. The drainage patterns of
the two creeks changed with erosion in the stream channels and deposition near
the point of discharge to the swamp. Deltas developed in the swamp. Depo-
sitional environments in both creeks presently extend from their deltas to
about 2.4 kilometers below SRP Road A, where near-neutral (neither erosion nor
deposition) conditions exist (Ruby, Rinehart, and Reel, 1981).

3.1.4.6 Geotechnical Properties of Sediments and Subsurface Materials,* I Tc

Near the center of the Savannah River Plant, the Congaree Formation (25 to 30
meters thick) consists of interfingered beds of very dense sands [SC and SM,
according to the Unified Soil Classification System (Lambe and Whitman, 1969)]
with stiff silts. Near its contact with the overlying McBean Formation, the
Congaree is characterized by a silty to sandy marl. Exploratory drilling
showed that penetration resisLance [as measured by the standard penetration
test (SPT) (Lambe and Whitman, 1969)] of the Congaree Formation is consist-
ently very high, frequently greater than 50 blows per 30 centimeters of pene-
tration. Geophysical surveys indicate a shear-wave velocity of about 470
meters per second over the entire thickness of the Congaree Formation.

A stiff to hard, glauconitic-clay to marl unit, which thickens from about 2
meters in the central portion of the Plant to about 18 meters in the
south-southeast portion, separates the McBean Formation from the Congaree TE
Formation. This clay is known locally as the “green clay.”

The McBean Formation, about 18 to 21 meters thick in the central region of the
Plant, is composed of sands (SM, SP), clay sands (SC), silts (ML, MH), and
clays (CL, CH) in the upper section, and of impure calcareous sands (SM, SC)
and silts (ML); indurated broken to slightly broken marl and fossiliferous
limestone might be present in the lower section. Exploratory borings have

9<F0rmatio” terminology after Siple, 1967. I TC
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encountered very soft plastic–clay lenses within and immediately overlying the
calcareous sediments. Portions of the calcareous zone, where present, have

been subjected to the subsurface leaching of appreciable amounts of calcareous
material. Thus, this zone is characterized by high penetratioIlresistance
where the material is competent, and very low penetration resistance, with
drops of drilling rods of 2 to 3 meters and loss of drilling fluids, where
dissolution and renlovalof material have occurred. The U.S. Army Corps of
Engineers grouted the calcareous zone beneath major structures when the facil-
ities on the Plant were constructed in the early 1950s (COE, 1952). The zone
with dissolution characteristics immediately overlies an impure limestone that
is characterized by high blow counts. The limestone units are discontinuous;
where they are present, the upper surface of the limestone is generally
irregular and undulatory. Above the basal calcareous zone, the sands of the
McBean are medium-dense with penetration resistance typically in the range of
10 to 30 blows per centimeters. In some areas, such as stream valleys, the

upper McBean sands can be in a very loose to lCJOSestate. Except in stream
valleys, shear–wave velocities are expected to raI]gefrom about 300 meters per
second in the upper portion of the formation to 440 to 470 meters per second
in the lower portion.

TE I A discontinuous clay unit (approximately 3.5 meters thick) known locally as
the “tan clay” separates the McBean Formation from the overlying Barnwell
Formation. The total thickness of the Barnwell in the central portion of the
Plant is about 25 meters, but it varies depending on the amount of erosion
that has occurred. The sands of the Barnwell Formation are typically classi-
fied as SC and SM with some SP material, whereas the clayey material is
usually classified as CL, ML, and MH. Penetration resistance in the Barnwell
is frequently low, with the sandy material exhibiting loose to very loose
densities and the clays soft to very soft consistencies. Two zones of loosely
compacted material have been identified, one near the top of the formation and
the other near its base. In these zones, the Penetration resistance is
usually less than & blows per 30 centimeters.

Undifferentiated floodplain alluvial sediments consist of interfingering
lenses of inorganic, very loose to loose and medium-dense sands (SP), gravels
(GM-GP), and clay-sand mixtures (SM and SC). The very soft and soft inorganic
and organic silts (ML, MH, and OH) and clays (GC) of this zone have also been
encountered in floodplain sediments. Typical deposits are about 5 meters
thick in the center of the valley and pinch out toward the valley walls.
Colluvial deposits are located on the flanks of the stream valleys and are
partially mixed with the floodplain sediments. They are composed of reworked
sediments of the McBean and Barnwell Formations a,ld form a drape 3 or more
meters thick over the valley slopes.

The potential for settlement and liquefaction exists beneath structures
founded above areas with low penetration resistance.

3.1.5 HYDROLOGY

3.1.5.1 Surface–Water Hydrology

The principal surface–water bOdy assO~iat~d with the Plant is the Savannah
River, which adjoins the site along its southwestern border. The total drain-
age area of the river, 27,388 square kilometers, encompasses all or parts of

3-18



41 counties in Georgia, South Carolina, and North Carolina. More than 77 per-
cent of this drainage area lies upriver of the Plant (Lower, 1985). On the
Plant, a swamp lies in the floodplain along the Savannah River for a distance
Of about 16 kilometers; the swamp is about 2.4 kilometers wide.

SiX principal trib~tarie~ tO the Savannah River are 10~ated on the SRp site:
Upper Three Runs Creek, Beaver Dam creek, F~~r Mile Creek, pen Branch, Steel
Creek, and Lower Three RUnS creek (Figure 3-2). Five of these onsite streams
have historically received thermal di~charge~ frOm SRp ~OOling water opera-
tions. Currently, only Beaver Dam Creek, Four Mile Creek, and Pen Branch are
receiving direct thermal discharges from the D–Area coal-fired powerhouse,
C-Reactor, and K-Reactor, respectively. Both L–Reactor and P–Reactor dis-
charge to cooling impoundments befOre the effluent is released to steel Creek
and Lower Three Runs Creek, respectively. The P–Reactor effluent is recir-
culated in Par Pond prior to discharge, whereas L–Reactor discharges its cool–
ing effluent to a ,OOn~e–thrO~gh,S ~OOling impoundment. No direct discharge of
SRP cooling water is made to the Savannah River.

StreamflowCharacteristics

Natural discharge patterns on the Savannah River are cyclic: the highest
river levels are recorded in the winter and spring, and lowest levels are
recorded in the summer and fall. Stream flow on the Savannah River near the
Plant is regulated by a series of three upstream reservoirs: Clarks Hill,
Russell, and Hartwell (DOE, 1984b). These reservoirs have stabilized average
annual stream flow to 288.8 cubic meters per second near Augusta (Bloxham,
1979).and 295 cubic meters per second at the Savannah River Plant (DOE, 1984b).

The river overflo”s its channel and floods the swamps bordering the Plant when
its elevation rises higher than 27 meters above mean sea level (which cor-
responds to flows equal to or greater than 438 cubic meters per second)
(Marter, 1974). River–elevation measurements made at the SRP Boat Dock indi-
cate that the swamp was flooded approximately 20 percent of the time (74 days
per year on the average) during the period from 1958 through 1967.

The peak historic flood between the years 1976 and 1981 was estimated to be
10,19O cubic meters per second (DOE, 1984b). Since tbe construction of the
upstream reservoirs, the maximum average ,monthly flow has been 1242 cubic
meters per second for the month of April (1964–1981).

There are three significant breaches in the natural river levee at the SRP
site; they are opposite the mouths of Beaver Dam Creek, Four Mile Creek, and
Steel Creek. During periods of high river level (above 27 meters), river

water overflows the levee and stream mouths and floods the entire swamp area.
The water from these streams then flows through the swamp parallel to the
river and combines with the Pen Branch flow. The flows of Steel Creek and Pen
Branch converge 0.8 ,kilometerabove the Steel Creek mouth. However, when the
river level is high, the flows are diverted
offsite Creek Plantation Swamp; ultimately
near Little Hell Landing (DOE, 1984b).

parallel to the river, aCrOSS the
they join the Savannah River flow ,
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Water Quality

Historically, the Savannah River has been subjected to many factors that
affect the water qualitY. Completion of the Clarks Hill Dam, located upstream
from the Plant at River Mile 237.7, resulted in decreased silt loading and
turbidity downstream. Because of the depth of withdrawal, the temperature of
the water decreased by abOut 5“C (Neill and Babcock, 1971). From 1951 until
1956, downstream reaches of the Savannah River were dredged to improve channel
alignment and navigability. This dredging temporarily increased suspended
solids, turbidity, and dissolved nutrients.

Improved wastewater treatment by municipalities since the mid–1960s has
reduced the nutrient loading and biochemical oxygen demand; however, indus-
trialization of the river basin in the metropolitan Augusta, Georgia, area has
increased total waste loading (DOE, 1982).

Variability of all water-quality parameters has diminished over the last 20
years, primarily because of flow stabilization by upstream dams. The pH of
the river is generally slightly acid. The river water is relatively soft, well
oxygenated, and low in chemical and biological oxygen demand (Lower, 1984).
Table 3-3 compares the 10-year mean Savannah River water quality measurements
upriver, at, and downriver of the Plant.

The annual average temperature of the Savannah River 3 kilometers upriver of
the Plant, from 1979 to 1982, was 17.8”c with a range of individual sample
analyses of 1.5° to 26.O”C. Similarly, below the Plant the average annual
temperature was 18.4”C and the range was 6.5° to 26.O”C. Figure 3-8
shows monthly average daily-maximum temperatures above and below the Plant
from 1971 to 1983. The river temperature increased by about l.O’)Con the
average over the 18 river miles between Ellenton Landing and Millet, South
Carolina, below Steel Creek. This increase was due, in part, to natural
warming as the water tended toward its equilibria temperature as the result
of impoundments upstream.

AS shown in Figure 3–8, June, July, August, and September are the warmest
river-temperature months. The average river temperature during these months
was about 25 percent higher than the annual average river temperature. From
June 1955 tht-ougbSeptember 1982, tbe river temperature at Ellenton Landing
equaled or exceeded 28”c three times and equaled or exceeded 28.3°C once
(DoE, 1984b).

Water Usare

The Savannah River downstream from Augusta, Georgia, is classified by the
State of South Carolina aS ~ ClaSS B waterway, suitable for agricultural and
industrial use, the propagation of fish, and - after treatment - domestic
use. The river upstream from the Plant supplies municipal water for Augusta,
Georgia (River Mile 187), and North Augusta, South Carolina (River Mile 201).
Dons tream, the Beaufort-Jasper Water Authority in South Carolina (River Mile
39.2) withdraws water to Supply a population of about 51,000. The Cherokee
Hill Water Treatment Plant at Port Wentworth, Georgia (River Mile 29.0), with-
draws water to SuPpIy a bu~ine~s-industrial complex near Savannah, Georgia,
that has an estimated conswer population of about 20,000 (Du pent, 1982b).

Plant expansions fOr bOth ~y~t~~~ are planned for the future.
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Table 3-3. Water Quality of the Savannah River, 1973 to 1982
Upriver of the SRP, at Pumphouse 3G and Downriver
at the U.S. Highway 301 Bridge’

Upstream of SRP Purnphouse3G Hwy. 301 Bridge
mean collcentratio~l,mean concentration, mean concentration,
1973-1982 (mg/1”) 1973-1982 (mg/1”) 1973-1982 (mg/1”)

Parameter RM 15S.5 RM 155.5 RM 118.7

Temperature (“C)
PH (units) (range)
Dissolved OXygeII

Alkalinity
Conductivityy

(um hos/cm)
Suspended solids
Volatile solids
Total dissolved
solids

Total solids
Biochemical oxygen
demand

Chemical oxygen
demand

Chlorides
Kjeldahl nitrogen

(N)
Nitrates +
nitrites (N)

Sulfates (S0,)
Total phosphates

(Po.)
Aluminum (Al)
AnunolIia(N)
Calcium (Ca)
Sodium (Na)
Iron, total (Fe)
Lead (Pb)
Manganese (Mn)
Mercury (Hg)

a. Source: Du Pent,
b. Except as noted.
c. NA - No analysis.

17.7
5.3-7.6

9.6
13.8
66.8

17.1
23.4
47.9

65.2
1.6

NAc

5.3
NA

0.693

5.17
0.464

0.382
0.108
2.24
7.66
0.34

NA
NA
0.002

1985b.

19.0
5.3-8.0

9.7
17.7
NA

24.1
22.1
58.6

83.0
0.73

10.7

6.2
1.0

0.294

4.3fk
0.098

0.97
0.147
3.66
9.33
0.90
0.42
0.01
0.001

18.1
5.5-7.3

9.5
13.9
67.9

16.2
23.3
48.2

65.7
1.5

NA

5.1
NA

0.637

5.14
0.421

0.443
0.090
2.23
7.24
0.32
NA
NA
0.002

The Savannah River Plant currently withdraws a maximum of 37 cubic meters per
second (about ,90 percent of the maximum pumping rate of 41 cubic meters per
second) from the river, primarily for use as cooling water in production
reactors and coal-fired powerhouses (DOE, 1984b). Almost all this water
returns to the river via SRP streams; consumptive water use is about 0.9 c,~>ic
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Meter per ~~~~~d at ~- and c_Reac~or~, 1.3 cubic meters per second at L- and
P–Reactors, and about 0.3 cubic meter per second at the D-Area coal-fired
powerhouse (DoE, 1984b).

The river also receives sewage treatment plant effluents from Augusta,
Georgia; North Augusta, Aiken, and Horse Creek Valley, South Carolina; and
other waSte discharges along with the heated SRP cooling water via its
tributaries. Withdrawal of a“ average of 1.3 cubic meters per secOnd from the
river for cooling and the return Of an average Of 0.35 ~~bic meter per second
from unit one Of the VOgtle Electric Generating plant began in 1987. These
withdrawal and return rates would double when both units were operating (NRC,
1985). The Urquhart Steam Generating Station at Beech Island withdraws
approximately 7.4 cubic meters per second of once-through cooling water.
Upstream, recreational use of impoundments on the Savannah River, including
water contact recreation, is more extensive than it is near the Plant and
downstream. No uses of the Savannah River for irrigation have been identified
in either South Carolina or Georgia (Du Pent, 1982b).

TC

3.1.5.2 Subsurface Hydrology

The geologic units that underlie the Savannah River Plant are components of TE
the hydrogeological system of the area (see Figure 3–6). Here the Coastal
plain sedimentary units that transmit water ~On~i~t Of the Barn~ell (~Ombined
with the overlying Hawthorn as one mapping ~nit), McBean, Congaree, Ellenton,
and Middendorf/Black Creek (“Tuscaloosa”) Formations (Figure 3-6). The
principal confining and ~emi-confining ~nit~ include the ‘ntan claY,,, which TE

separates the Barnwell and McBean Formations, the “green clay,” which sepa–
rates the McBean and Congaree Formations, the basal Congaree and Ellenton
clays, and the clay units in the Middendorf/Black Creek (Figure 3-9). South
and east of Upper Three Runs Creek, the water table (or unconfined ground-
water) generally occurs in the Barnwe11 Formation. Groundwater in the
underlying units occurs under semiconfined and confined conditions.

The Barnwell Formation at the Plant is recharged by precipitation, which moves
in a predominantly vertical direction to the water table at a rate of about
0.9 to 2.1 meters per year (Haskell and Hawkins, 1964). Natural discharge
from the Barnwell Formation is to the perennial creeks and to the McBean
Formation. From a water budget analysis for the central part of the Plant,
Hubbard and Emslie (1984) estimated that the annual recharge to the Barnwell
Formation is about 38 centimeters with about 13 centimeters of groundwater
discharging to the creeks and 25 centimeters seeping through the “tan clay” to
tbe McBean Formation.

The McBean Formation is recharged in offsite areas and by seepage from the
Barnwell Formation. Natural discharge is toward Upper Three Runs Creek, Four
Mile Creek, Pen Branch, and Indian Grave Branch, which is a tributary of Pen Tc
Branch.

The Congaree Formation is recharged in offsite areas and by seepage from the
McBean Formation. Natural discharge is toward the wetlands along Upper Three
Runs Creek and the Savannah River. There is no appreciable seepage downward
through the Ellenton clay or upward through the “green Clay.,q As a result of
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the natural discharge, the potentiometric head in the Congaree is lower than
that in the MiddendOrf/Bl~~k Creek Formations in ~ b=Oad area within ~bOut 10 ~E
kilometers of Upper Three Runs Creek and the Savannah River.

The Middendorf/Black Creek Formations are recharged in offsite outcrop areas TE
near the Fall Line in Aiken County, and through the overlying sediments north
and west of Upper Three Runs Creek. Natural discharge is toward the wetlands
along the Savannah River nOrth Of the plant. Water is also lost from seepage Tc
into overlying formations.

The water in the Coastal Plain sediments tends to be of good quality, suitable
for municipal and industrial use with minimal treatment. It is generally
Soft, slightly acid, and low in dissolved and suspended solids.

Most municipal and industrial water supplies in Aiken County are developed
from the Middendorf/Black Creek (“Tuscaloosa”) Formations. Domestic water I TE
supplies in Aiken County are developed primarily from the Barnwell, McBean,
and Congaree Formations. In Barnwell and Allendale Counties, the Middendorf/
Black Creek Formations occur at increasingly greater depths; some municipal \ TE
users, therefore, are supplied from the shallower COngaree and McBean
Formation or from their limestone equivalent. In these counties, domestic
supplies are developed from the Barnwell and McBean Formations.

3.1.6 ECOLOGY

The United States Government acquired the 780-square-kilometer (192,741 acres) ] TC

Savannah River Plant in 1951 (Du Pent, 1985b). At that time the land was

approximately two–thirds forested and one-third cropland and pasture (Dukes,
1984). With the exception of the production and support areas, many pre-
viously disturbed areas and open fields have been reclaimed by natural succes-
sion or have been planted with trees; these areas are managed by the U.S.
Forest Service. Today more than 90 percent of the Plant is forested. Table
3-4 lists recent SRP land utilization, other than the land used for chemical
or nuclear processes and support facilities. The Plant, which was designated
as a National Environmental Research Park in 1972, is one of the most exten-
sively studied environments in this country (DOE, 1984b).

This section describes the ecology of the Savannah River Plant and the sur-
rounding region. Appendix C presents results of many studies conducted in the
Savannah River, the Savannah River swamp, and the onsite streams.

3.1.6.1 Terrestrial Ecology

~

A general soils map of the Savannah River Plant (Adelott, 1977) grouped the
soil types into 23 mapping units. The dominant types are Fuquay/Wagram Soils
(27.3 percent), Dothan/Norfolk soils (9.6 percent), Savannah River Swamp and
Lower Three Runs Corridor (9.4 percent), Troop Loamy Sand, Terrace phase (8.4
percent), Gunter Sand (7.5 percent), and Vaucluse/Blaney Soils (6.5 percent).
Together these units account for approximately 70 percent of the soil :ypes
that occur on the Savannah River Plant.
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Table 3-4. La,ldUtilization, 1983”

Area

Land (acres)

Open fields
Slash pine
Longleaf pine
Loblolly pine
Pine-hardwood (60% pine)
Hardwood-pine (60~ hardwOOd)
Scrub oak
Upland hardwoods
Bottomland hardwoods
Other pine

Subtotal

650
35,000
37,500
48,000
4,000
6,300
2,000
4,500
29,000

100
167.050

Wetlands

Creeks/floodplains 24,500

Savannah River Swamp 10,000

Par Pond 2,500

Carolina bays 1,000

Other 1,000

Subtotal 39,000

Total 206,050’

a. Adapted from Dukes, 1984.
b. Exceeds total acreage of the Savannah River Plant because of

overlap in wetlands and bottomland hardwood acres.

Vegetation

The Savannah River Plant is near the line that divides the Oak-hickOrY–Pine
forest and the southern mixed forest. Consequently, it has species repre-
sentative of each forest association (DOE, 1984b). In addition, SRP vege-
tation has been influenced strongly by farming, fire, soil features, and
topography. NO virgin forest remains in the regiOn. Except for the produc-
tion areas and their support facilities, the U.S. Forest Service has reclaimed
many previously disturbed areas through natural plant succession or by
planting with pine (Du Pent, 1985b).

A variety of vascular plants (15o families, 1097 species) occur 011 the
Savannah River Plant (Dukes, 1984). (See Appendix C for greater detail and
Appendix F for a discussion of wetlands and floodplains.) Typically, scrub
oak communities cc,ver the drier sandy areas; l.ongleafpine, turkey oak, blue-
jack oak, blackjack oak, and dwarf post oak with ground cover of three am
grass and huckleberry dominate such communities. Oak-hickory hardwoods are
prevalent on more fertile, dry uplands. The characteristic species are white
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oak, post oak, southern red oak, mockernut hickory, pignut hickory, and lob-
lolly pine with an ~nde=sto~y of sparkleberry, holly, greenbrier, a“d poison
ivy.

The composition is more variable on moist soils found along small streams or
on old floodplains. Characteristic species include tulip poplar, birch, sweet
gulll,willow oak, water oak, and loblolly pine. The understory can include
dogwood, members of the honeysuckle family, holly, and red buckeye.

Bottomland hardwood forest borders the Savannah Ri”er swamp where it is sub–
ject to occasional flooding. Some common trees are sweet gum, swamp chestnut
oak, red maple, hackberry, laurel, blue birch, river birch, water oak, willow,
sycamore, winged elm, and loblolly pine. Palmetto, switch cane, greenbrier,
grape, crossvine, and trumpet creeper are also common.

The swamp bordering the Savannah River is subjected to seasonal flooding with
winter and early spring water levels 3 to &.5 meters higher than those of sum-
mer and fall. Bald cypress and tupelo gum are the dominant trees in the
Savannah River swamp, where standing water is present almost” year–round.
Black gum and water oak are also present.

The status of the smooth coneflower (Echinacea Iaev=gata), which is found on
the Savannah River Plant along the Burma Road, as a threatened and endangered
species is currently under status review by the U.S. Fish and Wildlife Service
(Currie, 1985). To date, the U.S. Fish and Wildlife Service has not identi-
fied any “critical habitat” on the Savannah River Plant. Conunerciallyvalu-
able plant biota on the Savannah River Plant include approximately 175,000
acres of timber managed by the U.S. Forest Service.

Wildlife

The diversity and abundance of wildlife that inhabit the Savannah River Plant
reflect the interspersion and heterogeneity of the habitats occurring at the
site. Because of its mild climate and the variety of aquatic and terrestrial
habitats, the Savannah River Plant contains a varied and abundant herpetofauna
(DOE, 1984b). Gibbons and Patterson (1978) provide a comprehensive descrip-
tion of the herpetofauna of the site, including taxonomy, distribution, and
ecological information. The species on the Plant include 31 snakes, 26 frogs
and toads, 17 salamanders, 10 turtles, 9 lizards, and 1 alligator (Dukes,
1984).

Species collected during intensive field studies on Steel Creek, particularly
during 1981 and 1982, are considered to be representative of species occurring
on similar creeks and wetland areas. Frogs and toads, turtles, and sala–
manders (in order of decreasing relative abundance) constituted more than 85
percent of the 65 species (69 percent of those on the Plant) found (DOE,
1984b).

Biologists have identified more than 213 species of resident and migrant birds
on the Plant. Gamebirds such as auail and dove were initiallv abundant on the
Plant but have declined since th;
fields to forests has reduced the

1960s because the conversion of agricultural
carrying capacity for these species. The
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South Carolina Wildlife and Marine Resource Department initiated a turkey–

breeding prOgram On the plant in 197z. As of 1984, about 135 turkeys had been

captured and used tO restOck Other areas Of the State (Dukes> 198L).

Waterfowl on the plant are mainlY winter migrants. Wood ducks are the only
~aterfo”l species to breed consistently in the SRp region. An estimated

10,000 to 15,000 ducks and cOOts spend the winter On the site; mOst congregate
on Par Pond and on other large ponds and Carolina bays. Another 1000 to 2000

ducks spend the winter in the 10wer swamPs and On the Savannah ‘iver (Dukes$
1984).

Commercially and Recreationally Valuable Biota

The ecosystems on the Savannah River Plant support many commercially and
recreationally valuable game populations; hOwever, DOE restricts recreational
use tO controlled hunts fOr white–tailed deer and feral hOgs. Many species
are highly mobile and travel offsite where activities such as hunting are
allowed. Other resident species that are edible and that travel offsite
include the ring-neck duck, wood duck, mallard, bullfrog, and various species
of turtles. The slider turtle is the most abundant turtle known to migrate
offsite; other common species that move offsite include the Florida tooter and
the snapping t(l~tle (DOE, 1984b).

Endangered and Threatened Species

Four species listed as either threatened due to similarity of appearance or
endangered by the U.S. Fish and Wildlife Service - the American alligator, the
bald eagle, the wood stork, and the red-cockaded woodpecker – have been
identified on the SRP. As stated above for plant species, the U.S. Fish and
Wildlife Service has not identified any “critical habitat” for animal sPecies
on the Savannah River Plant. (See Appendix C for more detail, especially
concerning definition of “threatened due to similarity of appearance.”)

Listed Federally as “threatened due to similarity of appearance,” the American
alligator is common locally and breeds in Par Pond, near D-Area, in the
Savannah River Swamp, along Steel Creek, in Pond B, and in Lower Three Runs
Creek. The ecology of this species on the Savannah River plant has been
examined intensively (Du Pent, 1985b).

The Federally endangered bald eagle is a fairly common permanent breeding
resident in South Carolina. Bald eagles migrate from the southeast to the
northern states and Canada in midsummer; they return south in the fall and
early winter to nest and rear their young (Sprunt and Chamberlain, 1970). The
first sighting of an active bald eagle nest on the SRP occurred in June 1986,
below Par Pond dam in the Lower Three Runs Creek drainage area. Two eaglets
were fledged from this nest in 1986 and 1987.

Endangered wood storks, which have been observed on the Savannah River Plant,
originate from the Birdsville rookery near Millen, Georgia.
delta,

The Steel Creek
Beaver Dam Creek area, and other sites in the Savannah River swamp

provide important feeding habitat for storks from this rookery (Du Pent,
1985b).
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The endangered red.~O~kaded wOOdpe~ker has ~ very restrictive requirement for

nesting habitat; it nests only in old (more than 50 years) stands of pines.
In 1987, the SRp had three active breeding pairs and a tOtal population of 14 TC
(A. B. Gould, U.S. Department of Energy, personal communication with J. L.
Oliver, NUS Corporation, August 20, 1987).

3.1.6.2 Aquatic Ecology

Aquatic FIora

The Savannah River is the dOmina”t water bOdY a~~O~iated with the Savannah
River plant. The river has experienced two significant alterations since the
early 1950S: (1) dredging in the main channel as far as Augusta, Georgia, and
(2) completion of upstream re~ervOir~ (Clark~ Hill in 1952; Hart”ell in ~96~;
Russell in 1984). These changes have affected the aquatic community by reduc-
ing shallow habitat and reducing transport of sediment and allochthonous par-
ticulate organic material (Patrick et al., 1967). The microflora of the
Savannah River is dominated by diatoms, althougtiblue-green algae are some-
times comon upstream from the Plant; their abundance is caused by organic
loading from municipal sources. The abundance and species distribution of
phytoplankton result, to some extent, from upstream reservoir overflow. Mac-
rophytes, most of which are rooted, are limited to shallow areas of reduced
current, such as oxbows, behind sandbars, in swamp areas, and along the
shallow margins of tributaries. Eight species of vascular plants have been
identified from the Savannah River adjacent to the Plant; the most common are
water milfoil, hornwort, alligatorweed, waterweed, and duck potato (DoE,
1984b).

Aquatic Fauna

Shallow areas and quiet backwaters and marshes of the Savannah River near the
Plant support a diverse aquatic invertebrate fauna. However, the bottom sub-
strate of most open portions of the river consists of shifting sand that dOe~
nOt provide optimw habitat for bottom-dwelling organisms. During the 1950s, TE
the river experienced a decrease in the total number of invertebrate species;
this decrease has been attributed primarily to the effects of dredging (Patrick
et al., 1967). The stabilization of the river discharge and the elimination
of habitat caused by the reduction in the flooding of backwater areas might
have contributed to the decline. Some recovery occurred during the 1960s and
1970s, but complete recovery has not taken place. The groups most affected
are those sensitive to the effects of siltation and substrate instability.
Mayflies and dragonflies predominated among insect fauna in earlier surveys.
In more recent surveys, dipterans (true-flies) have been dominant (DOE, 1984b;
ECS, 1985).

Results of insect faunal studies conducted have indicated substantial organic
loading to the river upstream from the Savannah River Plant. True-flies (par-
ticularly chironomids) dominated the drift communities, which is typical of ~
riverine system. Mollusks, such as snaila and clams, are also an important
component of the Savannah River invertebrate community. The Asiatic clam,
Corbicula fluminea, is found in the river and larger tributary streams in the
vicinity of the Plant (DOE, 1984b).
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The Savannah River drainage is typical of southeastern cOastal plain systems,
exhibiting a diverse fish fauna represented by 102 species (Dahlberg and
Scott, 1971). Eighty species have been found i,lthe streams, swamp, and river
near the SRP site (paller and Osteen, 1985).

A study of certain biota in the Savannah River was initiated in July 1982
(Du Pent, 1985b). The focus of this study was to examine the occurrence,
relative abundance, and distribution of adult and larval fishes in the river,
the SRP intake canals, and lower reaches of tributary creeks. (See Appendix C
for additional discussion.) Previous data and studies were reviewed, incor-
porated, or extended in this study.

Researchers collected 80 fish species as part of this study. The dominant
small fishes (excluding minnows) were sunfishes (especially redbreast) and
flat bullheads. The dominant large fishes were bowfin, spotted suckers, and
channel catfish. Other important species were largemouth bass, American eel,
white catfish, longnose gar, striped mullet, silver redhorse, chain pickerel,
and quillback carpsucker. The most abundant small forage species were shiners

TC I and brOOk ~ilvergide (DLIPent, 1985b; Paller and Osteen, 1985).

Species composition varied due to seasonal changes in fish movement and activ-
ity (e.g., spawning). The most conspicuous change was a decrease in the
relative abundance of sunfish during January. Bowfin, spotted sucker, flat
bullhead, and channel catfish were more abundant during January. The greatest
number of species (37) was captured during May, possibly because of migratory
movements or seasonal changes in activity related to spawning. Recruitment of
young of the year might have increased the relative abundance of some species
during August (Du Pent, 1985b).

Thermal effluents affect the structure of fish communities in the streams and
swamp on the Savannah River Plant. Studies of nonthermal, thermal, and post-
thermal areas in SRP stream and swamp systems indicate that the thermal
streams have markedly reduced species richness and abundance in relation to
ambient–temperature areas. these
factOrs (cover type, water d~pth,

ambient–temperature areas, habitat
water velocity) can strongly influence

species composition. The greatest differences in fish community structure
occurred between the swamp ~ite~ and areas sampled along the lower reaches of
tbe Four Mile Creek ~Orridor. Species richness declined substantially and
mosquitofish clearly dominated collections. Mosquitofish were either absent
or minor components of the co~unity at ambient-temperature sites (Du Pent,
1985b).

The 1983 i~hthy~plankt~n sampling program extended from February through July;
it included 26 river tran~ect~, 2 intake canals, and 33 tributary creeks of
the Savannah River between River Mile (RM) 29.6 and 187.1. During 1983,
researchers collected and identified 43,294 fish larvae and 7138 fish eggs
(Du Pent, 1985b).

IchthyoplanktOn den~itie~ were bighe~t dOw~tream of the Plant during Feb-
ruarY, March, and April, highest near the Plant during May, and highest
upstream of the plant during June and July. These trends correlated with
temperature and probably occurred because the l~~er river warmed to suitable
spawning temperatures before the upper river (Du Pent, 1985b).
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During March and April 1983, ichthyoplankton density decreased nearly five-
fold near the Plant between RM 141.7 and RM 150.4. This phenomenon did not
result from the destruction of larvae by thermal plumes from the Plant because
river temperatures were “ot abnormally elevated in the region; nor was it due

tO entrainment, because only 6.6 percent of the river discharge was entrained
during March and &.2 percent in April. The marked increase in ichthyoplankton
abundance below RM 150.4 probably resulted from an influx of larvae from
spawning areas in the swamps bordering the Plant. When river levels are
unusually high, as they were during the 1983 spawning season, SRP thermal
effluents discharge into the swamp rather than directly into the main channels
of the receiving streams. The resulting temperature increases in the swamp
might have stimulated spawning.

Patterns in stream–swamp ichthyoplanktonabundance on the Savannah River Plant
were comparable with those of adult fish. Generally, ichthyoplankton densi–
ties at swamp and creek “outh stations were substantially higher than those at
creek stations upstream from the swamp. Results from sampling throughout the
Steel Creek delta revealed that spawning activity differs substantially in the
different microhabitats available in the delta area. The deepwater, open–
canopy areas were the most productive for ichthyoplankton;
(sunfish and bass),

centrarchids
cyprinids (minnows), and percids (darters) dominated col-

lections. Although clupeids (herring and shad) were collected in the delta/
swamp areas, the numbers were much lower than those observed at creek mouth
stations. Generally, anadromous species appear to make minimal use of swamp
areas for spawning and restrict these activities to the creek,mouths. No
striped bass ichthyoplankton have been collected in swamp 0r creek mouth
locations.

During 1984, 1938 fish were collected from impingement samples on 107 sampling
dates. The number of fish impinged daily ranged from O to 190, with an aver-
age of 18 fish per day (Paller and Osteen, 1985). The average number of fish
impinged during 1984 was approximately half of the 37 fish impinged daily dur-
ing 1983 (Paller et al., 1984), but “as similar to the average of 19 fi~h
impinged during 1982 (ECS, 1983). These three years of data (1982 to 1984)
indicate that more than twice as many fish are impinged as the 7 per day
reported during 1977 (McFarlane, Frietsche and Miracle (1978). Generally, all
researchers found that sunfishes were the most dominant fish impinged, fol-
lowed by shad and herring. Highest rates of impingement generally occurred in.
the spring, associated with flood conditions (Du Pent, 1985b; palle~ and
Osteen, 1985).

Entrainment of larval fish and eggs at the SRP pumphouses during the 1984
spawning season totaled 23.4 x 10b ichthyoplankters (17.6 x 106 larvae and
5.8 X 106 eggs (Paller, O’Hara, and Osteen, 1985)), which was 37.o percent
less than the 37.2 x 106 larval and eggs entrained in 1983 (Paller et al.,
1984). The 1983 and 1984 entrainment values represent 8.3 and 9.3 percent,
respectively, of the total ichthyoplankton that passed by the intake canals
and Structures (paller, O’Hara, and Osteen, 1985). (See Appendix C for more
details concerning entrainment and impingement studies).

Endangered and Threatened Species

Recent fisheries surveys on the Savannah River revealed that the endangered
shortnose sturgeon spawn in the vicinity of the Savannah River Plant (Du Pent,
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1985b). Shortnose sturgeon larvae were collected in river water upstream,

downstream, and adjacent tO the plant during 1982 (twO larvae cOllected), 1983
(six collected), and 1984 (two collected). All of the sturgeon larvae col-

lected during 1982 were taken from the section of river between RM 150.8 and

RM 157.3, with none cOllected frOm the intake canals. One of the seven short–
nose sturgeon larvae collected in 1983 was found in the lG intake canal, one

was found in the 3G intake canal> and the remaining f‘Ve ‘ere found adjacent
to or downstream of the Plant. During 1984, both shortnose sturgeon larvae
were collected below the Plant. No larvae or juveniles were collected from

any SRP tributary stream during 1982, 1983 (Du Pent, 1985b), or 1984 (paller!

O’lfara,and Osteen, 1985).

A biological assessment Of the pOtential effects Of SRp OperatiOns On the
shortnose sturgeon in the Savannah River (Musks and Matthews, 1983) was sub-
mitted to the National Marine Fisheries Service (NMFS). The NMFS and DOE-SR
have concurred that the population of the shortnose sturgeon in the Savannah
River would not be jeopardized by SRp operations (Oravetz, 1983).

Commercially and Recreationally Valuable Biota

All thermal streams on the Savannah River Plant support depauperate fish popu-
lations, especially during periods of reactOr operations. However, the

Savannah River supports both comercial and sport fisheries (Appendix C).
Most fishing is confined to the marine and brackish waters of the coastal re-
gions of South Carolina and Georgia. The only conunercialfish of significance
near the Plant are the American shad, the channel catfish, and the Atlantic
sturgeon. (The commercial catch of American shad from the Savannah River dur-
ing 1979 was 57,600 kilograms.) These species are exploited to a limited
degree by local fishermen.

Sport fishermen are the principal consumers of river fishes, primarily sunfish
and crappie. Striped bass are classified as game fish in South Carolina and
Georgia (Ulrich et al., 1978).

The Fisheries Section of the Georgia Department of Natural Resources (GDNR)
published the results of a fisheries study conducted on the Savannah River
from July 1, 1981, to June 30, 1982 (Georgia Game and Fish DivisiOn~ 1982).
GDNR researchers collected data from sports fishermen on fishing effort, har-
vest, species sought, habitat or location fished, and angler origin. Approxi-
mately 4600 anglers fish i“ the freshwater section of the Savannah River.
Georgia residents constitute 68.2 percent of these anglers. The anglers fish
in both the mainstream (58.2 percent) and oxbows, creeks, and lakes (41.8 per-
cent) of the river. Freshwater anglers fish (43.8 percent of their time) fOr
bream (i.e., bluegill, redbreast sunfish, warmouth, redear sunfish, and
spotted sunfish); bream account for 73 percent of the fish caught. Largemouth
bass is the next most popular species (38 percent of the time); however, SUC-
cess is low (2.5 percent of the fish caught). About 90,000 kilograms of
freshwater fish are harvested from the lower Savannah River annually.

3.1.7 METEOROLOGY AND CLIMATOLOGy

The description of the meteorology of the Savannah River Plant is based on
data collected at the Plant a“d at Bush Field in Augusta, Georgia (Du pent,
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1980a, 1982b; NOAA, 1985). Additional information in the following sections
was obtained frOm magnetic tapes ~Ontaining data from the On~ite “meteorolo-
gicalprogram for the period 1975 through 1979.

3.1.7.1 Regional Climatology

The SRP area has a temperate climate, with mild winters and long sununers. The
region is subject to continental influences, but it is protected from the more
severe winters in the Tennessee Valley by the Blue Ridge MOuntain~ to the
north and nOrthwe~t. The SRP site and the surrounding area are characterized
by gently rolling hills with no unusual topographical features that would have
a significant influence on the general climate.

Winters are mild and, although cold weather usually lasts from late November
to late March, less than one-third of the days have a minimum temperature
below freezing.

3.1.7.2 Local Meteorology

SRP Meteorology Data System

Meteorological data are collected from a system of seven tOwer~ located
adjacent to each production area on the Plant and from the WJBF-TV tower about
15 kilometers northwest of the SRP boundary. The seven towers are instru-
mented at the stack height of 61 meters with vector vanes designed for tur–
bulence measurements (Kern and Mueller, 1979). The TV tower is instrumented
at seven levels (Heel, 1983) with bivanes and fast-response cup anemometers to
provide the same tYPe Of information as that received from the SRP towers
(Kern and Mueller, 1979). Platinum resistance thermometers at each of eight
levels on the TV tower provide temperature information on the lowest 300
meters of the atmosphere.

The data measured by this tower system are received in the Weather Center
Analysis Laboratory (WCAL) on the Plant. The data collected from the SRP
tower system and the WJBF-TV tower are used for real-time emergency-response
situations.

In addition to the tower data, extremes in daily temperature and rainfall are
recorded, and continuous measurements of temperature, relative humidity, and
pressure are kept. Rain gauges are located at various locations on the SRP
site.

Temperature and Humidity

Table 3-5 lists the average and extreme temperatures recorded for the Plant.
The annual average temperature at the Plant is 18°C. The monthly average
ranges from 7°c in January to 27°c in July (see Table 3-5). The extreme
temperatures observed are -16°C and 41”c. The Augusta, Georgia, long-term
temperature data are in agreement with those for the Savannah River Plant.

The length of the growing season for the Augusta area is normally 241 days,
with the first freeze on November 12, and the last on March 16. Freezing
temperatures have been observed, however, as early as October 17, and as late
as April 21.
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Table 3-5. Average and Extreme Temperatures (“C) at
Savannah River Plant, 1961-1981

Average temperature Extreme temperature

Daily Daily Record Record
Month maximum minimum Monthly maximum minimum

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Year

13
16
20
25
28
32
33
32
29
24
19
15

24

2
3
7

12
16
19
21
21
18
12
7
3

12

7
9
13
18
22
26
27
27
24
18
13
9

18

30
27
32
35
37
41
41
40
38
33
32
28

41

-16
-16
-12
0
5
9
14
13
5
-2
-8
-11

-16

The annual average daily relative humidity for the Plant ranges from 43 to 90
percent.

Average Wind Speed and Direction

The average annual wind speed measured in Augusta from 1951 to 1981 was 3.0
meters per second (see Table 3–6). The average annual wind speed recorded at
a height of 10 meters on the WJBF-TV tower near Beech Island, about 15 kilo-
meters northwest of the Plant, was 2.5 meters per second from 1976 to 1977.
The average monthly wind speed for Augusta, Georgia, is listed in Table 3-6
along with the prevailing wind direction for each month. This table also
lists the monthly and annual average wind speeds for three levels Of the
television tower.

Annual wind-direction f~equen~ie~ for the K-, C-, and D-Areas are shown in the
transport plots (Figures 3-10 through 3-12). These figures show the percent-
age of time that the wind blows from each of 16 directions (22.5<’sectors).
The information presented in these figures was produced from data taken at the
61-meter le~el (the stack height in most SRP production areas). Seasonal
transport is generally as follows: winter, northwest to southeast; spring,
west to east; aununer,toward the southeaat through north to northeast; and
autumn, toward the south”est and southeast. Because the pollutant dispersion
depends on atmospheric stability, annual wind ro~e~ are available for each of

the seven SRP towers for each of seven Pasquill-type stability classes;
seasonal wind roses are also available (Heel, 1983).
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Table 3-6. Average Monthly Wind Speed for Bush Field,
Augusta, Georgia, 1951-1981 and WJBF-TV
Tower, 1976-1977

Bush Field WJBF-TV
tower elevation (m)

Mean speed Prevailing
Month (m/see) direction 10 36 91

Jan. 3.2 w 3.0 L.5 6.1
Feb. 3.4 w 2.9 4.6
Mar.

5.8
3.6 w 3.3 4.5

Apr.
5.9

3.4 SE 2.8 4.2
May

5.4
2.9 SE 2.5 3.7

June
5.0

2.8 SE 2.4 4.0 4.8
July 2.6 SE 2.0 3.1 4.4
Aug. 2.5 SE 2.1 3.2 4.3
Sept. 2.5 NE 2.1 3.3 4.7
Oct. 2.6 Nw Z.& 4.1
Nov.

5.6
2.8 Ww 2.4 4.1

Dec.
5.6

3.0 Nw 2.7 4.4 6.3

Annual 3.0 SE 2.5 3.9 5.3

Precipitation

The average annual rainfall at the Savannah River Plant from 1952 through
1.978,was about 120 centimeters (Du Pent, 1982b). The average at Augusta from
1951 to 1980 was about 113 centimeters (NOAA, 1985). Table 3-7 lists the
means and extremes of precipitation for the Plant from 1952 to 1982. The
maximunimonthly precipitation was about 31.6 centimeters, re~Orded in August
1964. Hourly observations in Augusta show that the intensity of the rainfall
is normally less than 1.3 centimeters per hour.

3.1.7.3 Severe Weather

Extreme Winds

The strongest winds in the SRP area occur in tornadoes, which can have “ind
speeds as high as 116 meters per second. The next strongest surface winds
occur during hurricanes. During the history of the SRP, only Hurricane
Gracie, in September 1959, had winds in excess of 34 meters per second. Winter
storms with winds as high as 32 meters per second have been recorded occasion–
ally (Du Pent, 1982b). Thunderstorms can generate winds as high as 18 meters
per second and even stronger gusts. The highest l-minute wind speed recorded
at Augusta between 1951 and 1984 was 28 meters per second. Table 3–8 lists
the extreme wind speeds for 50- and 100-year return periods for three loca-
tions about equally distant from the plant (Simiu, Changery, and Filliben,
1979).
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Figure3-10.K-AreaTower 1975-1979
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Table 3–7. Precipitation at Savannah
River Plant, 1952-1982’

Monthly precipitation (cm)

Month Maximurr Minimum Average

Jan. 25.6 2.3 10.7
Feb. 20.3 2.L 10.9
Mar. 28.0 3.8 12.9
Apr. 21.0 1.5 8.9
May 27.9 3.h 10.8
June 27.9 3.9 11.1
July 29.4 2.3 12.5
Aug. 31.6 2.6 11.7
Sept. 22.3 1.4 10.2
Oct. 27.8 0.0 6.2
Nov. 16.5 0.5 5.9
Dec. 24.4 1.2 ~

Annual 121.3

a. Adapted from Du Pent, 1983c.

Table 3-8. Extreme Wind Speeds for Area of
Savannah River Planta
(meters per second)

Return period

Station 50-year 100-year

Greenville, S.C. 35 38
Macon, Ga. 30 31
Savannah, Ga. 35 39

a. Adapted from Simiu, Changery, and Filliben, 1979.

Thunderstorms

There is an average of 54 thunderstorm days per year at the Plant. The sununer
thunderstorms occur primarily during the late afternoon and evening; they can
be accompanied by strong winds, heavy precipitation, or, less frequently, hail
(NOAA, 1985). Summer thunderstorms are attributable primarily to convective
activity resulting from solar heating of the ground and the presence of a
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moist unstable maritime tropical air mass. Thunderstorm activity in the

winter months is attributable mainlY tO frOntal activitY.

Tornadoes

In the Southeastern United States, most tornadoes occur in early spring and
late summer, with more than 50 percent occurring from March through June. In
South Carolina, the greatest percentage of tornadoes occur in April and May,
about 20 percent (pepper and Schubert, 1978) in August and September. The

latter are spawned mainly by hurricanes and waterspouts. One or two tornadoes
can be expected in South Carolina during April and May, and one can be
expected each in March, June, JLIIY,August, and September (Purvis, 1977).

Weather Bureau records show 278 tornadoes in Georgia over the period from 1916
to 1958, and 258 in South Carolina for the period from 1950 to 1980 (Table
3-9) (Heel, 1983). The general direction of travel of confirmed tornado
tracks in Georgia and South Carolina is southwest to northeast.

Table 3-9. Tornado Occurrence by Month

Georgia (1916–1958) South Carolina (1950-1980)

Month Number Percent

Jan. 2L
Feb. 23
Mar. 49
Apr. 93
May 20
June 14
July 5
Aug. 10
Sept. 8
Oct. 2
Nov. 15
Dec. ~

Total 278

8.6
8.3
17.6
33.5
7.2
5.0
1.8
3.6
2.9
0.7
5.4
5.4

Number Percent

6 2.3
14 5.4
26 10.1
40 15.5
53 20.5
20 7.8
17 6.6
25 9.7
23 8.9
8 3.1
11 4.3

> 5.8

258

Occasional tornadoes are to be expected in the SRP area. Investigations of
tornado damage near the plant in 1975 a“d 1976 indicated wind speeds varying
from 45 to 78 meters per second (Du Pent, 1980a).

Hurricanes and High Winds

Thirty-eight damaging hurricanes occurred in South Carolina during the 272
years of record (1700 to 1972); the average frequency was one sterm every 7
years. These storms O~~~rred predominantly during August and September. At
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the SRP site, 160 kilometers inland, hurricane wind speeds are significantly
lower than those observed along the coast. Winds of 34 meters per second were
measured on the 61–meter towers only once during the history of the Plant,
when Hurricane Gracie passed to the north on September 29, 1959 (Du Pent,
1982b).

Precipitation Extremes

Heavy precipitation can occur in the SRP area in association with either
localized thunderstorms or hurricanes. The maximum 24-hour total was about
15.2 centimeters, which occurred during August 1964 in association with Hur-
ricane Cleo.

Hail and Ice Storms

Hail in association with a severe thunderstorm can be expected to occur in the
area about once every 2 years. Damage from such hail is rare. Ice storms
caused by freezing rain can be expected about once every 4 years and are
usually of short duration (Du Pent, 1982b).

3.1.7.4 Atmospheric Dispersion

Atmospheric Stability

The transport and dispersion of airborne material are direct functions of air
movement. Transport direction and speed are governed by the general patterns
of airflow (and by the nature of the terrain), whereas the diffusion of air-
borne material is governed by small-scale, random eddying of the atmosphere
(i.e., turbulence). Turbulence is indicated by atmospheric stability classi-
fication. About 25 percent of the time, the atmosphere is unstable in the SRP
regions; about 25 percent of the time it is neutral; and about 50 percent of
the time it is stable.

Mixing Heights and Low-Level Inversions

The mixing height is the level of the atmosphere below which pollutants are
easily mixed; it is often equal to the base of an elevated inversion. The
depth of the mixed layer at the Plant has been measured by an acoustic sounder
(Schubert, 1975). The acoustic data indicate that, as the day progresses, the
mixing height rises beyond the 1000-meter range of the sounder.

An analysis of 5 years of upper–air meteorological data recorded at several
stations in the SRP area (Holzworth, 1972) provides further mixing–height
information. The average afternoon mixing height is about 1005 meters in the
winter, 1700 meters in the spring, 1890 meters in the sununer,and 1400 meters
in the autumn. Mixing heights over the SRP site could be expected to be
slightly lower.

Temperature inversions (air temperature increases with the height above the
ground) inhibit atmospheric turbulence; hence, they are associated with small
rates Of atmospheric diffusion. Detailed temperature–inversion data are
available from instruments on the WJBF–TV tower. The 1974 temperature meas-
urements between 3 and 335 meters were analyzed to determine the frequency of
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occurrence Of several categories Of temperature structure (pendergast! 1976).
About 30 percent of the time, a temperature inversion extended to or beyond

the 3-tO-335-meter layer. About 12 percent of the time, there was an elevated
inversion with an unstable layer below; this represents the earlY-mOrning
breakup Of a nighttime inversion. About 9 percent of the data showed an

inversion at the lower levels with an unstable layer above; this represents
the transition periOd between an unstable daYtime regime and the Onset ‘f a
nighttime inversiOn.

Restrictive-Dilution Conditions

The dilution capacity of the atmosphere depends on loCal wind speed, wind-

direction variability, mixing depth, and the vertical temperature profile.
From 1960 to 1970, the SRP area had about 50 forecast-days of high air-
pollution potential, or an average of about 5 days per year (Holzworth,
1972). Air pollution episodes are most frequent in autumn, when large anti-
cyclones, which are characterized by low wind speeds, clear weather, and
large-scale temperature inversions, become nearly stationary Off the Atlantic
coast, affecting much of the Eastern United States.

Air Quality

The States of South Carolina and Ge.argiahave established air–qualitY-samPling
networks. The Savannah River Plant operates an onsite sampling netwOrk.
These networks monitor suspended particulate , sulfur dioxide, and nitrogen
dioxide. Ambient concentrations of these pollutants near the Plant in 1984,
were below local air-quality standards (Du pOnt, 1985a).

Correlation of Predicted to Measured Offsite Airborne Radionuclide Concentra-
*

A statistical air-pollution model, XOQDOQ, uses joint-frequency data on wind
speed, wind direction, and atmospheric-stability class to estimate average
relative effluent concentrations, X/Qs, and average relative deposition values,
D/Qs, at specified locations and at standard radial distances downwind. It is
based on a modified Gauasian-plume equation that assumes uniform horizontal
dispersion over each of 16 sectors and calculates vertical dispersion using
curves fitted with polynomials (Sagendorf and Goll, 1977). The mixing height
is set to 1000 meters.

Predictions of the model were compared with measurements in air of the inert
radioactive gas, krypton-85, which is routinely emitted in small quantities
from the SRP chemical-separations facilities. The model predictions were
slightly higher than the measured values (Telegadas et al., 1980).

3.1.8 RADIATION AND RADIONfJCLIDESIN THE ENVIRONMENT

3.1.8.1 Sources of Environmental Radiation

Environmental radiation consists of natural background radiation frOm COSmiC,
terrestrial, and internal body sources; medical radiatiOn; radiatiOn frOm
weapons test fallout; radiation from consumer and industrial products and air
travel; and radiation from nuclear facilities.
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Natural radiation cont~ib~te~ about 48 pe~~ent of the an~~al d~~e of 195
millirem received by an ~ver-ge member of the population within 80 kilometers

of the Savannah River Plant. Medical exposure accounts for 47 percent of the
annual dose, and the combined doses from offsite weapons test fallout, con-
sumer and industrial products, and air travel account for about 5 percent of
the dose. Releases of radioactivity to the environment from the Plant account
for less than 0.1 percent of the total annual dose (DOE, 1984b).

External natural radiatiO” cones from cosmic ~ay~ and the ~mis~ion~ from
natural radioactive ores. It is highly variable with location and altitude.
Internal natural radiatiOn ~ri~es primarily from pota~~im_40,
rubidiwn-87,

carbon-14,
and daughters of radiun-226. The widespread distribution of fer-

tilizers and food, as well as population mobility, has an averaging effect for
these long-lived“radionuclidesthat produce the internal dose. The estimated
aVerage internal radiation exposure in the United states from natural ~adiO_
activity is 28 millire” per year (BEIR III, 1980).

Medical radiation is the largest source of exposure to manmade radiation in
the United States. The average dose to an individual from medical and dental
X-rays, prorated over the total population, was 78.4 millirem per year (BEIR
III, 1980). (Prorating the dose over the population, as used here and in
following parts of this section, is a means of arriving at an average dose
that, when multiplied by the population size, produces an estimate of popula–
tion exposure. It does not mean that every member of the population receives
radiation exposure from these sources.) In addition, radiopharmaceuticals
administered to patients for diagnostic and therapeutic purposes account for
an average annual dose of 13.6 millirem when prorated OVer the population.
The occupational exposure of 0.45 millirem per year to medical and dental per-
sonnel must be added to these patient doses. Thus, the average medical radi-
ation dose in the U.S. population is about 92.5 millirem per year.

Fallout from nuclear weapons tests is a small source of radioactivity in the
environment. The large-scale atmospheric tests conducted by the United States
and the Soviet Union in 1961 and 1962 introduced radioactive materials into
the stratosphere that were later distributed worldwide. A small amount of
radioactivity from these tests continues to be deposited. The more recent
Chinese and French tests have maintained a relatively constant rate of fallout
deposition. The past and present fallout contributes to human exposure
through (1) external radiation from radioactive material on the earth,s
surface; (2) internal radiation from inhalation “of airborne fallout; and (3)
internal radiation from ingestion of food and water contaminated by fallout.

Cesium-137 deposited from past nuclear weapons tests is the major source of
long-lived external gama radiation from fallout. Short–lived radionuclides
also contributed significantly to external radiation for a few years after
major tests but now contribute little to the dose. The curre~ltdose rate from
external gamma radiation is estimated at O.9 millirem per year (EPA, 1972).

Most doses from inhalation of fallout are received in the years immediately
after exposure. However, doses from strontium-90 and plutonium-239 will be
received over a lifetime because of the long residence time of these radio–
nuclides in the body. The annual dose from inhaled fallout radioactivity was
estimated at only 0.04 millirem in 1969 (EPA, 1972) and is now even lower.
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Inge~tiOn of radioactivity in food and water is the largest source of radia-

tion exposure from fallOut. The estimated dose from this source of exposure
in 1980 was 3.7 millirem per year: 0.6 millirem from carbon-14, 0.4 millirem
from cesim-137, and 2.7 millirem from strontium-90.

The average annual tOtal-body dose in 1980 from fallout from nuclear weapons
tests was estimated at 4.6 millirem: 0.9 from external gamma and 3.7 from
ingested radioactivity.

A variety of consmer and industrial products yield ionizing radiation or ra-
dioactive materials causing radiation exposure to the general population.
Some of these sources are television sets, luminous-dial watches, airport
X-ray inspection systems, smoke detectors, tobacco products, fossil fuels, and
building materials. The estimated total-body dose for the U.S. population
from these sources is 4 to 5 millirem per year (BEIR III, 1980). About three–
fourths of this dose is from external exposure to naturally occurring radio-
nuclides in building materials.

I Persons who travel by aircraft receive additional exposure from cosmic radia-
tion; at high altitudes the atmosphere provides less shielding from this
source. The average annual dose to an airline passenger is 2.8 millirem,
which when prorated over the entire U.S. population amounts to an average dose
of 0.5 millirem per year (BEIR III, 1980).

3.1.8.2 Environmental Radiation Levels in the Southeastern United States

The contribution of cosmic radiation to natural background dose varies with
both latitude and altitude and thus will be unique to a particular location.
Sea-level doses range from 30 millirem per year in Florida to 45 millirem per
year in Alaska; the exposure rate increases to 200 millirem per year at an
altitude of about 2400 meters (EPA, 1977), The average unshielded cosmic ra-
diation dose in Georgia and South Carolina is 40 millirem per year (EPA, 1972).

Terrestrial gamma radiation (external to the human body) is attributed pri–
marily to gamma-emitting radionuclides in the natural radioactive series
derived from uranium and thorium, with some additional contribution from
potassiw-40. Variation in the distribution of these natural radioactive
materials with geologic formations and their inclusion in construction mate-
rials commonly used in urban areas lead to a wide variation with location.
The average unshielded external dose from this source is 60 millirem per year
in Georgia and 70 millirem in South Carolina. However, the variation in these
states, including the SRP area, ranges from 6 to more than 350 millirem.

Nuclear facilities in an area will also contribute to the environmental radia-
tion level. The growth of the nuclear industry and nuclear facilities in the
southeastern United States - from West Virginia to Florida and from Arkansas
to South Carolina - has been rapid, most of it occurring in the 1970s. In

this region, 24 power ~eactor~ were either operating or licensed to operate in
1981. Another 34 power ~eactor~ ~ere under ~on~t=uction and 4 reactors were
being planned. When all of these are operating, there will be 62 power
reactors in the sOuthea~tern United states. Typically, the average radiation
dose to individuals within sO kilometers of a nuclear facility is quite 10W.



Data on releases from 46 nuclear powerplants operating in 1979 indicate that
the average radiation dose within 80 kilometers of a plant was 0.025 millirem
(NRc, 1982).

An airborne radiological survey of the Savannah River coastal region was per- ~E
formed in 1975 to establish terrestrial dose equivalent rates (Hayes, 1977).
These rates varied from about 0.001 millirem per hour over water to 0.009
millirem per hour at one location on Wassaw Island. In general, the higher
rates occurred over beaches, where heavy minerals containing natural thorium
and uranium occur. Excluding the water areas, the terrestrial rate averages
abOut 0.003 millirem per hour in this area, which is comparable to other
Coastal Plain rates of 0.002 to 0.003 millirem per hour and is about one-half
that measured for the Plant. The average dose equivalent rate for the
Savannah River marine area is about the same as that measured in Galveston,
Texas, and Cape Canaveral, Florida, and somewhat less than that in the LoS
Angeles, California, area. One radiation anomaly defined in this survey was
noted on Hutchinson Island, Florida, where dredge spoils have been deposited.
The cesium-137 concentration of the post-1957 dredge soil sediment ranges from
about 0.3 to 2.7 picocuries per gram. About half the cesium-137 in the post-
1957 sediment can be attributed to fallout from weapons testing (Marter, 1974).

3.1.8.3 Environmental Radiation Levels in the Vicinity of the Savannah
River Plant

A summary of the major sources of exposure for the population within 80 kilo-
meters of the Plant and for the river–water-consuming population in Beaufort
and Jasper Counties, South Carolina, and in Port Wentworth, Georgia, is pre-
sented in Table 3-10. Many of the factors such as the internal radionuclide
dose and the medical dose are independent of the site. The factors that are
site-dependentare discussed below.

The Savannah River Plant and the surrounding area lie between latitudes 33°N
and 34°N, with an altitude variation between sea level and roughly 100
meters. The estimated total unshielded dose equivalent from cosmic radiation
in the vicinity of the Plant within an 80-kilometer radius is 35 millirem per
year, of which 29 millirem per year are from the ionizing component and 6
millirem per year are from neutrons (Langley and Marter, 1973). Shielding by
buildings and the body reduces the cosmic radiation dose to about 32 millirem

per year - a 10-percent reduction.

Within 80 kilometers of the Plant, measured external gamma dose rates range
from 6 millirem to 385 millirem per year (Dukes, 1984). A value of 55
millirem per year represents the average unshielded external terrestrial
background in the vicinity of the Plant. Shielding by buildings and the body
reduces this terrestrial radiation dose to about 33 millirem per year - ~
40-percent reduction.

Atmospheric testing caused 25,600,000 curies of cesiurn-137to be deposited on
the earth’s surface (United Nations, 1977). About 104 millicuries of cesiurn-
137 per square kilometer were deposited in the latitude band 30”N to 40”N,
where South Carolina is located. The total deposition was 2850 curies in the
27,400 square kilometers of the Savannah River watershed and 80 curies of
cesium-137 in the 780 square kilometers of the Plant. The deposited cesim–
137 became attached to soil particles and has undergone only slow transport
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Table 3-10. Major Sources of Radiation Exposure in the Vicinity
of the Savannah River Plant

Dose to average
individual Percent of

Source of exposure (mremlyr) exposure

Natural background radiatiOn
Cosmic radiation 32.0
External terrestrial gama 33.0
Internal 28.0

Total 93.0 47.6

Medical radiation
Diagnostic X-rays 78.L
Radiopharmaceuticals 13.6
Medical and dental personnel 0.5

Total 92.5 47.3

Weapons test fallout 4.6 2.4

Consumer and industrial products 4.5 2.3

Air travel 0.5 0.3

Nuclear facilities (other than SRP) 0.1 0.1

Savannah River Plant environmental
radioactivity (1980) 0.2 0.1

Grand total 195.4

from the watershed. Results from routine SRP Health Protection Department
monitoring programs indicate that since 1963 about 1 percent of the 2850 CU-
ries of cesium-137 deposited on the total Savannah River watershed has been
transported down the river (Hayes, 1983).

Onsite monitoring conducted by the SRP Health Protection Department frOm 1976
to 1982 shows that an average of 50 millicuries per square kilOmeter Of
cesium-137 were in the upper 5 centimeters of the soil col~n within an 81J-
kilometer radius (DLIPent, 1983a). This value is one-half the amount
originally deposited from worldwide fallout and implies that some of the
radiocesiurnhas undergone hydrologic transport to the Savannah River.

SRP monitoring in the Savannah .River shows that the concentration Of radiO–
cesium in river water has been very low i~ the past several years. From 1979
through 1982, the mean concentration of cesiurn-137at the U.S. Highway 301
bridge was 0.08 picocurie per liter and was near the limit of detectiOn at the

3-46



control station upriver of the Plant (Du Pent, 1980b, 1981, 1982c, 1983a).
For the second quarter of 1983, measurements of the radiocesium in the potable
water at the North Augusta, Beaufort-Jasper, and Cherokee Hill water-treatment
Plants averaged 0.006, 0.028, and 0.033 picocurie per liter, respectively, or
less than 0.017 percent of the EPA drinking water standard of 200 picocuries
per liter (Kantelo and Milhom, 1983).

Turbulence in the Savannah River generally keeps fine soil particles in sus-
pension. These particles are deposited where the river velocity and turbu-
lence are low, such as inside river bends, downstream from obstructions, in
oxbow lakes, and on the floodplain, and where flocculation occurs in the
estuary below .River Mile 40. Riverbed sediments upstream from the Plant nor-
mally have about 1 picocurie per gram or less of radiocesiurn(Du Pent, 1982b).

In 1974, riverbed sediments downstream of the Plant had concentrations of
radiocesim of about 2 picocuries per gram near the U.S. Highway 301 bridge
and 6.5 picocuries per gram at the South Carolina Highway 119 bridge near
Clyo, Georgia (Du Pent, 1982b). Studies performed in 1978 showed that the
radiocesim concentrations were about 0.6 picocurie per gram at the control
station above the Plant and less than 0.8 picocurie per gram at sampling
stations between Little Hell Landing and the Highway 301 bridge (Du Pent,
1982b).

In 1983 the tritium concentrations in the potable water produced by the
Beaufort-Jasper and Cherokee Hill water–treatment plants averaged 2100 and
2800 picocuries per liter, respectively, or less than 14 percent of the EPA
drinking water standard of 20 picocuries per milliliter; very low concentra-
tions of cobalt–60, strontiun-89 and -90, iodine-129, uranium, and plutonium-
239 were also measured in the water produced by these plants (Du Pent, 1984).

Whole-body bioaccumulation factors - the ratio of cesium-137 concentrations in
fish and cesium-137 concentrations in water - for fish taken from the Savannah
River at the U.S. Highway 301 bridge from 1965 to 1970 average about 2300.
Tbe mean bioaccwulation factor for 20 species of fish (527 specimens) from
Steel Creek was found to be 2019 whole–body and 3029 flesh (Smith et al.,
1982; Ribble and Smith, 1983).

The radiation dose to a hypothetical individual on the Plant boundary from
1984 SRP atmospheric releases of radioactive materials was 2.4 millirem maxi-
mum and 0.87 millirem average. The average dose from sRP atmospheric releases
to persons living within 80 kilometers of the Plant was 0.2 millirem per
year. The maximum radiation doses to an individual downriver of the Plant who
consumed Savannah River water were O.2 millirem (adult) at the Cherokee Hill
water treatment plant at Port Wentworth, Georgia, (near Savannah) and 0.18
millirem (child) at the Beaufort–Jasper County water treatment plant near
Beaufort, South Carolina (Du Pent, 1985a).

The only other nuclear facility within 80 kilometers that has been operational
during the operating history of the Savannah River Plant is a low-level-waste
burial site operated by Chem-Nuclear Systems, Inc., near the eastern boundary
of the Plant. This facility, which started operation in 1971, releases essen-
tially no radioactivity to the environment (Chem–Nuclear Systems, Inc., 1980),
and the population dose from normal operations is negligible. Plant Vogtle’s
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unit 1 began commercial operations on June 1, 1987; therefore, background

radiation levels will be evaluated as the data becomes available.

The Plant has monitored onsite streams since the early 1950s. Water quality

monitoring in onsite streams shows that radioactive releases prior to entry

into the Savannah River are well within DOE concentration guidelines estab-
lished for releases tO uncontrolled areas (Ashley and Zeigler, 1981; Ashley,
Zeigler, and CulP, 1982; Ashley et al., 1982; Du Pent, 1985b).

Appendix D contains additional information on radiocesium and tritium in the
SRP environment.

3.2 PEN BRANCH AND INDIAN GRAVE BRANCH (K-REACTOR)

3.2.1 GEOGRAPHY

Pen Branch follows a path roughly parallel to Four Mile Creek until it enters
the Savannah River swamp (Figure 3-2). The only significant tributary to pen
Branch is Indian Grave Branch, which flows into Pen Branch about 8 kilometers
upstream from the swamp. Pen Branch enters the swamp about 5 kilometers from
the river, flows directly toward tbe river for about 2.4 kilometers, and then
turns and runs parallel to the river for about 8 kilometers before joining
with Steel Creek about 0.8 kilometer from its mouth at the river.

Pen Branch and Indian Grave Branch drain about 56 square kilometers of water-
shed upstream from the swamp. Indian Grave Branch receives the cooling water
from K-Reactor. Upstream from K-Area discharges, the flow of Indian Grave
Branch averages about 0.03 cubic meter per second and that of Pen Branch 0.1
to 0.3 cubic meter per second.

3.2.2 HISTORIC AND ARCHAEOLOGICAL RESOURCES

The most recent archaeological a“d historic resources survey of the Pen Branch
watershed area, which includes Indian Grave Branch, was conducted from May
through August 1984. Forty sites were located in the watershed during this
survey (see Figure E-1 in Appendix E). Of the sites found in the Pen Branch
area, none is in an area that could be affected by tbe proposed cooling–tower
alternatives for K-Reactor.

3.2.3 HYDROLOGY

Since November 1976, a USGS flow recorder has been maintained at SRP Road
A-13.2 on Pen Branch. From 1976 to 1982, the flow at this statioriranged from
a minimum of 0.6 cubic meter per second when K-Reactor was not operating to a
maximum of 26.9 ~~bic meters per second during simultaneous K-Reactor opera-
tion and heavy precipitation. During water year 1982, the mean flow rate at
this station was 10.8 cubic meters per second.

Before 1951, Pen Branch was a small, single-channel meandering creek flowing
thrOugh a broad, heavily vegetated floodplain. K-Reactor effluent changed the
creek to a wide, multichannel, braided stream system flowing within denuded
floodplains (Ruby, Rinehart, and Reel, 1981). Severe erosion straightened,
widened, and deepened sections of the stream channel immediately below the
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reactor discharge point. Further downstream, multiple channels formed across
the floodplain to accommodate the increased flow and sediment load. A com-
bination of thermal stress, flooding, and root disturbance caused extensive
vegetative 10SS arO~nd the ~~eek. Deltas accreted at the stream mouth where a
substantial volume of the eroded material was deposited. Deposition was ini-
tially rapid, and then gradually tapered off as the drainage system increased
in size. Present deposition rates are slow, and minor recolonization of
thermally resistant vegetation has begun (Ruby, Rinehart, and Reel, 1981).

Data collected under the recent intensive water quality study initiated in
July 1983 suggest that input of large flows (11 cubic meters per second) of
Savannah River water at high temperatures (40”-70”C) has the most pro-
nounced effect on the water quality of Pen Branch. Concentrations of nutri-
ents, cations, and metals in the thermal portion of Pen Branch reflect those
of its source “ater, the Savannah River (Du Pent, 1985b). Table 3-11 provides
a comparison of selected water-quality parameters from sampling points
upstream and downstream of K-Reactor discharges.

3.2.4 ECOLOGY

3.2.4.1 Terrestrial Ecology

Indian Grave Branch/Pen Branch have about 1730 acres of wetlands upstream of
the swamp. Emergent marsh (115 acres) and open water (145 acres) are common
below the K-Reactor discharge point. Some hardwoods exist on the outer pe–
rimeter of the thermally affected areas (326 acres), but most occur in non-
thermal tributaries (338 acres) or upstream of the K-Reactor discharge (724
acres). K–Reactor cooling water releases have altered more than 38 percent
(670 acres) of the Indian Grave Branch/Pen Branch forested wetlands (Du Pent,
1985b). The star-nosed mole, marsh rabbit, beaver, muskrat, rice rat, river
otter, and mink are manunalscomonly associated with wetland/floodplain habi-
tats. Studies indicate that none of these mammals inhabit reactor effluent
streams on the Savannah River Plant during periods of elevated water tempera-
tures. Beaver and otter, however, have been found to reoccupy these streams
within 24 hours of reactor shutdown (DLIPent, 1985b).

The Savannah River Swamp System is used extensively by waterfowl, particularly
during the fall and winter months when these areas provide foraging habitat
for migratory species. Based on roost counts, 1200 wood ducks and mallards
wintered (1983-1984) in the Steel Creek delta and associated areas. Waterfowl
use of the swamp normally is associated with open areas with sparse vegetation
caused by increased flows and heated effluent. Of the 12 waterfowl species,
researchers have performed the most thorough studies of the foraging ecology
of the wood duck, followed by that of the mallard. Most of the swamp (ther-
mal, post-thermal, and nonthermal) was used by migrating wood ducks from Octo-
ber through March.

Approximately 22 species of amphibians and reptiles reside in the natural
(i.e., nonthermal) streams and swamps of the Savannah River Plant. All of
these species have also been reported in the post-thermal areas of Steel Creek
(Du Pent, 1985b).

TE

TE

TE

No amphibians or reptiles are known to persist on a routine basis in areas of TE
severe thermal alteration, although some species of frogs live in aquatic
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Table 3-11. Pen Branch and Indian Grave Branch Water Quality:
November 1983 to May 1984”

Parameter, Pen Branch Indian Grave Pen Branch

mean upstream Branch downstream of
concentration of K-Reactor downstream K-Reactor at

(mgll”) at Road B of K-Reactor Road A-13

Temperature (“C) 12.4 57.6’ 49.8<’
Dissolved oxygen 8.4 5.7 5.9
pH (units) (range) 5.3-8.5 5.9-8.7 5.6-8.1
Total suspended solids 10.5 11.7 25.1

Chloride 2.3 5.2 5.1
Phosphorus, total 0.029 0.078 0.083
Nitrate–nitrogen 0.035 0.289 0.266
Calcim, total 3.7 3.0 2.8
Aluminum, total 0.57 1.35 1.58
Sodium, total 1.7 5.3 5.5
Iron, total 0.54 1.06 1.22

a. Adapted from Du Pent, 1985b.
b. Except as noted.
c. During reactor operations; other tabulated values represent measurements

made during reactor operations and during periods of reactor shutdown.

habitats that experience elevated temperatures, and some have deposited eggs
in aquatic sites where extreme temperatures occurred. Frogs and toads exhibit
life history changes under elevated thermal conditions, particularly as tad-
poles, by developing and metamorphosing more rapidly and at smaller sizes than
larvae developing under normal temperature conditions (Du Pent, 1985b).

The slider is the most prevalent turtle on the Plant. This species apparently
thrives in areas of moderately elevated water temperatures; here they have
faster growth rates and attain larger body sizes than turtles from local
natural habitats. These changes can be attributed to improved diet quality, a
longer growing season, and more rapid ingestion rates (Du Pent, 1985b).

A few other reptile sDecies. Drimarilv water snakes and turtles. might also.,.
occur in thermally affected
ambient–temperature streams in

3.2.4.2 Aquatic Ecolo~

Aquatic Flora

areas, but not in numbers characteristic of
the region (Du Pent, 1985b).

The substrate from the upper reaches of Pen Branch is primarily sand and silt,
with interspersions of leaf packs, woo~y debris, macrophytes and algae, and
isolated gravel beds (Du Pent, 1985b). Blue-green algal mats similar to those
in Four Mile Creek cover the substrate. Riparian vegetation includes sedges,
grasses, wax myrtle, and buttonbush, while duckweed is abundant in the many
side pools and channels.
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The delta region of pen Branch is characterized by an open and closed canopy
Of living and dead bald cypre,ssand tupelo. Many channels braid through the
area in a shallow sheet flow. Dominant vegetation consists of smartweed,
arrowhead, creeping burhead, water primrose, sedges, and duckweed. Closed ~E
canopy areas at the delta support fewer emergent plants.

Aquatic Fauna

Between November 1983 and May 1984, studies for the Comprehensive Cooling-
Water Study sampled macroi”vertebrate~ frOm one ~tatiOn in the main pen Branch
channel and two stations in the pen Branch delta (Du p~nt, 19g5b; Appendix C).
The main channel of Pen Branch is dominated by (in decreasing abundance)
segmented worms (Oligochaeta), midges (Diptera), roundworms (Nematoda), and
Snails (Gastropod) . Also present were mayflies (Ephemeroptera), caddisflies
(Tricoptera), beetles (Coleoptera), scuds (Amphipoda), and mites (Hydracarina).

Nearly twice as many t~~a Oc~urred in the delta area than in the main
channe1. In the delta, sites with a closed canopy exhibited a higher average
density (Du Pent, 1985b; Appendix C). Species composition was very similar to
that of the main Pen Branch channel (i.e., midges, segmented worms,
roundworms, and mayflies dominate).

The dominant adult fish in the nonthermal upper reaches of Pen Branch are sun-
fish, bullheads, and chubsuckers. Most of these species are bentbic in hab-
itat or are found near instream woody structures. Fish species generally
associated with fast-flowing waters (i.e., darters) are absent. The thermal
reaches of Pen Branch are dominated by shiners, sunfish, madtoms, and darters.

Ichthyoplankton abundance in Pen Branch is very low, ranging from zero to
greater than 50 per 1000 cubic meters’(Du Pent, 1985b; Appendix C). Among the
ichthyoplankton, the dominant species was the mosquitofish, which is more
tolerant of high temperatures. The few ichthyoplankters present probably
drifted into the main channel from adjacent cooler refuge areas. The area
above the reactor discharge is populated by minnows and darters in very low
abundance.

3.2.5 RADIoACTIVITY RELEASES AND RADIOLOGICAL TRANSPORT

Approximately 16.2 curies of cesium-137 (decay corrected to 1980) have been
released to Pen Branch from the K-Reactor area (Lower and Hayes, 1984), where
the creek (Indian Grave Branch) receives a cooling water discharge of about
11.3 cubic meters per second. Sediment samples 8 centimeters in depth
obtained from the Pen Branch delta–swamp system below Road A-13.2 typically
exhibit cesiun-137 concentration less than 1.5 picocuries per gram (Du Pent,
1985b). Table 3-12 lists radionuclide concentrations in water and aerial
radiological survey results for Pen Branch and Indian Grave Branch. After
receipt of cesium-137 from both Pen Branch and Steel Creek (DOE, 1984b), the
sediments at the mouth of Steel Creek exhibit average concentrations of 16.7
picocuries per gram.

Approximately 357,600 curies of tritium were released to Pen Branch from the
K-Reactor area through 1980. Approximately 41 percent of this tritium was
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Table 3-12. Radionuclide Concentrations in Water and Sediment and Aerial Radiological
Survey Results for Pen Branch and Indian Grave Branch (K-ReactOr)

a b
Water (pCi/1) Sediment (pCi/gm) Aerial Survey ( R/h, )c

Location CS-134, CS-137 H-3 CS-137 Cs-137 (rein) C5-137 (ma. )

Road A 1.63 34,700 (d) 1.2

Road A’ 1.52 32,000 (d) NA ‘ NA

Del ta (d) (d) 4.7 1.2

Steel Creek-Pen
Branch Mouth (d) (d) 16.7 (d) (d)

a. Three-year-mean concentration unless otherwise noted. Sources: Ashley and Zeigler, 1981:
Ashley et al. , 1982; Ashley, Zeigler, and C.lp, 19B2.

b. Five-year-mean concentration. (1977 -lg81 ). SOurce: LOwer, 19B4
c. lg79 s.rvey. Source: Boyns and Smith, 1982.
d. No data available.
e. 1984 data only. Source: Du Pent, 1985b.
f. NA . Not available.



from the K-Area containment basin migration (Du Pent, 1985b). Released tri-
tium, which remains soluble in Pen Branch and Indian Grave Branch, is released
to the Savannah River via Steel Creek. Tritium concentrations and river flow
are measured routinely at U.S. Highway 301.

3.3 FOUR MILE CREEK (c-REACTOR)

3.3.1 GEOGRAPHY

Four Mile Creek follows a generally southwesterly path to the Savannah River
for a distance of about 24 kilometers (Figure 3-2). In the SavallnahRiver
swamp along the river, part of the creek flow empties into Beaver Dam Creek.
The remainder discharges through .an opening in the levee between the swamp and
the river, seeps through the levee into the river, or moves through the swamp
and mixes with the flows from Steel Creek and Pen Branch (Du Pent, 1985b).

Four Mile Creek and Beaver Dam Creek together drain about 90 square kilo-
meters. Reactor cooling water from C–Area is discharged to Four Mile Creek.
After the junction with the C-Reactor cooling water, the creek flows about 11
kilometers before entering tbe Savannah River swamp (Du Pent, 1985b).

3.3.2 HISTORIC AND ARCHAEOLOGICAL RESOURCES

The most recent archaeological and historic resources survey of the Four Mil,e
Creek watershed area was conducted from May through August 19B4. A total of
25 sites was located in the watershed during this survey (see Figure E–1 in
Appendix E). Only one site (38BR548) in the Four Mile Creek survey area could
be affected by the proposed cooling-tower alternatives for C-Reactor. Site
38BR548 is a small prehistoric lithic and ceramic scatter located on a terrace
edge adjacent to the bank of the northern branch of Four Mile Creek. No fur-
ther work has been recommended for this site, because the potential yield of
additional research information is negligible.

3.3.3 HYDROLOGY

The average flow upstream of any SRP discharge to Four Mile Creek is about
0.015 cubic meter‘per second, which is increased by SRP discharges and drain-
age to about 0.6 cubic meter per second just upstream from the confluence with
the C-Reactor discharges. After the junction with the C-Reactor cooling water
discharge, the creek flows about 11 kilometers before entering the river swamp
at flow rates exceeding 11 cubic meters per second during periods of C-Reactor
operation (Lower, 1985).

Prior to 1951, Four Mile Creek was a small, single-channel, meandering creek
flowing through broad, heavily vegetated floodplains. C-Reactor discharges
changed the creek to a wide, multichannel, braided stream system flowing with-
in denuded floodplains (Ruby, Rinehart, and Reel, 1981). Severe erosion
straightened, widened, and deepened sections of the stream channel immediately
below the reactor discharge point. Further downstream, multiple channels
formed across the floodplain to acconunodatethe increased flow and sediment
load. A combination of thermal stress, f100ding, and root disturbance caused
extensive vegetative loss in a zone around the creek. Deltas accreted at the
stream mouth, where much of the substantial volume of eroded material was
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deposited. The initial rapid progression of deposition gradually tapered Off
as the drainage system increased in size. Present deposition rates are S1OW,

and minor recolonization of thermally resistant vegetation has begun (Ruby,
Rinehart, and Reel, 1981).

Table 3-13 provides a comparison of temperature and dissolved oxygen data from
sampling stations above aTldbelow C-Reactor discharges (Du pOnt, 1985b).

Table 3-13. Temperature,and Dissolved Oxygen in Four Mile Creek”

Mean Mean dissolved
Location temperature (“C) oxygen (mg/1)

Four Mile Creek
upstream of C–Reactor 16.0 7.6

Four Mile Creek
downstream of C–Reactor 38.5 6.6
at Road A

a. Source: Adapted from Jacobsen et al., 1972; Du Pent, 1985b.

In relation to upstream concentrations from the Four Mile Creek Road A-7 site,
concentrations of sulfates, aluinm, calcium, and sodium were slightly to
significantly reduced at the mouth of Four Mile Creek (Table 3-14). Some
buffering might have occurred in the onsite swamp for the Four Mile Creek flow
prior to the river confluence; however, concentrations of chlorides and total
iron were unchanged or were increased (Du Pent, 1985b).

3.3.4 ECOLOGY

3.3.4.1 Terrestrial Ecology

The Four Mile Creek floodplain has approximately 1900 acres of wetlands, which
are principally (72 percent) bottomland hardwoods. Downstream of the C-Reactor
outfall, open water and emergent marsh near the stream have replaced the
original hardwood community. Away from the thermally affected areas in the
floodplain, hardwoods occupy 445 acres. Overall, approximately 60 percent
(1147 acres) of the Four Mile Creek wetlands have been impacted by C-Reactor
discharges (Du Pent, 1985b).

Waterfowl use of Four Mile Creek is associated primarily with the delta area
where Four Mile Creek empties into the Savannah River swamp. A census of
this system and the stream deltas was taken by aerial surveys weekly from
November 1 to April 1, from 1981 to 1983. In addition, ground counts were
conducted between October and March, 1981 to 1984 (Du Pent, 1985b).
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Table 3–14. Four Mile Creek Water Quality’

Parameter, Four Mile Creek Four Mile Creek
mean upstream of C-Reactor downstream of C-Reactor

concentration (mg/1)” at Road A-7 at the mouth

pH (units) (range)
Chlorides
Sulfates
Aluminum
Calcium
Sodium
Iron, total
Mercury, total

5.0-7.6
3.3
5.94
0.53
3.40
10.8
0.29
0.001

5.7-7.9
4.8b
5.L5
0.43
2.00
6.32
0.33
0.002

a. Source: Adapted from Du Pent, 1985b.-
b. Except as noted.

No self–sustaining reproducing populations of the American alligator have been
observed in Four Mile Creek or its delta (Du Pent, 1985b). Wood storks were
observed feeding.in the Four Mile Creek swamp area in 1984 but not in 1983
(Coulter, 1986).

3.3.4.2 Aquatic Ecology

Aquatic Flora

Four Mile Creek is a relatively deep (O.3- to 1.5-meter), fast-flowing (about
l&O centimeters per second) stream above its confluence with the Savannah
River swamp. In this area the flora is sparse, reflecting the influence of
high flow and elevated (greater than 40”C) water temperatures. The sub-
strate is primarily sand, organic matter, silt, and clay. In backwaters and
shallow areas, particularly on clay outcrops, thick mats of bluegreen algae
cover the bottom. Tag alder and wax myrtle dominate the riparian vegetation.
Further downstream toward the swamp, the stream is braided over a marsh-like
area where a few standing dead bald cypress remain. In this area, defined and
deeper channels are relatively free of vegetation, but there are thick growths
of sedges on the banks. Thick mats of blue-green algae cover the shallower
areas. Deeper substrates (mainly sand) are void of vegetation (Du Pent,
1985b).

Aquatic Fauna

Studies conducted for the Comprehensive Cooling–Water Study sampled macro-
invertebrates from the lower and middle reaches of Four Mile Creek between
November 1983 and May 1984. In addition, samples were collected from the
mouth of Four Mile Creek from September 1982 through August 1983 (Du Pent,
1985b; Appendix C).

Four Mile Creek had the fewest taxa (L6 to 29) and nearly the lowest density
considering all sampling methods (natural and artificial substrates) of all
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SRP streams sampled, including the thermalIy disturbed sites (Du Pent, 1985b;
Appendix C). The macroinvertebrates were dominated by nematode roundworms
(Nematoda), segmented worms (Oligochaeta), and midges (Diptera). Also col-
lected - in decreasing Order Of abundance – were caddisflies (TrichOptera)?
mayflies (Ephemeroptera), snails (GastrOPOda), springtails (COllernbOla)● and
scuds (Amphipoda).

Many aquatic studies have been conducted during the past 34 years on the
Savannah River Plant; hOwever, the mOst intensive study (the Comprehensive
Cooling-Water Study) of the fish community of the SRP streams and the Savannah
River began in 1983 (Du Pent, 1985b). Appendix C sununarizesthe results of
this investigation and presents additional pertinent data.

Creek flows and reactor effluent discharge temperatures influence the relative
abundance, species composition, and seasonal occurrence of adult fish in Four
Mile Creek. Adult fish are most abundant in the mouth of the creek during the
winter (December through February), when C–Reactor is operating. Fish avoid
this region during periods of excessively high water temperatures (greater
than 40”C), which usually occur from May to October.

Upper Four Mile Creek was sampled between Road A and ‘the swamp during a 50-day
reactor shutdown in early 19g4. Mosquitofish accounted for more than 97 per-
cent of the fish collected at the three sites; other species collected
included bowfin, sunfish, mudminnows, shiner, and pickerel. A more diverse
assemblage of fish was collected from the lower Four Mile Creek station
between the delta and the Savannah River. Gizzard shad (42 percent) and
largemouth bass (14 percent) dominated the catch; mosquitofish comprised only
2 percent. The low abundance and low species diversity at both stations is
related to the extremely low habitat diversity in Four Mile Creek.

The Comprehensive Cooling Water Study (Du Pent, 1985b) included a sampling
program to characterize the adult fish community of SRP streams for fish
spawning. Researchers collected ichthyoplankton samples weekly at six loca-
tions in FcIurMile Creek; they collected Z(J3ichthyoplankters between March 14
and June 3, 1984. The dominant taxa were sunfish or bass (32 percent) and the
brook silverside (14 percent). Other taxa present were shad, crappie, yellow
perch, darters, minnows, and carp (Appendix C). Because C-Reactor was not
Operating during most of March 1984, mean temperatures were only 5“ to
10”C above Savannah River temperatures. During this time, ichthyoplankton
were absent from the middle and upper reaches of the creek, but were found in
low densities in the creek mouth and swamp. During C-Reactor operation, creek
temperatures ranged from 30” to 50”C; as expected, few ichthyoplankters
were present. Brook silversides and other unidentifiable eggs and larvae
collected during C-Rea~tor operations from the middle and upper reaches might
have drifted into the channel from adjacent refuge areas (Appendix C).

IchthyoplanktOn abundance in F~”r Mile Creek and the associated swamp appear
to be st~Ongly influenced by ~ater levels i“ the Savannah River (Du Pent,
1985b; Appendix C). High river flows probably transport ichthyoplankton into
thermally impacted portions of the swamp from adjacent unimpacted areas. In
addition, some fish might use thermally impacted areas for spawning during
high river flows because flow patterns for the heated water are altered dra-
matically during such periods.
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3.3.5 RADIOACTIVITY RELEASES AND RADIoNUCLIDE TRANSPORT

Approximately 53.4 curies of ce~i~-137 (decay corrected to 198(I)have been
released to Four Mile Creek. Of this total, about 31.5 curies were released
tO the creek from the F- and H_Area~, where the stream flow averages less than
0.5 cubic meter per second (Lower, 1984; Lower and Hayes, 1984). The remain-
der (21.9 curies) was released from the C-Reactor area, where the cooling
water discharge to the creek is about 11 cubic meters per second. Creek
sediments at SRP Road A-7 (above the confluence of F,JurMile Creek and the
C-Reactor cooling water discharge) exhibit average cesium-137 concentrations
of 37.5 picoctiriesper gram, some four times the average concentration in the
delta area. Table 3-15 lists radionuclide concentrations in water, sediments,
and aerial su”rveyresults for Four Mile Creek.

Released tritiurnremains soluble in Four Mile Creek. Tritium concentrations
and river flow are measured routinely at U.S. Highway 301. Comparisons of the
amount of tritium released from SRP facilities with the amount of tritiurn
measured in transport in the Savannah River have continued to show excellent
agreement (about 97 percent in 1983) (Lower and Hayes, 1984).

Approximately 388,600 curies of tritim were released to Four Mile Creek
throu8h 1980. Of this total, about 139,200 curies were released to the creek
from the F- and H-Areas. The remainder (249,400 curies) were released from
the C–Reactor area (Du Pent, 1985b). Approximately 99 percent of the F- and
H-Area tritium was from seepage-basin migration.

3.4 BEAVER DAM CREEK (D-AREA COAL-FIRED POWERHOUSE)

3.4.1 GEOGRAPHY

Beaver Dam Creek is located 1.6 to 3.2 kilometers west of Four Mile Creek; it
flows in a southwesterly direction from the 400-D Area through the Savannah
River swamp to the Savannah River (Figure 3-2). Beaver Dam Creek is the
receiving stream for the cooling water effluent from the coal-fired power-
house in the D–Area.

since June 1974, a flow recorder located 1.6 kilometers donstream from D-Area
in Beaver Dam Creek has recorded an average discharge of about 2.4 cubic
meters per second during D-Area operation.

3.4.2 HISTORIC AND ARCHAEOLOGICAL RESOURCES

Intensive archaeological and historic resources surveys of the Beaver Dam
Creek floodplain area and the area west of the creek in D-Area were conducted
during October and November of 1985. Only one site, 38BR450, was located in
the watershed during these surveys (see Figure E-1 in Appendix E). Site AT-1

38BR450 is considered a significant archaeological resource and has been AT-2
recommended for eligibility for nomination to the National Register of AZ-1
Historic Places.
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Table 3-15. Radionuclide Concentrations in Water and Sediment and Aerial Radiological
Survey Results for Four Mile Creek (C-Reactor)

Water(pCi/1)a
b

Sediment(pCi/grn) Aerial S.rvey ( R/hr)c

Location CS-134, CS-137 H-3 CS-137 Cs-137 (rein) C5-137 (max)

OPPosite F-
and H-Areas . e e 1.2 38.1

Road A-7’ e 800,000 18,0 NA NA

Bel ow F-Area
to Road 3 1.2 19.0

Road A 2.08 70,500” 37.5 1,2

Road A< 2,05 61,000 e NA ‘ NA

Oel ta e e 8.6 1.2 4.8

a. Three-year-mean concentration unless otherwise noted. Sources: Ashley and zeigler, 1981;
Ashley et al. , 1982; Ashley, Zeigler, and CiJlp, 1982.

b. Five-year-mean concentration ( 1977-1981). Source: Lower, 1984.
c. 1979 survey. Source: 8oyns a“d Smith, 1982.
d. 1980 and 19~1 data only.
e, No data available.
f. 1984 data only. Source: O. Pent, 1985b.
9. NA = Not available.



3.4.3 HYDROLOGY

SinCe placement of the heavy-water plant on standby status in 1982, the only
direct thermal input tO Beaver Dam Creek has been that resulting from the
powerhouse operations. Thermal effluent also enters the lower portion of
Beaver Dam Creek via F~~r Mile creek, which receives C-Reactor discharges.
The water from Beaver Dam Creek mixes with part of the flow from Four Mile
Creek in the onsite swamp before it is discharged to the Savannah River
through the mouth of Beaver Dam Creek (Jacobsen et al., 1972). Data from the
water quality station at the mouth of Beaver Dam Creek thus reflects inputs
frOm botb streams (Du Pent, 1985b). At this station, the flow inputs from
Beaver Dam Creek and Four Mile Creek are approximately equal (DLIPent, 1982b).

The water quality station located in Beaver Dam Creek upstream from the onsite
swamp is the only station monitored routinely in a thermally impacted zone.
From 1973 to 1982, Beaver Dam Creek received heated effluents from both the
powerhouse and the heavy-water production facilities. Since June 1974, flows
in the creek have ranged from about 1.2 to 5.6 cubic meters per second
(Du Pout, 1985b). With the exception of temperature criteria, all other water
classification requirements for Class B streams (see Section 3.1.5.1.2) were
met at this station. Water quality data for selected parameters are provided
in Table 3-16.

3.4.4 ECOLOGY

3.4.4.1 Terrestrial Ecology

Before the Savannah River Plant began operations, Beaver Dam Creek was prob-
ably an intermittent stream. During the construction of facilities in D-Area,
a Canal Was built to carry cooling water to the creek, which di~~harge~ after
1700 meters to the Savannah River swamp. A narrow band of bottomland hardwood
and scrub-shrub forest borders the stream from the D-Area process-water out-
fall to the swamp (Du Pent, 1985b).

Current D-Area powerhouse thermal discharges, combined “ith the slow-flowing
backwater along the creek, have provided habitat for a dense population of
alligators. A minimum of 28 alligators representing multiple size classes
(equivalent to age classes) longer than 1 meter inhabit this stream (based on
aerial surveys from December 1983 to March 1984). Subsequent ground surveys
in April and May 1984 resulted in the capture of 11 alligators representing
age classes of 1-, Z-, and “3-year-olds. With the exception of one 3-year-old,
the other 10 alligat.orawere probably not large enough to have been observed
during the aerial surveys. The backwater areas along the creek provide excel-
lent breeding and nesting habitat; they probably support a self-sustaining
alligator population, because both adult and juvenile sizes have been observed
(Du Pent, 1985b).

In 1983 between 306 and 363 wood storks were observed onsite from June 21 to
September 29 (Smith et al., 1983; Coulter, 1986). There were a total of 15
group sightings during 35 observation days, with 80 percent of the sightings
occurring on Beaver Dam Creek (7 sitings) and Steel Creek (5 sitings)
(Coulter, 1986). The 12 sightings that were made on the two creeks accounted
for more than 90 percent of the total members of wood storks observed on the
site (Coulter, 1986).
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Table 3-16. Beaver Dam Creek Water Quality Downstream of All
400-D Area Effluents (November 1983-May 1984)a

Mean concentration
Parameters (mgllb)

Temperature (“C) 21.9

Dissolved oxygen 7.5
pH (units) (range) 6.4-7.6

Chlorides 5.8
Nitrate + nitrite (as N) 0.24
Iron, total i.16

Total alkalinity (as CaCO,) 13.2
Phosphorus, total 0.078

Calcium, total 3.0).
Aluminum, total 1.51

Sodium, total 5.6

Suspended solids 46.4

a. Adapted from Du Pent, 1985b.
b. Except as noted.

In 1984, more than 370 wood storks were observed on tbe Plant from May 20 to
November 16. There were a total of 59 group sightings during 89 observation
days, with more than 54 percent of the sightings Occurring On Beaver Dam Creek
and Steel Creek (Coulter, 1986). Use of Four Mile Creek was documented in
1984 for the first time and accounted for 22 percent of the group sightings
(Coulter, 1986). The 32 sightings that were made on Beaver Dam Creek (19
sitings) and Steel Creek (13 sitings) accounted for 54 percent of the total
number of wood storks observed on the Plant (Coulter, 1986).

Apparently wood storks were more widely dispersed over the site in 1984 than
1983. However, some of the variability may be explained by an increased
effectiveness of observers in locating birds, a more intensive survey, and a
survey of longer duration.

Estimates of prey density and biomass from the 1984 and 1983 Steel Creek sites
were highly variable. Generally, however, there was a higher density and biO–
mass of prey in 1984. No prey density or biomass data were collected On
Beaver Dam Creek (Coulter, 1986).

3.L.4.2 Aquatic Ecology

Aquatic Flora

Inunediatelybelo” tbe discharge structure, Beaver Dam Creek is characterized
by a deep channel (1 to 2.5 meters) and a substrate of shifting sand, flY ash,
Organic deposits, and occasional clay outcrops (Du Pent, 1985b). Riparian
vegetation is dominated by wax myrtle and tag alder. The aquatic flora are
sparse, refletting the influence of high flow and elevated water temperatures.
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Aquatic Fauna

Studies conducted for the Comprehensive cooling Water Study,sampled macroin-
vertebrates from the middle reaches of Beaver Dam Creek between November 1983
and May 1984. In addition, samples were collected from the mouth of Beaver
Dam Creek from September 1982 through August 1983 (Du Pent, 1985b; Appendix C).

More species were collected in Beaver Dam Creek than in the other thermally
influenced streams (i.e., Four Mile Creek and Pen Branch). Dominant macroin-
vertebrate species were segmented worms (Oligochaeta), roundworms (Nematoda),
midges (Diptera), stoneflies (Ple”coptera).,and snails (Gastropod). Also
found in lesser abundance were mites (Hydracarina), scuds (Amphipoda), dragon-
flies (Odonata), and caddisflies (Tricoptera).

The dominant species of adult fish in Beaver Dam Creek are mosquitofish, sun-
fish, and gizzard shad (Bennett and McFarlane, 1983; Du Pent, 1985b). Rela-
tive abundance and species composition increase toward the creek mouth and
swamp where greater habitat diversity occurs and temperatures are somewhat
moderated (Du Pent, 1985b).

Ichthyoplankton in Beaver Dam”,Creek reflected the adult composition, with sun-
fish or bass,being dominant. Although.thermally influen.ced,Beaver Dam Creek
exhibited greater density and species diversity than the other thermal streams
(i.e.,,Four Mile Creek and Pen Branch), but it did not produce the density
expected considering‘ the lower level of thermal loading (Du Pent, 1985b;
Appendix C).

3.4.5 RADIOACTIVITY RELEASES AND RADIONUCLIDE TRANSPORT

Approximately 0.004 curie of cesium-137 (decay corrected to 1980) has been
released to Beaver Dam Creek from D-Area (Lower and Hayes, 1984). Data on
cesium-137 concentrations are not available for Beaver Dam Creek. However,
based on the release data, such concentrations are considered to be negligible.

Released tritium remains soluble in Beaver Dam Creek. Approximately 124,100.
curies of tritium were released to Beaver Dam Creek from D-Area through 1980
(Du Pent, 1985b).
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