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APPENDIX A

GEOLOGY AND SUBSURFACE HYDROLOGY

This appendix discusses the geology and subsurface hydrology of the Savannah
River Plant (SRP) and its surroundings. Included in the following sections
are descriptions of the regional geologic setting, seismology and geologic
hazards, hydrostratigraphy, groundwater hydrology, groundwater quality,
groundwater use, hydrogeologic interrelationships, groundwater recharge and
discharge, and water budget for the Separations area and the Burial Ground.

A.1l GEQLOGY AND SEISMOLOGY

This section contains information on the important geologic features in the
region surrounding the SRP and within its boundaries. The geologic features
discussed include the regional geologic setting, seismology, and geologic
hazards,

A.1,1 REGIONAL GEOLOGIC SETITING

A.l.1.1 Tectonic Provinces

The North American continent is divided tectonically into foldbelts of recent
or ancient deformation, and platform areas where flat-lying or gently tilted
rocks lie upon basements of earlier foldbelts (King, 1969). The Southeastern
United States contains two platform areas (the Cumberland Plateau province and
the Coastal Plain province) and three foldbelts (the Blue Ridge province, the
Valley and Ridge province, and the Piedmont province) (Figure A-1).

The Savannah River Plant is located in the Aiken Plateau physiographic divi-
sion of the Atlantic Coastal Plain province (Figure A-1) {(Cooke, 1936;
Du Pont, 1980a). The center of the Plant 1is approximately 40 kilometers
southeast of the fall line that separates the Atlantic Coastal Plain province
from the Piedmont province (Davis, 1902). Crystalline rocks of the Piedmont
{(Precambrian and Paleozoic age) underlie a major portion of the gently
seaward-dipping Coastal Plain sediments of Cretaceous and younger age (Figure
A-1). Sediment-filled basins of Triassic and Jurassic age (their exact age is
uncertain) occur within the crystalline basement throughout the Coastal Plain
of Georgia and the Carolinas (Du Pont, 1980a). One of these, the Dunbarton
Triassic Basin, underlies parts of the Plant (Figure A-1) (Du Pont, 1980a;
Stephenson, Talwani, and Rawlins, 1985).



A.1.1.2 Stratigraphy*

Metamorphic and Crystalline Basement Rock

Near the center of the Plant, metamorphic and crystalline rock are buried
beneath about 280 meters of unconsolidated-to-semiconsolidated Coastal Plain
sediments (Marine, 1966). The surface of the rock dips to Lthe southeast abt a
gradient of about 6.8 x 10~ (6.8 meters/kilometer) (Siple, 1967), and the
rock ig exposed at the fall line about 40 kilometers northwest of the SRP.

Immediately overlying the basement rock is a layer of saprolite, which is the
residual product of weathering of the crystalline and metamorphic rock. The
combined saprolite and basal clay at the bottom of the Coastal Plain Sediments
forms an effective seal that restricts the flow of water between the Coastal
Plain sediments and the basement complex.

Triassie—Jurassic Sedimentary Rock

The Dunbarton Basin, formed by normal faulting of the c¢rystalline and metamor-
phic basement rock during the Triassic-Jurassic Period, is filled by sand-
stones, shales, and conglomerates, and buried beneath about 370 meters of
Coastal Plain sediments (Figure A-1). The northwest boundary of the basin has
been well defined by seismic traverses and by a well that penetrated 490
meters of Triassic-Jurassic rock and then passed inte the c¢rystalline and
metamorphic rock below. The southeast margin is not as well defined, because
there are no well data similar to those defining the northwest margin (Marine,
1976). The depth to the bottom of the Dunbarton Basin is not known from well
penetration. A well near the center of the basin that was drilled to a depth
of 1300 meters did not penetrate the underlying crystalline rock.

The rocks of the Dunbarton Basin consist of poorly sorted shale, siltstone,
sandstone, and conglomerate. The coarser material is found near the northwest
margin, where fanglomerates are abundant. Nearer the center, sandstone, silt-
stone, and shale predominate; however, the sorting is always extremely poor
(Marine and Siple, 1974).

Cretaceous Sediments

The terminology for the stratigraphic units used in this EIS is modified from
that used by Siple (1967). The Middendorf and Black Creek Formations (GCS,
1986) have been determined to be more accurate nomenclature for what had been
referred to as the "Tuscaloosa Formation" in many studies of groundwater at

#The accepted names for stratigraphic units have evolved over the years as
additional information on the age of the units and their correlation with sim-—
ilar units in other areas has surfaced. This is reflected in the different
names used by authors to identify subsurface units. The stratigraphic nomen-—
clature used in this document is the same as the usage of authors whose works
have been referenced. Therefore, different portions of the text might use
different names for the same geologic units. Likewise, the same name may be
used for geologic units or portions of units that are otherwise different.
Figure A-2 shows the correlation of units used by the various authors. The
terminology used in this document is largely that of Siple (1967).
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the Savannah River Plant. Figure A-2 shows a tentative correlation of these
units to stratigraphic terminology described in recent publications.

The Cretaceocus—4ge sands and sediments (Figure A-2) consist primarily of flu-~
vial and estuarine deposits of cross-bedded sand and gravel with lenses of
silt and clay. They rest directly on saprolite, a residual clay from weather-
ing of the crystalline and metamorphic rock. The Cretacecus Sediments are
overlain conformably by the Ellenton Formation but, near the Fall Line where
the Ellenton is absent, they are overlain unconformably by sediments of
Tertiary and Quaternary age (Siple, 1967). The Cretaceous Sediments crop out
in a belt that extends from western Tennessee to North Carolina. In South
Carolina, this belt is 15 to 50 kilometers wide. The thickness of the
Cretaceous Sediments ranges from 0 at the Fall Line to about 230 meters
beneath the L-Reactor on the Savaunah River Plant.

In this area, the Cretaceous Sediments consist of light gray-to-white, tan,
and buff-colored, cross-bedded quartzitic-to-arkosic coarse sand and gravel,
with lenses of white, pink, red, brown, and purple silt and clay (Siple,
1967), Ferruginous sandstone concretions, siderite nodules, and lenses of
kaolin 0.5 to 12 meters thick are present in the Cretaceous Sediments. The
chief minerals in the sediments are quartz, feldspar, and mica, which were
derived from weathering of the igneous and metamorphic rocks of the Piedmont
province to the northwest.

Ellenton Formation

The Ellenton Formation (terminology after Siple, 1967), which overlies the
Cretaceous Sediments (Figure A-~2), comsists of dark lignitic clay with coarse
sand units. It is thought to be Paleocene in age and is unconformably over-
lain by the Congaree Formation (of the Eocene Epoch). The Ellenton Formation
sediments are entirely within the subsurface; they range to about 30 meters in
thickness.

The lignitic clay is dark gray to black, sandy, and micaceous. It is inter-
bedded with medium quartz sand and contains pyrite and gypsum. The upper part
of the formation is characterized by gray salty-to-sandy clay with which gyp-
sum is associated. This clay is about 3 to 5 meters thick in the cemntral part
of the Plant; it thickens to 10 meters in A- and M-Areas. The lower part con-
sists generally of medium-to-coarse clayey quartz sand, but it contains very
coarse and gravelly quartz sand in some areas (Siple, 1967).

Congaree Formation

The Congaree Formation (terminology after Siple, 1967) was included in the
McBean Formation by Cooke (1936), and this usage was followed by the U.S. Army
Corps of Engineers (COE, 1952) during the original foundation studies for the
construction of the SRP (Marine and Root, 1978). The lower part of the origi-
nal McBean was raised to formational status and called the Congaree Formation
and the Warley Hill Marl by Cooke and MacNeil (1952). In discussing geology
and groundwater at the Plant, Siple (1967) used the term '"McBean" to include
both deposits that are equivalent to the Claiborne Formation/Group of the Gulf
Coastal Plain and only the upper part of these deposits. In much of the area
studied by 8iple, the two units could not be distinguished, either where
exposed or in well logs (Marine and Root, 1978).
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Subsequent investigations at the Plant have shown that it is desirable to dis-
tinguish the McBean Formation - as used in the restricted sense, rather than
as used by Siple (1967) ~ from the Congaree Formation. These two units are
separated by a clay layer informally called the "green clay'" (Figure A-2).

The Congaree and McBean deposits strike about N 60"E and dip at a gradient
of about 1.5 % 107° to 1.7 x 1077 (1.5 meters/kilometer to 1.7 meters/
kilometer) toward the south or southeast (Siple, 1967). Their thickness
ranges from zero near the fall line to about 76 meters in southeastern
Allendale County. In the central part of the Plant, the Congaree and McBean
deposits are about 61 meters thick, of which about 37 meters is the Congaree
Formation.

In the vicinity of the Separations Areas, the Congaree Formation consists of
gray, green, and tan sand with some layers of gray, green, or tan clay (Marine
and Recot, 1978). In the northwest part of the Plant, it consists primarily of
tan clayey sand. It is slightly glauconitic in some places and slightly cal-
careous In others. A pisolitic clay zone at the base of the Congaree and
McBean deposits defines the base of the Congaree Formation (Siple, 1967).

The green clay layer at the top of the Congaree Formation appears to be dis-
continuous in the northwest SRF area (i.e., updip). To the south, the green
clay appears to thicken to about 7 meters in L-Area and 18 meters in the
southeastern portions of the Plant to become what is called in Georgia the
Blue Bluff Marl of the Lisbon Formation. The Marl is found at the Vogtle
Nuclear Power Station in Georgia, in wells in the southern part of the SRP,
and in offsite areas to the south. The green clay is gray to green, dense,
and occasionally indurated (Marine and Root, 1978). The induration of the
clay is caused commonly by dense compaction and siliceous cement. Calcareous
cement is usually absent from this zone but, farther south, calcareous cement
might be more common.

Although subdivision of the Congaree and McBean group might be warranted in
the SRP area and in other parts of South Carolina and Georgia, such
subdivision appears less warranted toward the Fall Line, because the shoreward
facies of each unit grade into a comparatively thin zone, and criteria for
distinguishing them become doubtful (Siple, 1967). This is confirmed by
drilling in M-Area, where the green clay is thin and discontinuous and the
sediments of both McBean and Congaree are very similar in appearance,

Mc¢Bean Formation

As discussed above, the term '"McBean" was used originally to designate all
deposits of the same age as the '"Claiborne" sediments of the Gulf Coastal
Plain in this area; it is now used to designate only the upper part of these
sediments. The McBean Formation can be divided into two subunits: an upper
unit consisting of tan, clayey sands and occasionally red sand (Marine and
Root, 1978), and a lower unit consisting of light, tan-to-white calcareocus,

clayey sand (Figure A-2)., This lower unit is locally called the "calcareous
zone'; in some places, it contains void spaces that resulted in rod drops and
lost circulation during drilling operations (COE, 1952). To the northwest,

these void spaces appear to decrease, so no calcareous zone exists in M-Area.
However, to the southeast, the calcium carbonate content of the zone
increases, as do void spaces. Southeast of the Plant, the zone becomes a
limestone with only small amounts of sand.

A-6



The McBean Formation is considered the shoreward facies of the Santee lime-
stone to the southeast (Siple, 1967). In the SRP area, the calcareous zone
may represent a tongue of the Santee limestone. Toward the fall line to the
northwest of the SRP, it becomes more difficult to distinguish the several
Eocene formations, and Siple (1967) maps the Eocene deposits as undifferenti-
ated. In the northwest SRP area (M-Area), the calcareous zone is replaced by
a clayey sand unit.

Barnwell Formation

The Barnwell Formation {terminology after Siple, 1967) directly overlies the
McBean Formation and is exposed over a considerable area of Aiken and Barnwell
Counties. The formation thickens to the southeast from zero in the north-
eastern part of Aiken County to about 27 meters at the southeast boundary of
Barnwell County. In the Beparations Areas, the unit is about 30 meters thick,

The Barnwell Formation consists mainly of deep red, fine-to-coarse clayey sand
and compact, sandy clay. Other parts of the formation contain beds of mottled
gray or greenish-gray sandy clay and layers of ferruginous sgandstone that
range in thickness from 0.03 to 1 meter. Beds of limestone occur in the
Barnwell Formation in Georgia, but none have been recognized in South
Carolina. Factors indicate that a considerable part of the Barnwell Formation
was deposited as a calcareous sandstone in a near-shore or estuarine environ-
ment. Some evidence of the original calcareous nature of the formation is
indicated by the comparatively high proportion of calcium carbonate found in
groundwater circulating in this unit {(Siple, 1967).

In the Separations Areas, the Barnwell Formation is divisible into three parts:

1. The lowest unit, the "tan clay," commonly consists of two thin clay
layers separated by a sandy zone. The entire unit is about 3 to 4.5
meters thick and is semicontinuous over the area,

2. Above the tan clay is a silty sand unit O to 12 meters thick.

3. Above the silty sand is a unit of clayey sand that runs up to 30
meters thick. This sand, which may include beds of silty c¢lay or
lenses of silty sand, is slightly less permeable than the underlying
silty sand.

Upland Unit

The Upland Unit (Hawthorn equivalent; Siple, 1967) 1is exposed over a very
large area of the Atlantic Coastal Plain and is perhaps the most extensive
surficial deposit of Tertiary age in this region. It is bounded on top and
bottom by erosional unconformities and is present at the surface in the higher
areas of Aiken County. It ranges in thickness from 0 in northwestern Aiken

County to about 25 meters near the Barnwell-Allendale County Line.

The Upland Unit consists of a fine, sandy, phosphatic marl or soft limestone,
and brittle shale resembling Fuller's earth. Updip, however, in the wicinity
of Aiken and Barnwell Counties, it is characterized by tan, reddish-purple,
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and gray sandy, dense clay that contains coarse gravel, limonitic nodules, and
disseminated pods of kaolinitic material,

Tertiary Alluvium

Alluvial deposits of Late Tertiary age occur irregularly and discontinuously
on the interstream divides. They are composed of coarse gravel and poorly
sorted sand and have been tentatively classified by Siple (1967) as Pliocene
in age. Their thickness ranges from 1.5 to 6 meters,

Terrace Deposits

Cooke (1936) recognized seven marine terraces of Pleistocene age on the
Atlantic Coastal Plaiin in South Carolina. He indicated that the four highest
terraces are present in the Savannah River Valley. The deposits that may be
associated with these terraces are about 10 meters thick or less {(Cooke, 1936).

Holocene Alluvium

Alluvium of Holocene age occurs in the tributary and main channels of the
Savannah River. These deposits, which are generally cross-bedded and hetero-
geneous in composition, range in thickness from 1.5 to 9 meters (Siple, 1967).

A.l1.1.3 Geomorphology

The SR? is located on the Aiken Plateau as defined by Cooke (1936). The Aiken
Plateau slopes from an elevation of approximately 200 meters at the Fall Line
to an elevation of about 75 meters to the southeast, The surface of the Aiken
Plateau is highly dissected and is characterized by broad, interfluvial areas
and narrow, steep-sided wvalleys. Because of the Plant's proximity to the
Piedmont Province and the Savannah River, it has somewhat more relief than the
near-coastal areas, with onsite elevations ranging from 27 to 104 meters above
sea level, Relief on the Aiken Plateau is as much as 90 meters (Siple,
1967). The plateau is generally well drained, although small, poorly drained
depressions occur. These depressions are similar in character to Carolina
bays.

On the Aiken Plateau there are several southwest-flowing tributaries to the
Savannah River. These streams commonly have asymmetrical valley cross sec-
tions, with the northwest slope being gentler than the southeast slope. This
is because the stream courses are generally parallel to the strike of the
Coastal Plain formations. Erosion of the Coastal Plain sediments by the water
caurse results in gentle dip slopes on the northwest, or updip, sides of the

valleys. The landforms produced by these geomorphic processes resemble
cuestas.

Since the early 1950s, the flow rates of Four Mile Creek and Pen Branch,
including Indian Grave Branch, have been increased from about 1 cubic meter
per second to the present 12 cubic meters per second by the discharge of cool-
ing water and process effluent directly into the creeks. The stream profiles
of the two creeks are beginning to change owing to erosion of the stream chan-
nels and deposition near the mouths of the creeks. Depositional environments
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in both creeks presently extend from their deltas to approximately 2.4 kilo-
meters below SRP Road A, where near-neutral (neither erosion nor deposition)
conditions exist (Ruby, Rinehart, and Reel, 1981).

A.l1.2 SEISMOLOGY AND GEQLOGIC HAZARDS

A.1.2.1 Geologic Structures and Seismicity

The down-faulted Dunbarton Triassic Basin underlies the SRP and contains sev-
eral interbasinal faults. However, the sediments overlying these faults show
no evidence of basin movement since their deposition during the Cretaceous
Period (Siple, 1%67; Du Pont, 15%80a). Other Triassic-Jurassic basins have
been identified in the Coastal Plain tectonic province of South Carolina and
Georgia; these features may be associated with the South Georgia Rift
(Du Pont, 1980a; Popenoe and Zietz, 1977; Daniels, Zietz, and Popence, 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 A-1). Several fault systems occur in and adjacent to the Piedmont and
the Valley and Ridge tectonic provinces; the closest of these, the Belair
Fault Zone (about 40 kilometers from the SRP), is not capable of generating
major earthquakes (Case, 1977).

There is no conclusive evidence of recent displacement along any fault within
300 kilometers of the SRP with the possible exception of (a) the geophysically
inferred faults (Lyttle et al., 1979; Behrendt et al., 19Bl; Talwani, 1982;
Hamilton, Berendt, and Ackermann, 1983) in the meizoseismal area of the 1886
Charleston earthquake, which occurred approximately 145 kilcmeters from the
Plant (Du Pont, 1982a), and (b) seismically inferred strike-slip motion on the
northwest flank of the Dunbarton Basin (Stephenson, Talwani, and Rawlins,
1985). Table A-1 shows the significant geologic structures and fault systems
in the SRP region and gives the age of last movement.

Surface mapping, subsurface boring, and geophysical investigations at the SRP
have failed to detect any faulting of the sedimentary strata that would affect
SRP facilities. Several surficial faults, generally less than 300 meters in
length and with displacements of less than 1 meter, have been mapped; however,
none of these are considered capable, as they are overlain by younger sedi-
ments that show no evidence of faulting. The time since the last movement on
these surficial faults is believed to be 0.5 million years or more {(Du Pont,
1980a).

Two major earthquakes have occurred within 300 kilometers of the SRP: the
Charleston earthquake of 1886, which had an epicentral modified Mercalli
intensity (MMI) of X, and was located about 145 kilometers from the SRP; and
the Union County, South Carolina, earthquake of 1913, which had an epicentral
shaking of MMI VII to VIII, and was located approximately 160 kilometers from
the SRP (Langley and Marter, 1973). An estimated peak horizontal shaking of 7
percent gravity (0.07g) was calculated for the site during the 1886 earthquake
(DOE, 1982b). Site intensities and accelerations for other significant
earthquakes are listed in Table A-2.

Probabilistic and deterministic analyses have established a design-basis, hor-
izontal earthquake acceleration of 0.20g for key seismic-resistant buildings
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Table A-1. Significant Geologiec Structures in SRP Region®

Closest point

to site
Age of last
Structural feature km Direction movement
Valley and Ridge Province 350 NW Late Paleozoic
Faults
Blue Ridge Province Faults 280 NW Late Paleozoic
(Carterville, Whitestone,
and Fries-Hayesville-Altoona
Faults)
Cape Fear Arch 250 NE Pleistocene
Brevard Fault Zone 225 NW Pre-Mesozoic
Westerfield Fold-Fault System 225 NE Pre-Eocene
Deep River Basin (N.C. and S5.C.) 215 NE Triassic-Jurassic
Gold Hill Fault 210 NW Late Paleozoic
Columbia Triassic Basin 155 NE Pre-Cretaceous
Towaliga Fault, Kings Mt. Belt 135 NW Late Paleozoic
Clubhouse Crossroads Faults 115 SE Pre-Migcene (7)
Columbia Reverse Faults and 105 NE Late Miacene
Clastic Dikes
Charleston Triassic (?) Basin 80 SE Triassic-Jurassic
Decatur-Coffee County (Georgia) 65 SE Pre-Pliocene
Graben and Faults
Eastern Piedmont Fault System 65 NW Late Paleozoic
(Modoc, Flat Rock, Goat Rock,
Bartletts Ferry, and Towaliga
Faults)
Belair Fault Zone 40 NW Pre-Miocene to
Recent”
Langley Graben 27 NW Pre-Miocene (?)
Dunbarton Triassiec (%) Onsite Onsite Pre-Late Cretaceous
Basin

iSource: Du Poot, 1980a.
NRC has determined that, although age of last movement is not precisely known,
Belair Fault Zone is not capable in sense of 10 CFR 100 (Case, 1977).

at the BSRP. This acceleration has a return period of about 5000 years
(Du Pont, 1982b),

On June 8, 1985, an earthquake with a local magnitude of 2.6 {(maximum inten-
sity MM III) and a focal depth of 0.96 kilometer occurred at the SRP, The
epicenter was just to the west of (- and K-Areas (Figure A-3). The accelera-
tion produced by the earthquake was less than 0.002g. No aftershocks were
recorded by the SRP Seismic Network (Stephenson, Talwani, and Rawlins, 1985).
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A.1.2.2 Seismic Events and Liquefaction Potential

Liquefaction is the transformation of water-saturated granular material from a
solid or semisolid state to a liquid state; this results from an increase in
the pore water pressure, which is caused by intense shaking. Earthquakes may
cause liquefaction of near-surface, water—saturated silts and sands, making
the materials lose their shear strength and flow (Keller, 1979).

The seismicity of the SRP is discussed in Section A.l.2.1. As noted in that
section, liquefaction induced by earthquakes with a maximum horizontal accel-
eration of less than 0.20g is not a potential problem for SRP facilities
(Du Pont, 1980a; Langley and Marter, 1973).

A.2 GROUNDWATER RESOURCES

This section discusses the groundwater resources at the SRP. For the purposes
of this environmental impact statement (EIS), the definition of groundwater
resources includes hydrostratigraphy, groundwater hydrology, and groundwater
quality.

A.2,1 HYDROGSTRATIGRAPHY

Three distinct hydrogeologic systems underlie the SRP: (1} the Coastal Plain
sediments, where water occurs in porous sands and clays; (2) the crystalline
metamorphic rock beneath the Coastal Plain sediments, where water occurs in
small fractures in schist, gneiss, and quartzite; and (3) the Dunbarton Basin
(Triassic/Jurassic Age) within the crystalline metamorphic complex, where
water occurs in intergranular spaces in mudstones and sandstones. The latter
two systems are unimportant as groundwater rescurces near the Plant.

The Coastal Plain sediments, which contain several important aquifers, consist
of a wedge of stratified sediments that thickens tec the southeast. Near the
center of the Plant, the sediments are about 300 tc 400 meters thick and con-
sist of sandy clays and clayey sands. The sandier beds generally form aqui-
fers and the clayier beds form aquitards. The Coastal Plain sedimentary
section at the Plant consists of the Hawtheorn, Barnwell, McBean, Congaree,
Ellenton, and Tuscaloosa Formations, as defined by Siple, 1967. These units
correlate to those used by Geological Consulting Services (GCS, 1986). Figure
A-2 shows the correlation of these stratigraphic terms. Table A-3 describes
the lithology and water-bearing characteristics of the hydrostratigraphic
units underlying the Plant.

The Cretacecus Sediments (Middendorf and Black Creek Formations: GCS, 1986)
form a particularly prolific groundwater unit because of their thickness and
high permeability. In areas of the South Carolina Coastal Plain within 40
kilometers of the Fall Line, the Cretaceous Sediments are a major supplier of
groundwater (Siple, 1967); wells commonly yield more than 5500 cubic meters
per day of good-quality water. The Cretaceous Sediments rest on saprolite, a
residual clay weathered from the crystalline metamorphic bedrock, and consist
of a sequence of sand and clay units. The combined saprolite and basal clay
form an effective seal that separates water in the Coastal Plain sediments
from water in the crystalline metamorphic rock. The sand units combined are
about 140 meters thick and supply water to the Plant,
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Paleocene sediments, including the Ellenton Formation, overlie the Cretaceous
Sediments and consist of clay with coarse sand units. The known Ellenton
sediments are entirely within the subsurface. The clays in the Ellenton are
apparently continuous encugh to act as a confining bed that separates the
water in the Congaree from that in the Black Creek Formation.

The Congaree Formation inmcludes a lower unit of sand with clay layers and an
upper clay layer known as the "green clay.” The Congaree sand beds constitute
an aquifer second only to the Cretaceous Sediments in importance, with yields
as high as 3600 cubic meters per day (Siple, 1967). The green clay appears to
be continuous and supports a large head difference between the Congaree and
the overlying McBean Formation. This head difference is as much as 21 meters
near the Central Shops and 24 meters in the Separations Areas, even though the
clay layer 1is only 2 to 3 meters thick in these areas (D'Appolonia, 1980;
Du Pont, 1983)., North and west of Upper Three Runs Creek, the green clay is
discontinuous and, therefore, is effective only locally as a confining unit
(aquitard). Ia the southeastern part of the Plant, the green clay 1is believed
to be about 18 meters thick (Du Pont, 1983).

The McBean Formation, as defined by the SRP (Marine and Root, 1978), consists
of a lower unit of calcareous clayey sand and an upper unit of clayey sands
(lower part of Dry Branch Formation; GCS, 1986). Groundwater occurs in both
units, but neither is a prolific aquifer. The formation is incised by Upper
Three Runs Creek and Four Mile Creek,

The Barnwell Formation, which overlies the McBean Formation, consists of (1) a
clay unit known as the "tan clay" (part of Dry Branch Formation; GCS, 1986},
(2) a silty sand unit (upper part of Dry Branch Formation; GCS, 1986), and (3)
a clayey sand unit that can include beds of silty clay or lenses of silty sand
(Tobacco Road Equivalent; GCS, 1986). Borings in the Separations Areas and
about 2 kilometers east of the Central Shops indicate that the tan clay is
about 2 meters thick and that it commonly consists of two thin clay layers
separated by a sandy zone (D'Appolonia, 1980; Du Pont, 1983). In some areas
of the Plant, the tan clay is not easily identified in foundation borings,
drillers' logs, or geophysical logs; however, this clay has not always been
readily apparent in soil cores, even in areas where it is known to suppeort a
significant head differential.

The Barnwell and Upland Unit (Hawthorn; Siple, 1967) Formations are incised by
Upper Three Runs Creek, Four Mile Creek, and their unnamed tributaries. The
water table is usually within the Baramwell Formation but in low-lying areas
can be in the underlying McBean or (Congaree Formations. Because of the large
amounts of clay and silt mixed with the sands, the Barnwell generally does not
yield water to wells except from occasional sand lenses.

The South Carolina Hazardous Waste Management Regulations {(SCHWMR) and the
Resource C(onservation and Recovery Act (RCRA) [270.14{(c}(2)] require the
determination of the hydrogeologic zones that are most susceptible to impacts
from waste management units. These zones are the unsaturated zone, the upper-
most aquifer, the principal confining unit, and the principal confined aquifer

(shallowest confined aquifer beneath the SRP). Figure A-2 shows the relation-
ship of these zones to one another and their tentative correlation with other
stratigraphic mnomenclature. Each hydrogeologic =zomne is summarized below.
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Formational terminclogy used in this discussion is largely that of Geological
Consulting Services (GCS, 1986).

The unsaturated zone is a 25~ to 45-meter-~thick sandy unit containing clay
lenses. This zone is comprised of the Upland unit and, in some areas of the
Plant, the Tobacco Road and Dry Branch Formations.

The uppermost aquifer is a 35-meter—thick sandy unit composed of two zones.
The upper water-table zone, composed primarily of the clayrich, fine-grained
sands of the McBean Formation (in some areas of the Plant, areas of higher
water table) includes portions of the Dry Branch and Tobacco Road Formations.
The lower zone, composed of the coarse-grained Congaree Formation and the
upper sand and clay of the Ellenton Formation.

Based on an evaluation of hydraulic properties as well as head differences
between subsurface zones, the lower three units of the Ellenton Formation are
believed to form the principal confining zone beneath the Plant. These units
form a section approximately 15 meters thick composed of two clay beds {(middle
and lower Ellenton) and the lower Eilenton sand lenses. The sands in these
lenses are commonly coarse grained, but generally are supported by a clay
matrix that impedes fluid movement., The middle clay is generally a dense,
low-permeability clay that can be locally discontinuous or more permeable,
The lower clay, however, 1is an average of 3 meters thick {(maximum of 15
meters), is dense, has a low permeability, and is believed to be continuous
over the SRP area. Table A-4 summarizes the hydraulic conductivity of the
Ellenton Formation.

The confined aquifer is a sandy zone averaging about 30 meters in thickness.

This zone is capped by the overlying Ellenton Formation confining unit. In
this appendix, the shallowest confined agquifer is referred to as the Black
Creek aquifer. The aquifer beneath the Black Creek is referred to as the

Middendorf aquifer (see Figure A-2).
A.2.2 GROUNDWATER HYDROLOGY

A.2.2.1 Hydrologic Properties

The flow of groundwater in the natural enviromment depends strongly on the
three-dimensional configuration of hydrogeologic units through which flow
takes place. The geometry, spatial relations, and interconnections of the
pore spaces determine the effective porosity (percentage of void space effec~
tively transmitting groundwater) and the hydraulic conductivity of the hydro-
geologic unit. These factors largely control groundwater flow through
geologic media.

The Coastal Plain sediments beneath the Plant are heterogeneous, and they are
anisotropic with respect to the hydroleogic properties controlling groundwater
flow. Tables A-5 and A-6 list typical hydrologic properties of the Coastal
Plain sediments in the Separations Areas and A/M-Areas, respectively. These
tables indicate that the horizontal component of hydraulic conductivity in the
Barnwell Formation is considerably greater than the vertical component. In
this case, the horizontal conductivity is at least 100 times the vertical con-
ductivity; consequently, groundwater tends to move laterally within this
hydrogeologic unit. Although not shown in Tables A-5 or A-6, this general
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relationship is expected to apply to all coastal plain sedimentary units
(Freeze and Cherry, 1979).

The following paragraphs describe important hydrodynamic properties of spe-
cific geologic units beneath the Plant.

Crystalline Metamorphic Rock

Water injection and removal tests on packed-off sections of rock indicate two
types of fractures in the crystalline rock (Marine, 1966). The first type
consists of minute fractures that pervade the entire rock mass but transmit
water extremely slowly. Rock that contains only this type of fracture is
called "virtually impermeable rock.'" The other type of fracture is confined
to definite zones that are vertically restricted but laterally correlatable
and have larger openings that transmit water faster. Rock that includes this
type of fracture is called "hydraulically transmissive rock." :

Representative values of hydraulic conductivity are 1.2 x 107° meter per day
for virtually impermeable rock, and 0.033 meter per day for hydraulically
transmissive rock (Marine, 1973). An analysis of a two-well tracer test with
tritium indicates a fracture porosity of 0.08 percent in a hydraulically
transmissive fracture zone (Webster et al., 1970). Laboratory analyses of
cores indicate an average intergranular porosity of 0.13 percent (Du Pont,

1983).

Triagsic/Jurassic Sedimentary Rock

The Triassic sediments consist of poorly sorted, conspolidated gravel, sand,
silt, and clay. The coarser material is presumed to be near the northwest
margin of the Dunbarton Basin, where fanglomerates are abundant. Nearer the
center of the basin, sand, silt, and clay predominate. The sorting is
extremely poor, which causes an extremely low primary porosity in the Triassic
rocks (Marine and Siple, 1974). Groundwater does occur in the primary poros-
ity of the Triassic rock, but the hydraulic conductivity is extremely low and
water movement is almost nonexistent.

The hydraulic conductivity of the Triassic sedimentary rock, as determined
from field tests, ranges from 4 x 10°° to 4 x 1077 meter per day (Marine
and Siple, 1974). Average total porosity is 8.0 percent for sandstones and
3.3 percent for mudsteones. Average effective porosity is 7.0 percent for
sandstones and 0.53 percent for mudstones (Du Pont, 1983).

Cretaceous Sediments

According to a field study of the Cretaceous Sediments aquifer (Tuscaloosa or
Black Creek/Middendorf equivalent), the average transmissivity is 1500 square
meters per day, and the median is 1400 square meters per day (Marine and
Routt, 1975). Storage coefficients determined for the formation averaged
4.5 x 107*, and Siple (1967) assumed effective porosities of 20 ta 30
percent (Du Pont, 1983).

Ellenton Formation

In general, Siple (1967) did not distinguish between the Ellenton and the
Cretaceous Sediments aquifer in reporting the results of pumping tests.
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Because there is no piezometric map exclusively of the Ellenton Formatiom,
little is known about the lateral flow of water within the formation. Table
A~4 summarizes recent hydraulic conductivity data collected on the Ellenton
Formation.

Congaree Formation

The results of two tests conducted near the center of the Plant indicate a
hydraulic conductivity of nearly 40 meters per day in the Congaree Formation,
although one of the values (0.73 meter per day) for M-Area is 50 times less
than this. The median conductivity value obtained in 10 slug tests (decay of
an instantaneous head change) in sandy zones of the {ongaree Formation in the
Separations Areas is 1.8 meters per day (Root, 1977a,b). The median conduc-
tivity, as determined in two water—-level recovery tests, is 1.5 meters per day
(Du Pont, 1983),

Data from laboratory tests conducted by the U.S. Army Corps of Engineers (COE,
1952) 1indicate a median value of 43 percent for the total porosity of the
upper part of the Congaree Formation. The effective porosity is estimated to
be 20 percent. A pumping test in the northwest portion of the plant yielded a
value of 14 percent (Du Pont, 1983).

McBean Formation

The median hydraulic conductivity of the upper sand of the McBean Formation
(equivalent to Lower Dry Branch Formation; GCS, 1986) has been reported to be
0.13 meter per day, about twice that of the calcareous zone (Du Pont, 1983).
An effective porosity of 20 percent is reasonable.

Fluid losses during drilling operations make the calcareous zone appear very
permeable. However, the results of pumping tests in the zone indicate a low
hydraulic conductivity (Du Pont, 1983). Apparently, zones of higher permea-
bility do not connect over large distances, and the regional permeability of
the calcareous zone is lower than drilling observations suggest.

Barnwell Formation

Pumping tests to determine the hydraulic conductivities of the Barnwell Forma-
tion (Du Pont, 1983) indicate the median conductivity to be (.04 meter per day
for the clayey sand unit (Tobacco Road equivalent; GCS, 1986). Although no
tests were made on the silty sand unit, a pumping test in a sand lens within
this unit indicated a hydraulic conductivity of 0.3 meter per day.

Upland Unit

Because the Upland Unit (Hawthorne equivalenti Siple, 1967) in the SRP area is
usually unsaturated, no pumping tests have been performed. There is no piezo-
metric map of the formation in the SRP area. Flow paths are predominantly
vertical; there are only short horizontal flow paths.

A.2.2.2 Head Relationships

The elevation of the free-standing groundwater above a sea-level datum is
referred to as the hydraulic head. Figure A-4 shows the hydraulic heads for
the principal hydrostratigraphic units near the center of the Plant, typified
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by H-Area. These data are for one location in the Separations Areas where
water-level differences are probably at their maximum. Near the discharge
areas of creek valleys, water elevations of the several Tertiary aquifers con-
verge. Although not shown in this figure, the head in the lower part of the
Cretaceous aquifer (Middendorf equivalent) is generally higher than that in
the shallower aquifer (Black Creek) by at least 6 meters (DOE, 1984).

Figure A-4 indicates that the water elevation in the Ellenton Formation is
above that in the Cretaceous Sediments aquifer. The cause of this appears to
be continuous pumping from the Cretaceous Sediments aquifer in H-Area, which
has created a cone of depression in these deeper units but probably has not
affected water levels significantly in the Ellenton aquifer. Figure A-5 shows
the cones of depression in the potentiometric surface of the Cretaceous Sedi-
ments aquifer in F- and H-Areas (Killian et al., 1987a).

The hydraulic beads shown in Figure A-4 also indicate that there is not a
direct hydraulic connection between the Ellenton and the overlying Congaree
Formation. Although the clays that separate the Ellenton and the (ongaree are
not thick, they are apparently extensive and continucus enough to impede the
hydraulic connection. A pisolitic c¢lay at the base of the Congaree appears to
be extensive and might constitute the principal confining bed that separates
the Congaree and the deeper hydrologic system (Siple, 1967). The upper part
of the Ellenton is a sandy clay, which also functions as a confining bed
between the Ellenton and the Congaree.

Finally, Figure A~4 shows that the head in the Congaree Formation in the Sepa-
rations Areas 1is the lowest of any hydrostratigraphic unit in the Coastal
Plain system., This is attributable to two conditions: (1) the low permeabil-
ity of the green clay, through which recharge must take place, and {(2) the
high hydraulic conductivity of the Congaree sands below the green clay, which
enhances lateral movement and discharge to the deeper c¢reek wvalleys. The
upward recharge of water to the Congaree from the Ellenton-Cretaceous Sedi-
ments aquifer system is also impeded by c¢lay layers at the base of the
Congaree and in the Ellenton.

Figures A-6 and A-7 describe the head difference between the water in the
Black Creek and Congaree Formations., The two maps show a change due to
improved data control {more measuring points) and, to a lesser extent, show
the effects of pumpage on and off the SRP. Had the data control available in
1987 been available in 1982, it is quite likely the maps would have been very
similiar,

The more recent data (Bledsoe, 1987) are more accurate. The earlier map was
based on limited data and was included in the Draft EIS, because it was the
best data available at the time of the publication of the Draft EIS.

The head in the Congaree is higher than that of the Cretaceous Sediments in an
area surrounding A- and M-Areas and in the vicinity of P- and R-Areas and Par
Pond. Figure A-8 shows the vertical-head relationships along a cross-section
passing through M-Area, where the Cretaceous Sediments aquifer water elevation
is below that of the Congaree. A continuous decline in head with depth
indicates that this location 1s a recharge area for the Cretaceous Sediments
aquifer, as is much of the area of the Aiken Plateau northwest of the Plant.
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Hydraulic head reversal discussed above is not fixed in time or space, as
water levels fluctuate in response to a number of factors such as aquifer use,
i.e., pumping onsite for water supply and process water and pumping offsite
for agricultural, industrial, and municipal purposes; the amount of natural
recharge received by the different aquifers; and climatic [factors. The
discussion in this section demonstrates the complexity and the transient
nature of the hydrogeologic regime beneath the S&RP (see Figures A-12, A-17,
and A-20).

Because of flow directions and head relationships, the potential for offsite
impacts on water quality in the Black Creek aquifer is extremely small, The
most important factor for cffsite impacts is the prevailing flow direction for
water in the Black Creek toward the Savannah River, not toward municipalities
that border the Plant. The most important factor for onsite impacts is the
upward gradient between the Congaree and the Upper Tuscaloosa over parts of
the SRP.

Tmpacts on the Black Creek aquifer have been confirmed in one monitoring well
cluster on the SRP. This cluster is 1in the western recharge area (A- and
M-Areas), where the clay barrier thins beneath an area where spillage from
rail cars and transfer facilities took place during the early days of SRP
operation. The migration of these constituents is being defined; their source
has been under remediation for nearly two years. Data analyzed to date do not
define any flow paths for these constituents toward offsite water users., The
area of final discharge of the groundwater originating from these sources 1is
the Savannah River. These constituents would require at least several hundred
years to reach the river. The pumpage of recovery wells {(and supply wells for
process water) in A- and M-Areas increases this travel time.

Where the upward gradient exists between the Black Creek and the Congaree,
water is prevented from flowing into the Black Creek aquifer. An exception
occurs in areas where large volumes of water are pumped from the Black Creek;
in these areas, pumpage could reverse the upward gradient. The area most sus-
ceptible to these impacts is H-Area, where the head differential is relatively
small and pumpage is great. A modeling study (Duffield, Buss, and Spalding,
1987) indicates that a maximum head differential (downward potential) of about
5 feet has developed in the eastern portion of H-Area (see Figure A-5). Mod-
erate pumpage from the Black Creek also occurs in U-Area, the Central Shops
Area, TNK-Area, the Classification Yard, and the U.S. Forest Service offices.
The potential for reversing the upward gradient that occurs naturally in these
areas is significantly less than that in H-Area. Any contaminants that would
be drawn into the Black Creek by this pumpage would flow to the pumping well
and, therefore, would not impact offsite areas.

Water elevations in the McBean Formation (includes lower portion of Dry Branch
Formation; GCS, 1986) exhibit a difference of about 0.6 meter in hydraulic
head between the top of the McBean and its base (Du Pont, 1983). This indi-
cates a better hydraulic connection between the sandy unit of the McBean and
the calcareous zone than that between the McBean and either the Congaree For-
mation below or the Barnwell Formation above. As previously noted, the green
clay impedes the downward movement of water from the McBean to the Congaree in
the central part of the Plant, as illustrated by a hydraulic-head differential




of about 17 meters. Moreover, the tan clay in the Barnwell (Siple, 1967)
impedes the wvertical movement of water from the Barnwell into the McBean.
Although the tan clay is not as continuous as the green clay, the head differ-
ential between the Barnwell and the McBean 1is about 4 meters where the tan
clay 1is present.

Figure A~4 shows the relationship of water elevations in the Barnwell Forma-
tion to those in the formations below. The hydraulic head decreases with
depth within the Barnwell Formation. Although the tan clay impedes the down-
ward movement of water, the McBean Formation is recharged by water that passes
through this hydrostratigraphic unit.

The water table is commonly within the Barnwell Formation (equivalent to
Tobacco Road and upper Dry Branch Formations; GCS, 1986), although in the
creek wvalleys it successively occupies positions in the 1lower formations.
Surface drainage and topography strongly influence the flow path at every
point on the potentiometric surface. Even small tribuataries of the larger
creeks cause depressions in the water table, diverting groundwater flow toward
them. Because the Upland Unit in the SRP region 1is usually unsaturated, a
potentiometric map has not been constructed. Flow paths are predominantly
vertical, although there are some short, horizontal flow paths along perched
water tables.

A.2.2.3 Groundwater Flow

Water moves through the ground from areas of high head to areas of lower
head. 1In general, on the Atlantic Coastal Plain, the gradient is seaward from
the higher areas of the Aiken Plateau toward the continental shelf. O0Of major
significance is the modification of this general southeastward movement caused
by the incision of the Savannah and Congaree Rivers and their tributaries (see
Figure A-9). Groundwater in the regions of these rivers and tributaries 1is
diverted toward the hydraulic low caused by natural discharge to the surface
water. The depth of dissection of streams at the SRP has a significant influ-
ence on the direction of flow in most hydrostratigraphic units., The direction
of flow in the shallow groundwater is most affected by small streams; in the
deeper groundwater, it is affected by major tributaries., The direction of
flow in the Paleocene and deeper formations is affected mainly by the Savannah
River. Locally, the direction of flow in any unit can be modified by ground-
water withdrawals from wells.

The velocity (V) of groundwater flow can be calculated by the following
formula:

IK
vV = — (A-1)
e
where:
I = hydraulic gradient
K = hydraulic conductivity
e = effective porosity
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The velocity also can be measured directly by tracers. Table A-7 lists typi-
cal vertical and horizontal groundwater velocities for important hydrogeologic
units on the SRP.

Figures A-9 and A-10 show hydraulic heads of the Cretaceous Sediments, which
constitute the primary aquifer in the region. Where the elevation cof the out-
crop area is high, as on the Aiken Plateau north of the Plant, water naturally
recharged to the aquifer exceeds that naturally discharged to local streams;
this excess water moves southeastward through the aquifer. Where the eleva-
tion of the outcrop area is low, as along the Savannah River Valley in the
northwest section of the Plant, water naturally discharges from the aquifer to
the river. Under the Plant, the direction of groundwater movement in the
Cretacecus sands 1s southwesterly toward the Savannah River Valley.

On the Plant, the recharge of the Congaree is by groundwater flow from offsite
areas and by the infiltration of precipitation; the shallower formations on
the Plant are recharged by the infiltration of precipitation (about &40
centimeters per year) (Root, 1983). However, discharge into Upper Three Runs
Creek and the Savannah River has a dominant effect on Congaree groundwater
flow (Figure A-11). Over parts of the Plant area, hydraulic heads in the
Congaree are lower than those in the Cretaceous Sediments aquifer, precluding
downward flow into the Cretaceous Sediments in these areas (Figure A-7).
However, as noted in Section A.2.2.2, in two areas this condition 1is reversed,
indicating that the Cretaceous Sediments aquifer might receive recharge from
the overlying Congaree aquifer. Also, in small local areas where the
Cretaceous Sediments aquifer head normally exceeds the head in the Congaree
aquifer, drawdown from water production wells in the Cretaceous Sediments
aquifer might lower its head below that of the Congaree, creating a potential
for localized downward flow (Figure A-5).

On a regional basis, the dissecting creeks divide the groundwater in the
Congaree and higher formations into discrete subunits. Even though the
hydraulic characteristics of the formations might be similar throughout the
area, each subunit has its own natural recharge and discharge areas. In the
central part of the Plant, the only stream that intersects the Congaree is
Upper Three Runs Creek.

The McBean Formation (terminology from Siple, 1967) is incised by Upper Three
Runs Creek, severat of its larger tributaries, Four Mile Creek, Pen Branch,
and Steel Creek. Thus, groundwater that enters the McBean Formation over much
of the interior of the Plant is restricted to its connection with other sub-
units of the McBean because of stream incision.

The water table at the Plant is commonly within the Barnwell Formation (termi-
nology from Siple, 1967), although in the creek valleys it successively occu-
pies positions im the lower formations. Surface drainage and topography

strongly influence the water-table flow path., Even small tributaries of the
larger creeks cause depressions in the water table, diverting groundwater flow
toward these creeks. The Upland Unit, which is perhaps the most extensive

surficial deposit in this region, uwsually is unsaturated. TIts flow paths are
predominantly vertical, although there are short horizontal paths.
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The overall flow pattern of the unsaturated zonme at the Plant is vertical.
Precipitation infiltrates inte the Barnwell Formation and percolates downward,
with the greatest amount eventually reaching the (Congaree Formation. The tan
clay diverts some water in the Barnwell laterally to creeks. The green clay
diverts more water in the McBean Formation laterally to creeks. The remaining
water is believed to move wvertically into the Congaree Formation. The
Ellenton and Cretaceous Sediments aquifer are separated hydraulically from the
Congaree and are not recharged significantly on the site. Both the primary
recharge and discharge controls on the water in the Cretaceous Sediments are
outside the SRP area. The Cretaceous Sediments act as a conduit through which
water passes beneath the SRP area en route from recharge zones in the Aiken
Plateau to discharge zones in the Savannah River Valley.

Figure A-12 shows the distribution of groundwater flow between hydrologic
units in the vicinity of A- and M-Areas. Although not specifically applicable
to the entire SRP subsurface, the relationships shown in this figure are gen-
erally the same as those that can be expected in other parts of the Plant.

A.2.3 GROUNDWATER QUALITY

A.2,3.1 Regional Groundwater Quality

The water in the Coastal Plain sediments tends to be of good quality; hence,
it is suitable for industrial and municipal use with minimal treatment. It is
generally soft, slightly acidiec, and low in dissolved and suspended solids
(Du Pont, 1983). Table A-8 lists the results of chemical analyses of ground-
water from wvarious regional formations in the Coastal Plain sediments; the
following paragraphs describe these results. The descriptions will focus on
the total dissolved solids (TDS) content of the groundwater, because the
amount of dissolved solids is a consideration in the suitability of the water
for domestic use and because it can serve as a measure of the presence of some
types of contaminants.

Crystalline Metamorphic Rock

Water from the crystalline metamorphic rock has a TDS content of about 6000
milligrams per liter, which is largely calcium (500 milligrams per liter),
sodium (1300 milligrams per liter), sulfate (2500 milligrams per liter), and
chloride (1100 milligrams per liter).

Triassic/Jurassic Sedimentary Rock

Two water samples from the Dunbarton Basin of Triassic/Jurassic Age had TDS
contents (almost entirely sodium chloride) of about 12,000 and 18,000 milli-~
grams per liter (Du Pont, 1983).

Cretaceous Sediments Aquifer

Water from the Cretaceous Sediments aquifer is low in TDS. Because the water
is soft and acidic, it has a tendency to corrode most metal surfaces (Siple,
1967). This is especially true if the water contains appreciable amounts of
dissolved oxygen and carbon dioxide. The dissolved oxXygen content of water
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from the Cretaceous Sediments around the Separations Areas 1is wvery low
(Marine, 1976), and the sulfate content is about 13 milligrams per liter. The
dissolved oxygen content is inversely related to the sulfate content of the
water., In the northwest part of the Plant near the recharge area, water in
the Cretaceous Sediments aquifer is near saturation with dissolved oxygen
while the sulfate content is very low.

Ellenton Formation

Chemical analyses of water from the Ellenton Formation {Siple, 1967) show a
TDS content somewhat higher than that of water from the Cretaceous Sediments
aquifer, but still wvery low at less than 50 milligrams per liter.

Congaree Formation

Table A-8 compares two analyses of water from sands in the Congaree Forma-—
tion. The analyses are similar to those reported for Eocene limestone {(Siple,
1967). The zones in the formation probably contained some calcareous cement,
giving rise to relatively high concentrations of ionic species in the water.

McBean Formation®

Samples of water from Eocene sand {Lower Dry Branch equivalent; GCS, 1986) and
limestone probably include some water from both the sandy and calcareous
zones. The water from these zones is low in TDS, with that from sandy zones
being much lower. The differences in the chemical characteristics of water
from the two zones are readily apparent. Well HC3D in the upper sandy zone
has a TDS content of 14 milligrams per liter and low concentrations of all
other constituents. The other wells, which are screened in the calcareous
zone, have a TDS content of more than 50 milligrams per liter and high concen-
trations of calcium and bicarbonate. The pH of water from the calcareous zone
is near 7, while that of water from the sandy zone is generally less than 5.

Barnwell Formation®

Table A-8 1lists five analyses of water from the Barnwell Formation (Tobacco
Road and upper Dry Branch equivalents; GCS, 1986) in the Separations Areas.
The TDS content is low, and the concentrations of calcium and bicarbonate ions
are not as high as in the McBean and Congaree Formations. The pH of water
from the Barnwell Formation is slightly acidic, similar to that of groundwater
from other formations in the area.

A.2.3.2 Mixed Chemical and Radionuclide Contamination

Groundwater is monitored at 4% of the 54 SRP hazardous and mixed waste manage-—
ment facilities for the parameters listed in Table A-9. Nine of the 54 facil-
ities have been designated as RCRA interim-status hazardous waste management
facilities. These are the F-Area seepage basins (three basins), H-Area
seepage basins (three basins), M~Area settling basin and Lost Lake, and the
inactive Mixed Waste Management Facility (MWMF) within the operating low-level
radivactive waste burial grounds between F- and H-Areas. Groundwater
contamination at the F- and H-Area seepage basins and the M-Area settling

*Stratigraphic terminology from Siple, 1967. See Figure A-2,
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basin is discussed here to provide examples of the modes of contamination,
possible pathways of contaminants, and water quality within the &8RP
Subsurface. Appendix B discusses contamination at other facilities covered in
this ELS in detail.

The seven unlined basins and Lost Lake have received hazardous wastes and
radivcactive materials since the mid- to late-1950s. Geophysical and geochemi-—
cal testing and groundwater monitoring have been performed at these sites to
assess the nature, extent, and rate of migration of hazardous wastes and haz-
ardous constituents (DOE, 1985).

Suspected contaminants were identified by a statistical comparison of upgradi-
ent and downgradient water quality known as the Student's t-test. Assuming an
appropriate experimental design as well as a good sampling and analysis tech-
nique, the t-test can provide a basis for rejecting or not rejecting sampling
variation as a possible factor to account for the difference between upgradi-
ent and downgradient wells when the number of samples taken is small. Reject-
ing sampling variation at some level of confidence means that the difference
between wells is due to factors other than sampling variation. A failure to
reject means that the difference between wells could be sampling variation,
among other factors. The cutoff points for f-test scores were probabilities
of less than or equal to 0.05 and greater than 0.25. Values less than or
equal to 0.05 were classified as probable contaminants; those greater than
0.25 were improbable contaminants. Scores between these two values were con-
sidered to be possible contaminants.

Tables A-10 and A-11 list the contaminant potential based on the t-test for
selected parameters at the F-Area and H-Area seepage basins, respectively.
Statistical analyses performed in 1983 identified elevated values of TDS,
sodium, nitrate, gross alpha, and gross beta in relation to the values for
upgradient monitoring wells at the F- and H-Area seepage basins. The low pH
of the groundwater in downgradient monitoring wells also reflected the opera-
tion of the seepage basins in these two waste management areas.

The reliability of the 1983 results was evaluated when improvements were made
in sampling and sample preservation methods in 1984. Pumps were installed to
provide adequate flushing of the wells before sampling, and all samples for
metals analyses were filtered before preservatives were added. Results
following the initiation of the new techniques indicated that inadequate
flushing (using a manual bailing technique) and solids in the samples analyzed
were contributing to the erroneous positive results previously obtained.

Special sampling and testing for the hazardous constituents identified in 40
CFR 261, Appendix VIII, were performed in 1985 at the F~ and H-Area seepage
basins. No organic compounds attributable to basin operation were observed in
significant concentrations at either location. However, various hazardous
constituents were measured in downgradient monitoring wells at the F- and
H-Area seepage basins (Table A-12).

Contaminants from the F- and H-Area seepage basins migrate to springs along
Four Mile (reek (approximately 60 to 500 meters). This migration has been
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Table A-12. Hazardous Constituents Measured in Downgradient
Monitoring Wells at F- and H~Area Seepage

Basins®

Maximum Concentrations (mg/l)

Constituent F-Area basins’® H-Area basins”
Antimony 0.035 0.320
Barium 0.280 0.223
Cadmium 0.70 0.010
Lead 0.167 Q.220
Mercury 0.00034 0.72
Nickel 0.100 Q.064
Selenium 0.490 d

"Constituents were observed during RCRR Appendix VIII data
séarches performed in January and March of 1985.

®*Source: Killian et al., 1987a.

“Source: Killian et al., 1987b.

“Below detection.

verified through observations of a tritium plume from Basin 3 in the F-Area,
as shown in Figure A-13. Other contaminants, except those affected by sorp-
tion properties of the site soils, are expected to follow the general behavior
of the tritium plume.

Routine discharges to the M-Area settling basin (which- overflowed to Lost
Lake) were discontinued in July 1985. The U.S. Department of Energy (DOE) has
submitted a Part B closure plan for this hazardous waste management facility
(DOE, 1985, 1987). At the basin and Lost Lake, TDS, chloride, dissolved
organic carbon, nitrate, gross alpha, and radium have been observed at
concentrations above background values. Table A-13 lists the potential Ffor
contamination at the M-Area settling basin. Special studies for hazardous
constituents in the groundwater at the settling basin have identified chlori-
nated hydrocarbons (degreasing compounds); metals were not detected in signif-
icant concentrations. However, the pH in downgradient monitoring wells
reflects basin operation (DOE, 1985).

Extensive groundwater monitoring studies around A- and M-Areas have been con-
ducted since chlorinated hydrocarbong were discovered in the groundwater in
1981. The distribution of these organic compounds has been determinmed verti-
cally and horizontally, but assessment studies are continuing (DOE, 1985).
Figure A-14 shows a cross-section through the settling basin and Lost Lake
depicting isoconcentrations of total chlorinated hydrocarbons. The main body
of the plume is moving slowly to the southeast at about 7 to 8 meters per
year. Monitoring studies bhave demonstrated that volatile organics have not
migrated beyond the SRP boundary.
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A groundwater remediation program was initiated in A- and M-Areas in 1983 to
contain the wvertical and horizontal migration of the chlorinated hydrocarbon
plume in the Tertiary sands and to remove the chlorocarbons from the ground-
water. This project inveolwves the wuse of a l.5-cubic-meter-per-minute air
stripper that is fed by 11 recovery wells (South Carolina Bureau of Air Qual-
ity Control Permit 0080-0055-CB and Bureau of Water Pollution Control Permit
10389). On the average, the air stripper has been removing more than 2600
kilograms of chlorinated hydrocarbons per month from the groundwaters.

The characteristics of the movement and extent of centamination at F-, H-, and
M-Areas are expected to approximate the behavior of contamination at other
waste management units. The specific characteristics of the contamination at
other facilities is primarily controlled by: (1) properties of the contami-
nant(s), (2) depth to groundwater, (3) contaminant retention properties of the
subsurface materials, (4) degree of heterogeneity of the subsurface materials,
(5) groundwater flow speed and direction, and (&) distance to groundwater
QutCcrop.

Hazardous metal constituents have been observed in groundwater monitoring
wells at the low-level radiocactive waste burial grounds facility (643-G and
643-7G). Lead and cadmium concentrations averaged about 43 and 39 micrograms
per liter (parts per billion), but ranged to 398 and 365 micrograms per liter,
respectively. Although approximately 10 tons of mercury have been disposed of
at these facilities, little mercury has been observed in monitoring wells.

Concentrations of mercury at the perimeter wells are generally less than 1
microgram per liter (National Primary Drinking Water Standards for lead, cad-
mium, and mercury are 50, 10, and 2 micrograms per liter, respectively).
Because the wells used to measure these constituents were constructed of gal-
vanized casings, the concentrations are considered questionable.

A.2.3.3 Radionuclide Contamination

Radium, tritium, and certain alpha-emitting radionuclides have been detected
in the groundwater at concentrations above the standards for all geographic
areas but Area 6, and a high level of concern for such contamination has been
determined for Areas 2, &4, 5, 7, 8, 9, and 10. Figure 2-1 and Table 2-2 show
the locations of these geographic areas,

Because of its high mobility and abundance, tritium is the most prevalent
radionuclide that reaches the water table. Other radionuclides in the waste,
particularly strontium-90, cesium-137, plutonium-238, and plutonium-239, tend
to be adsorbed by the soil column in the groundwater flow paths beneath the
seepage basins and the burial grounds. These radicnuclides migrate very
slowly because they are strongly adsorbed by soil particles.

Tritium is present in some waste streams and burial grounds leachates as
tritiated water, which behaves like normal water and cannot be separated

practically from uncontaminated groundwater. The flow and transport
properties of tritiated groundwater are indistinguishable from those of
groundwater that has not been affected by tritiated leachate. Based on

monitoring performed at the low-level radiocactive waste burial grounds, Lhe
groundwater beneath the MWMF probably has been contaminated by tritium and, to
a lesser extent, by other radionuclides.
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Tritium was the only radionuclide detected migrating from the K-Area contain-
ment basins to Pen Branch. Weekly water-flow measurements combined with stud-
ies of tritium concentrations in Indian Grave Branch, a tributary of Pen
Branch, indicated a migration of 7500 curies in 1984,

Tritium discharged to the F-~ and H-Area seepage basins has migrated from the
basins and contaminated the water—table aquifer to concentrations in excess of
40,000,000 picocuries per liter (Du Pont, 1983). The migration of radioactiv-
ity from the F- and H-Area seepage basins and the low-level waste burial
ground was measured with continuous samplers and flow records in Four Mile
Creek in 1984, The total measured migration of tritium was 2320 curies from
the F-Area seepage basins and 12,500 curies from the H-Area seepage basins and
the low-level waste burial grounds. The amount of strontium-920 that migrated
from the F- and H-—-Area seepage basins was 0.20 and 0.l2 curie, respectively.
Because of the desorption of cesium-137 in streambeds, the migration of this
radionuclide, if it occurs, cannot be measured. Table A-14 shows the 1984
migration of tritium and strontium-9%90 from the seepage basins.

Table A-14. Migration of Tritium and Strontium-90
from Seepage Basins in 1984 (Ci)

Location Tritiam Strontium—-90

200-F seepage basin to Four Mile Creek
(FM-A7 minus FM~4)° 2320 0.20

200~-H seepage basins to Four Mile Creek
(FM-2B minus FM-1)° 8020 0.12

Burial Ground and 200-H seepage basin 4
(FM-3A minus FM-3)° 4480 0.01

K-Area containment basin to Indian
Grave Branch 7500 0.01

"Designators for sampling locations on Four Mile Creek.

Many laboratory and field studies of soil-to-water distribution coefficients
(Kq}) have been conducted on the Plant to relate soil adherence to waste
migration (Prout, 1958). These studies reveal that the soil column acts to
restrict the free passage of most radionuclides. Radiostrontium, radiocesium,
plutonium, and many other radionuclides are largely removed from the flowing
groundwater due to adsorption by clay particles. As with most physical and
chemical interactions, the amount of adsorption is governed by complex equi-
librium equations. Changes in the pH of the groundwater and the mass balance
between other constituents are two conditions that can affect the degree of
adsorption by clay particles. Changes in these conditions can cause
additional contaminants to be adsorbed or some contaminants to be released
from the clays, depending on the sense in which the equilibrium is shifted
(Freeze and Cherry, 1979).
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Two long-lived mobile radionuclides, technetium-99 and iodine-129, form stable
anionic species that adhere poorly to soil and tend to migrate at about the
speed of the groundwater. Preliminary data indicate that although both tech-~
netium and iodine have been found in groundwater by ultrasensitive analytical
methods, neither is present in concentrations that can be measured by accepted
routine monitoring procedures. The maximum measured concentration of
technetium-99 was 20 picocuries per liter, and that of iodine-129 was
1 picocurie per liter (Du Pont, 1983).

Tritium is the principal radioactive contaminant in the groundwater beneath
the burial ground. According to calculations, approximately 28,000 curies of
tritium are in this plume. Under 643-7G and 643-28G, the water-table aquifer
exhibits concentrations that range from aboutr 20,000 to 34,000,000 picocuries
per liter. Perimeter monitoring wells generally exhibit lower concentrations,
averaging about 300,000 picocuries per liter. However, tritium has reached
the Congaree Formation at concentrations of about 20,000 picocuries per liiter
[National Priwmary Drinking Water Standard for tritium ig 20,000 picocuries per
liter] (Hubbard and Emslie, 1984). Table A-15 1lists other radionuclides
detected in the groundwater beneath the burial ground {Du Pont, 1983).

Table A-15. Radionuclides Detected in Groundwater
Beneath Burial Ground® (pCi/L)

Average Drinking-water

Radionuclide concentration standard
Tritium 300,000° 20,000
Cobalt-60 13 100
Strontium-90 19 8
Cesium-137 12 200
Plutonium-238 5 15
Plutonium-239 3

Total Plutonium 8 15°

*The limits for tritium, cobalt-60, strontium-90, and
cesium-137 are the maximum concentration limits if only
one manmade beta- or gamma-emitting radionuclide 1is pres-
ent.

"Perimeter wells.

“Total plutonium.

ApproxXimately 80 percent of the groundwater plume from the low-level radiocac-
tive management facility flows toward outcrop springs along Four Mile Creek,
in much the same manner as the plume from the F-Area seepage basins (Figure
A-11). The remaining plume flows toward Upper Three Runs Creek, but extends
only about 200 meters beyond 643-7G. Groundwater in the Congaree Formation in
this area flows to Upper Three Runs Creek.
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A.2.4 GROUNDWATER USE

A4.2.4.1 Important Aquifers

As noted in Section A.l.l., the subsurface waters in the vicinity of the SRP
include six major hydrostratigraphic units. The geohydrologic characteristics
of these units, their aeral configurations, and their recharge/discharge rela-
tionships control the vertical and horizontal movement of groundwater at the
Plant (see Sections A.2 and A.3). Section A.l explains the stratigraphic
nomenclature used at the SRP.

At present, the Plant does not withdraw groundwater from the crystalline,
metasediment basement rocks and overlying saprolite. The Cretaceous Sediments
aquifer, which is 170 to 250 meters thick at the Plant, is the most important
regional aquifer., At the Plant, the Cretaceous Sediments consist of two aqui-
fers separated by a clay aquitard {(Figure A-2). The lower aquifer consists of
about 90 meters of medium-to-coarse sand (Middendorf); the overlying aquifer
(Black Creek) consists of about 45 meters of well-sorted medium-to-coarse
sand. The Ellenton Formation cliays cap the Cretaceous Sediments forming an
aquitard that restricts the flow of groundwater between the Cretaceous Sedi-
ments aquifer and the overlying units.

The Congaree is another "important regional aquifer. In this area, only the
Cretaceous Sediments exceed the Congaree's water-~producing potential. The
Congaree's intermediate depth {Figure A-5) also makes it attractive for water
wells. An extensive clay layer at the base of the Congaree forms a confining
bed that separates the permeable sands of the Congaree from the sands in the
underlying Ellenton and Cretaceous Sediments units (DOE, 1984). The green
clay (Figure A-4), a marker bed at the top of the Congaree, exhibits very low
hydraulic conductivity; it 1is,. therefore, a 'significant aquitard (Section
A.2.1), particularly south and €ast of Upper Three Runs Creek. The SRP does
not withdraw large quantities of groundwater from the McBean, Barnwell-
Hawthorn, or stream valley alluvium deposits (stratigraphic terminolegy from
Siple, 19673 see Figure A-2). The McBean, however, becomes increasingly more
important as an aquifer to the east of the Plant.

The water table is commonly located in the stream valley alluvium deposits and
in the Barnwell. The McRBean is usually under semiconfined conditions, In
contrast, groundwater in the Congaree (to the south and east of Upper Three
Runs Creek) and the Cretaceous Sediments is under c¢onfined conditions.
Cretaceous Sediments water wells near the Savannah River (e.g., in D-Area)
often flow because the potentiometric level of the groundwater is greater than
the elevation of the land surface. Figure A-4 shows the head relationships
near H-Area, close to the center of the Plant. Section A.3 discusses these
relationships. Section A.3 also discusses interactions between surface water
and groundwater, groundwater flow patterns, rechargef/discharge, and water
budgets.

A.2.4.2 Regional and Local Groundwater Use

DOE surveyed pgroundwater use in South Carolina in an area within about 32
kilometers from the center of the SRP. DOE obtained information for this sur-
vey from the South Carolina Department of Health and Environmental Control,



the South Carolina Water Resources Commission, the U.S. Geological Survey,
local universities, and files at the SRP (DOE, 1984; RPI, 1985). The survey
did not include users in Georgia, because the strength of groundwater flow
toward the Savannah River in the area bordering the river tend to outweigh any
hydrologic gradient in the Georgia direction (Du Pont, 1983). See Sections
2.2.,2, 2.2.3, 3.1, and 3.2 for information on this phencmenon (Figures A-8,
A-15, A-16, and A-17).

This survey found that groundwater is the primary source of water for domes-
tic, industrial, municipal, and agricultural use in the wvicinity of the SRP,
The Cretaceous Sediments, which occur at shallower depths as they approach the
fall line, form the base for most municipal and industrial water supplies in
Aiken County. Domestic water supplies depend primarily on the Barnwell,
McBean, and Congaree Formations. In Barnwell and Allendale Counties, the
Cretaceous Sediments occur at increasingly greater depths; some municipal
users, therefore, get their water from the shallower Congaree and McBean For-
mations or from their limestone equivalents (Section A.l; Du Pont, 1983). In
these counties, domestic supplies come from the Barnweil and the McBean
Formations.

The survey identified 56 major municipal, industrial, and agricultural ground-
water users in the study area. The total estimated pumpage in this area is
about 135,000 cubic meters per day. Figures A-15 and A-16 show the locations
of the major users and the groundwater flow paths for the Congaree and
Cretaceous Sediments aquifer, respectively. Tables A-16 and A-17 provide per-
tinent data.

Municipal Use

The survey identified 20 municipal users that have a combined withdrawal rate
of about 52,605 cubic meters per day (Table A-16). Within the study area, the
total municipal pumpage from the Cretaceocus Sediments aquifer is about 36,920
cubic meters per day. Total municipal pumpage from the McBean Formation is
about 545 cubic meters per day; the Congaree Formation supplies 15,140 cubic
meters per day for municipal use.

Industrial and Agricultural Use

The survey identified 36 industrial and agricultural users, including 13 on
the SRP. Table A-17 lists these users. Total industrial pumpage from the
Cretaceous Sediments is about 71,940 cubic meters per day, including 38,550
cubic meters withdrawn daily by the SRP.

The Sandoz Plant, about 29 kilometers south of the center of the SRP, is the
largest offsite industrial user. Since 1978, it has pumped about 4165 cubic
meters per day from one Cretaceous Sediments well.

In 1980, irrigation from groundwater sources in Allendale and Barnwell Coun-
ties, including areas outside the study area, amounted to average annual
pumping rates of 15,000 and 4100 cubic meters per day, respectively (DOE,
1984). Major growth in the use of irrigation systems in these counties has
occurred during the last several years. Some of these irrigation systems draw
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from the Cretaceous Sediments, but some are in the limestone equivalent of the
McBean and Congaree Formations. The largest agricultural user identified in
the survey, B. Oswald Company, pumps about 8175 cubic meters per day from the
Tuscaloosa aquifer. In Barawell County, the CGreen Blade Turf Grass Farm with-
draws about 1895 cubic meters per day from Tertiary aquifers.

Domestic Use

In addition to large municipal, industrial, and agricultural users, the files
of the South Carolina Department of Health and Envirommental Control 1list 25
small communities and mobile home parks, &4 schools, and 11 small commercial
interests as groundwater users. Wells serving these users generally have
pumps with capacities of 54 to 325 cubic meters per day; they do not draw
large quantities of water. Most of these wells produce from shallow aqui-
fers. Total withdrawal from these 40 users is estimated to be less than 2000
cubic meters per day. However, incomplete State records provide little infor-
mation on screened zone, formation, or actual usage.

Two South Carolina State Parks are within the survey area: Aiken State Park,
with seven wells; and Barnwell State Park, with two wells. Several shallow
wells produce small quantities of water for SRP guardhouses. The pump capac-
ity of each of these wells is less than 40 liters per minute.

A.2.4.3 SRP Groundwater Use

Table A~18 lists pumping rates for the period 1968 to 1985 for individual
areas on the Plant. Figure A-15 shows the locations of most of these areas.
The greatest groundwater pumpage on the Plant occurs in A-, F-, and H-Areas.
Figure A-18 shows the total pumpage on the Plant. The projected 1985 ground-
water use is 26.8 cubic meters per minute. Siple (1967) concluded that (1)
the Cretaceous Sediments aquifer can supply about 37.8 cubic meters per minute
for SRP operation with no adverse effects on the pumping capabilities of
existing 1960 wells; and that (2) potentially, the aquifer could produce more
water if the well fields were properly designed. In 1960, SRP pumpage from
the Cretaceous Sediments was about 18.9 cubic meters per minute.

A.3 SURFACE WATER/GROUNDWATER RELATIONSHIP

This section provides a summary description of the interrelationships between
the various hydrogeologic units that constitute the SRP groundwater system, a
description of the recharge and discharge areas on the Plant, and a summary
description of a water balance study on the Plant.

A,3.1 HYDROGEOLOGIC INTERRELATIONSHIPS AT SRP

Ag discussed in Sections A.l1.1 and A.Z2.1, the Coastal Plain sedimentary aqui-
fers at the Plant include the Hawthorn (upland unit), Barnwell, McBean,
Congaree, Ellenton, and Cretaceocus Sediments (stratigraphic terminology from
Siple, 19673 see Figure A-2). Water-table (unconfined) conditions generally
occur in the Barnwell aquifer. Groundwater in the underlying units generally
occurs under semiconfined and confined conditions. The principal aquitards
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(units with low hydraulic conductivity) include the tan clay, the green clay,
the basal Congaree-Ellenton clay, and clay units in the Cretaceous Sediments
(Figures A-1 and A-4).

Precipitation at the Plant averages about 120 centimeters per year. Although
there might be both spatial and temporal variations in the fraction of this
precipitation that recharges the groundwater, the overall average recharge
near the SRP Burial Ground and the Separations Areas is about 30 percent, or
38 centimeters per year. This water moves predominantly in a vertical direc-
tion through the unsaturated zone at a rate of about 0.9 to 2.1 meters per
day, as determined by tracer tests, to recharge the water table (Haskell and
Hawkins, 1964). Upon reaching the water table, the water travels a path that
has hoth vertical and horizontal components. The magnitude of these two com—
ponents depends on the vertical and horizontal components of the hydraulic
conductivity. Clay layers of low hydraulic conductivity tend to impede verti-
cal flow and enhance horizontal flow. If the horizontal hydraulic conductiv~
ity is low, water will tend to 'pile up" above the clay, and the water table
will be high. On the other hand, if the horizontal hydraulic conductivity is
high, the water will be conducted more quickly away from the recharge area,
and the water table will be low.

The water table is high in H-Area because the tan clay inhibits the downward
movement of water and the 1low horizontal hydraulic conductivity of the
Barnwell Formation does not permit rapid removal of the water in a horizontal
direction. The hydraulic head builds wup in the Barnwell Formation suffi-
ciently to drive the water through the material of low hydraulic conductivity;
some goes vertically through the tan clay and some moves laterally to nearby
streams.

Water that enters the McBean Formation also follows a path that has beth ver-~
tical and horizontal components. The water recharging this formation through
the tan clay is the nominal surface recharge (38 centimeters per year) minus
the amount of water that is removed from the Barnwell by lateral flow (about
25 centimeters per year; see Section A.3.3.1). The discharge points Ffor the
McBean Formation are mere distant from their respective groundwater divides
than those of the Barnwell Formation.

The green clay has a lower hydraulic conductivity than the materials above; as
a result, recharge to the Congaree through this clay is less than the recharge
to the McBean. In addition, the Congaree has a higher hydraulic conductivity
than the materials above; as a result, lateral flow is enhanced, making the
potentiometric levels in the Congaree much lower than those above, as shown in
Figures A-4 and A-19. The discharge areas for the Congaree are the valleys of
the Savannah River and Upper Three Runs Creek.

Cretaceous Sediments potentiometric levels in H-Area are above those of the
Congaree (Figure A-4), indicating that in this area the Cretaceous Sediments
are not recharged naturally from the Congaree. Water in the Cretaceous Sedi-
ments passing beneath H-Area is recharged through the Tertiary sediments to
the north of the Plant. Some water is discharged from the Cretaceous Sedi-
ments upward into the overlying sediments in the Savannah River valley where
it borders the Plant. Most of the remaining groundwater moves northwest to
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the outcrop area of the Cretaceous Sediments, where water discharges directly
to the Savamnah River and its tributaries (Figure A-10). Water levels in the
Cretaceous Sediments in the Savannah River wvalley are commonly above land
surface and wells in these areas flow naturally. Figures A-8, A-9, A-15, and
A-16 show that water from either formation does not naturally flow between
South Carolina and Georgia. Instead, groundwater moves toward the Savannah
River from both states in the vicinity of the SRP site. Figure A-20 shows the
vertical head relationships between the Congaree, the wupper Cretaceous
Sediments aquifer, and the lower Cretaceous Sediments aquifer in the southern
part of the Plant. The head relationship between the Coungaree and the upper
Cretaceous Sediments is the same here as in H-Area, but the difference is
greater. This area is greatly influenced by the drawing down of the head in
the Congaree, as groundwater flows from the Congaree into the Savannah River
valley.

The head relationships in the northwest part of the Plant (M-Area) are quite
different, as shown on Figure A-21. TIn this updip area (Figure A-1), the
green clay is very discontinuous and not as thick as it is farther downdip.
The tan c¢lay can be missing entirely. Thus, there is little impedance to
downward vertical flow within the Tertiary sediments, and the water levels are
farther below the land surface than in H-Area. Another very important factor
is that the geologic character of the Congaree Formation in M-Area is differ-
ent from that in H-Area; the geologic material is not as well sorted and its
hydraulic conductivity is lower. As a result, the lateral flow of water in
the Congaree is insufficient to draw its water level down below that of the
Cretaceous Sediments aquifer in M-Area, and a downward head differential
exists from the Congaree to the Cretaceous Sediments. Closer to the Savannah
River, the discharge from the Congaree draws its water level down below that
of the Cretaceous Sediments aquifer.

The locations of areas in which there is a head reversal between the Congaree
and the Cretaceous Sediments aquifer, and areas in which there is not, were
obtained from a map showing the differences between the Cretaceous Sediments
and Congaree potentiometric surface maps {(Du Pont, 1983). The resulting head
differential map (Figure A-22) shows that the head in the Cretaceous Sediments
is higher than that in the Congaree in a broad area within about 10 kilometers
from the Savannah River and Upper Three Runs Creek. The head in the Congaree
is higher in an area around M-Area and in the vicinity of Par Pond. This map
was counstructed by subtracting two potentiometric surface maps that contained
limited data; thus, it should not be used to predict detailed head relation-—
ships, but only to indicate directions of expected vertical gradients in broad
areas,

A.3.2 GROUNDWATER RECHARCE AND DISCHARGE AT SRP

Water enters the groundwater system in recharge areas and moves through the
system, as dictated by hydraulic gradients and hydraulic conductivities, to
discharge areas. Groundwater moves from areas of high potential emergy (usu-
ally measured by combined elevation and pressure heads) to areas of lower
potential energy.

The hydraulic gradient on the Atlantic Coastal Plain is generally southeast-—
ward toward the Atlantic Ocean, The southeastward groundwater flow is
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modified by the incised channels of the Savannah and Congaree Rivers and their
tributaries. Groundwater flows toward the areas of low potential energy (low
hydraulic head areas) created by natural discharge to stream channels and
wetlands.

The Savannah River Plant is drained almost entirely by five major streams:
Upper Three Runs Creek, Four Mile Creek (including Beaver Dam Creek), Pen
Branch, Steel Creek, and Lower Three Runs Creek (Figure A-23). The depth of
dissection of these streams has a significant influence on groundwater dis-
charge areas and the directions of groundwater tlow. The flow direction in
the shallow groundwater, typically in the Barnwell Formation, is most affected
by small onsite streams (see, for example, Figures A-24 through A-29). Flow
directions in the McBean Formation are affected by Upper Three Runs and Four
Mile Creeks (Figure A-30}, those in the Congaree Formation by Upper Three Runs
Creek and the Savannah River (Figures A-31l and A-%)}, and those in the Ellenton
and Cretaceous Sediments by the Savannah River only. Locally, the direction
of normal groundwater flow in any hydrogeologic unit is modified by ground-
water withdrawals from wells (Figure A-5). The locations of recharge and dis-~
charge areas on the Plant are summarized in Table A-19.

Figure A-15 shows the potentiometric surface of the Cretaceous Sediments aqui-
fer near the Plant. Recharge occurs principally in offsite outcrop areas near
the Fall Line. 1If the elevation of the outcrop area is high, as on the Aiken
Plateau northeast of the Plant, precipitation recharged to the Cretaceous
Sediments exceeds the groundwater naturally discharged to local streams and
withdrawn by water wells. This excess water moves southeastward through the
aquifer. Where the elevation of the outcrop is low, as along the Savannah
River wvalley just north of the wunorthwest sector of the Plant, groundwater
naturally discharges to the Savannah River. Under the Plant, the groundwater
flow in the Cretaceous Sediments is southwesterly toward the river (Du Pont,
1983).

Recharge to the Congaree Formation is principally in offsite areas. At the
Plant there is appreciable recharge from the McBean Formation in M- and
A-Areas but almost none from overlying units southeast of Upper Three Runs
Creek. The natural discharge areas for the Congaree on the Plant are the wet-
lands along Upper Three Runs Creek and the Savannah River. As shown in Fig-
ures A-19, A-31, and A-11, the water levels in the Congaree are drawn down
significantly by groundwater discharge to Upper Three Runs Creek and the
Savannah River.

Recharge to the McBean Formation is from the Barnwell Formation in the central
areas of the Plant and in offsite areas. The natural discharge areas are
Upper Three Runs and Four Mile Creeks (Figure A-30).

Thus, in summary, the dissecting creeks divide the groundwater in the Congaree
Formation into discrete subunits (see Figure A-23). Depending on the depth of
dissection, groundwater is confined to its own subunit. Thus, even though the
hydraulic characteristics of the formation might be similar throughout the
area, each subunit has its own recharge and discharge areas. If dissection is
through most of the formation thickness, then no water will move from one sub-
unit to another. As with the Congaree Formation, creeks in the region dissect
the McBean Formation and divide the hydrogeologic wunit into separate
subunits,
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Because the McBean is a shallower formation than the Congaree, smaller creeks
with less deeply incised valleys make these divisions. The subunits of the
McBean are, therefore, smaller than those of the Congaree. In the Separations
Areas, the only stream that cuts into the Congaree is Upper Three Runs Creek,
whereas the M¢Rean is incised by Upper Three Runs Creek and several of its
larger tributaries, Four Mile Creek, Pen Branch, and Steel Creek. Thus, as
shown in Figure A-30, groundwater that enters the McBean in the Separations
Area cannot flow to other subunits of the McBean (Du Pont, 1983). .

The water table at the Plant southeast of Upper Three Runs Creek is commonly
within the Barnwell Formation, although in the creek valleys it successively
occupies positions in the lower formations (e.g., Figure A~19). Recharge to
the Barnwell is frem precipitation. Natural discharge from the water table is
to the creeks and their tributaries. The surface drainage and topography
strongly influence the groundwater flow in the unconfined aquifer. Even small
tributaries of the larger creeks cause depressions in the water-table eleva-
tion (see Figures A-24 through A-28). The Upland Unit, which overlies the
Barnwell on much of the Plant, 1s unsaturated; its flow paths are
predominantly vertical with only short, horizontal flow paths.

Northwest of Upper Three Runs Creek, the water table is much deeper and lies
within the McBean Formation (Du Pont, 1985a, b). Discontinuous clays that are
believed to correlate to the green clay mark the lower boundary of this unit.
The groundwater beneath these clays is in the Congaree Formation under semi-
confined conditions. Because the depth of the water table is abeout 33 meters,
streams in this portion of the Plant exhibit little control over groundwater
flow,

A.3.3 WATER BUDGET FOR SEPARATIONS AREAS AND SRP BURIAL GROUND

Precipitation falling on the earth’'s surface enters the groundwater system
by infiltration, enters the surface water by runocff, or returns to the atmos-
phere by evaporation. The water budget is essentially a water—material bal-
ance used by hydrologists to determine the distribution of precipitation
within the hydrosphere. Hubbard and Emslie (1984) wused the water-budget
method to determine whether significant groundwater flow paths exist below the
Barnwell Formation at the SRP Burial Ground between (- and H-Areas (Figure
A-12).

A simplified water budget for the Separations Area can be quantified as
follows:

P-R-G-ETl =5 (A-2)
where:
P = input precipitation
R = surface and subsurface runoff, water that moves rapidly to drainage

ditches and streams
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G = water percolated downward to recharge the groundwater at the water
table

ET = evapotranspiration, evaporation from the surface and transpiration
through vegetation to the atmosphere

S = storage of water, as reflected in the rising and falling of the water
table

Groundwater migrates slowly toward places of lower hydrawlic potential, dis-
charging as springs, seeps, or the base flow of streams. Over sufficiently
long periods, often a water-year, storage can be neglected, so discharge can
be assumed to equal recharge.

Mean annual precipitation, runoff, and evapotranspiration were estimated to be
119.4, 5.1, and 76.2 centimeters, respectively. The total groundwater
recharge was estimated by subtracting runoff and evaporation from the precipi-
tation, or 38.1 centimeters.

Groundwater in most of the Burial Ground area migrates slowly westward and
southward toward Four Mile Creek and its F-Effluent tributary (Figure A-24).
Groundwater was seen to enter a tributary of Four Mile Creek at seeps and
springs during a rain-free periocd in May and June 1980. At a "tan clay" out-
crop 61 meters above sea level, the groundwater discharge averaged 8.2 liters
per second over four measurements made during this period. This measurement,
converted to other units and combined with the estimated watershed area of 2.1
square kilometers, gives the groundwater discharge above the tan clay as 0.004
cubic meter per second per square kilometer or 12.7 centimeters per year.

These discharge measurements provide the basis for inferring that a residual
recharge of 25.4 centimeters per year (38.1 centimeters minus 12.7 centi-
meters) reaches aquifers below the tan clay, the McBean, and the Congaree.
However, there is believed to be little recharge of the Congaree in this part
of the Plant because of the low hydrauliec conductivity of the green clay.
Root (1983) showed that the assumption of zero recharge of the Congaree could
be used in mathematical modeling of groundwater flow at the Burial Ground.
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Figure A-31. Potentiometric Map of the Upper Part of the Congaree Formation in
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Table A-10.

F-Area Seepage Basin Contaminant Potential®

Contamination

Known releases

Concentration in

Number of wells
failing

Parameter potential from process process streams® student's t-test
pH Probable 2-2.7 2.8-11 3
Total dissolved solids Probable - — 2
Cadmium Improbable None known Not detectable 2
Copper Possible Infrequent <0.001-0.3 ppm 2
Manganese Possible Infrequent 0.0004-2 ppm 2
Sodium Probable Frequent® 0.004-30 ppm 2
Nickel Possible None known ¢0.0007-0.3 ppm 1
Zinc Possible Frequent <0.001-2 ppm 1
Fluoride Possible Frequent - 1
Nitrate Probable Frequent® 43-93,000 ppm 2
Gross alpha Probable Frequent <1-2,250 d/mk 2
Gross beta Probable Frequent -- 2
Radium Probable Frequent - 2
Foaming agents Possible Past® — 1
Phencol Improbable None known ~— 1

“Adapted from Du Pont, 1985a.
"Key: ppm, parts per million; d/mL, disintegrations per milliliter.

“In excess of 454 kilograms per year.
9Laundry facilities discharged to basin prior to 1982.
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Table A-11. H-Area Seepage Basin Contaminant Potential®

Contamination

Known releases

Concentration in

Number of wells
failing

Parameter potential from process process streams" student's t-test
pH Probable 3.0-8.4 2.8-11 3
Conductivity Probable —-- — 2
Total dissolved solids Probable - — 2
Chloride Possible Frequent® — 1
Iron Possible Frequent® <0.01-1.8 ppm 1
Mercury Probable Infrequent 5-6 ppm 1
Manganese Possible Infrequent <0.01-38 ppm 1
Sodium Probable Frequent® <0.1-3,260 ppm 3
Nitrate Probable Frequent® 0.1-18,000 ppm 2
Gross alpha Probable Frequent ¢5 d/ml 1
Gross beta Probable Frequent - 1
Radium Probable Frequent - 2

?Adapted from Du Pont, 1985a.

"Key: ppm, parts per million; d/mL, disintegrations per milliliter,

“In excess of 454 kilograms per year.
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Table A-13. M-Area Settling Basin Contaminant Potential®

Concentration in
basin influent
Number of wells

Contamination Known releases failing
Parameter potential from process Maximum Average Student's t-test
Total dissolved solids Possible -— - -— 1
Chloride Possible Frequent — - 1
Dissolved organic carbon Probable Frequent - -— 1
Cadmium Improbable None known 0.008 ppm = 0.005 ppm 1
Copper"” Improbable None known 0.04 ppm 0.04 ppm 1
Manganese Tmprobable None known ¢0.005 ppm <0.005 ppm 3
Nickel® Possible Frequent 1.55 ppm 0.68 ppm 3
Nitrate Probable Frequent® 1190 ppm 151 ppm 1
Gross alpha Possible Frequent —— — 2
Radium Possible Fregquent - -— 3
Gas—chromatograph scan Probable Infrequent — - 2
Phenol Improbable None known -— —— 1

“aAdapted from Du Pont, 1985a.

“In 1982, core samples 4.6 meters deep were taken from basin. Analyses of cores indicated that concen-
trations of this metal reached background levels at depth of 1.2 meters.

“In excess of 454 kilograms per year.
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Table A-16. Groundwater Pumpage for Municipal Supplies®
Distance Average Basis
Map from center Population daily use HWater-bearing Type of of
location® User of SRP (km) served {(m*/day) formation source  estimatef
1 City of Aiken 34 28,000 9,520 Cretaceous Wells, q
sediments springs
2 Town of Jackson 16 3,152 1,070 Cretaceous 2 wells 4
sediments
3 Town of New Ellenton 13 4,000 1,360 Cretaceous 2 wells q,2
sediments
4 Town of Langley 31 1,330 490 Cretaceous 2 wells 3
sediments
5 College Acres 21 1,264 430 Cretaceous 3 weils 4,2
sediments
& Bath Water District 31 1,239 1,230 Cretaceous 2 wells 3
sediments
7 Beech Istand 27 4,500 1,910 Cretaceous 3 wells 2,4
sediments
8 Talatha 11 1,200 480 Cretaceous 2 wells 4,2
sediments
9 Breezy Hi1l W&S 39 4,500 1,530 Cretaceous 2 wells 4
sediments
10 Burnettown 31 1,200 570 Cretaceous 2 wells 3
sediments
1 Montmorenct/Couchton WD 23 4,232 1,600 Cretaceous 3 wells 3,5
sediments
12 Warrenville 31 788 1,135 Cretaceous 4 wells 3
sediments
13 Johnston 31 1,560 545
Howlandville 31 1,232 420 Cretaceous 1 well 4
sediments
Gloverville 31 1,440 545
14 Belvedere 39 6,300 2,140 Cretaceous 5 wells 4
sediments
15 Barnwell 26 6,500 15, 140 Congaree 11 wells® 3
16 Williston 19 3,800 2,650 McBean- 4 wells
Cretaceous
sediments
17 Biackville 32 2,975 1,135 Cretaceous 3 wells 3.4
sediments
18 Hilda 35 315 110 {retaceous 1 well 4,2
sediments
19 Elko 23 315 545 McBean 1 well 1
37 Allendale 40 4,400 8,050 Cretaceaus 5 wells ]
sediments
Total municipal use: 52,605 m'/day
pdapted from 00E, 1884,
“See Figures A-14 and A-15.
“Key: 1 = RPI, 1985 (reported use); 2 = RPE, 1985 (well test yield); 3 = DOE, 1984, Appendix F; 4 = per capita
use of 0.34 cubic meter per day (Clark, Viessman, and Hammer, 1977); 5 = interview.

“Portions of this amount supply local industry.
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Table A-17. Groundwater Pumpage for Industrial and Agricultural Supplies

Map

lTocation® User
20 A/H—Areag
21 F-Area
22 H-Area
23 U-Area
24 Central Shops (C5}
25 CMX-TNX
2b Class. Yd.
3B DWPF*
39 FMfe
41 C-Area
42 K-Area
43 P-Area
44 L-Area
217 U.S. Forest Service
28 Graniteville Company
29 J. M. Huber Company
30 Augusta Sand & Gravel
31 Cyprus Mines Corp.
32 Florida Steel Corp,
33 Valchem

Footnotes on last page of table.

Distance Average Basis
from center Population daily use Water-bearing Type of of
of SRP {km) served (m¥/day) formation source estimate”

SAVANNAH RIVER PLANT
10 2,13 7,155 Cretaceous 4 wells 6
sediments
3 800 10,510 Cretaceous 6 wells 6
sediments
0 825 11,880 Cretaceous 5 wells G
sediments
6 110 330 Cretaceous 3 wells &}
sediments
11 600 1,095 Cretaceoqus 3 wells b
sediments
13 50 1,355 Cretaceous 3 wells 6
sediments
10 35 30 {c) 1 well b
1 530 1,080 fretaceous 2 wells 3
sediments
1 280 290 Cretaceous {¢) 3
sediments
5 {b) 1,470 Cretacepus 2 wells 6
sediments
g {b} 1,470 Cretaceous 3 wellsg 6
sediments
9 (b} 1,900 Cretaceous 4 wells 6
sediments
9 {b} 1,355 Cretaceous 2 wells 6
sediments
AIKEN COUNTY, SOUTH CAROLINA
11 70 20 Cretaceous T well 3
sediments
32 2,156 525 Cretaceous 1 well 3
sediments
29 {c) 8,440 Cretaceous 1 well 3
sediments
35 (c} 3,595 Cretaceous 1 well 3
sediments
32 {c) 1,420 Cretaceous 1 well 3
sediments
32 {c) 75 Cretaceous 1 well 3
sediments
29 (c) 410 Cretaceous 1 well 3
sediments
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Table A=17. Groundwater Pumpage for Industria) and Agricultural Supplies (continued}

Distance Average Basis
Map from center Pppulation daily use Water-bearing Type of of
lacation® User of SRP (km) served (m?/day) formation source  estimate®
36 Houndslake Country Club 33 (c) 3,380 Cretaceous 2 wells P
sediments
45 5.C. Generating Company 32 (c) 650 Cretaceous 2 wells 2
sediments

ALLENDALE COUNTY, SOUTH CAROLINA

34 Sandoz Co. 29 {c) 4,165 Cretaceous 1 well 1
sediments

46 B. Terry, Sr. 27 (c) 404 Tertiary 1 well 1

a7 J. P. Stevens Company 30 (c) 95 Cretaceaus 1 well 1
sediments

48 E17is Country Store 30 {c) 160 Cretaceous 1 well i
sediments

49 Duncan Farins 20 {c) 980 Cretaceous 1 well 1
i sediments

50 J. Furse 23 {c) 355 Cretaceaus 1 well 1
sediments

51 . W. Smith 23 (c}) 135 Tertiary T oweld i

52 B. Oswaid 40 (c) 8,175 Cretaceous 1 well |
sediments

BARNWELL COUNTY, SOUTH CAROLINA

35 E. T. Barwick, Inc. Z26H 44) 945 Cretaceous 2 wells 3
sediments

53 Burtington, Inc. 25 (c) 2,725 Tertiary 2 wells 1

54 Mathis Farms 28 (c) 4l Tertiary 1 wel) 1

55 Edisto Exp. Sta. 28 {c) 435 Congaree 1 well 1,3

56 Green Blade i3 {c) 1,895 Tertiary 1 well 1

Turf Grass, Inc.

Total industrial and agricultural use: 77,940 m*/day

2See Figures A-14 and A-15; adapted from DOE, 1984.

"Key: 1 = RPI, 1985 (reported use); 2 = RPI, 1985 (well test yield}; 3 = DOE, 1984 Appendix F; 4 = per capita
use of 0.34 m*/day (Clark, Viessman, and Hammer, 1977): 5 = interview; b = Quarteriy Water Use Reports sub-
mitted by DOE to South Carolina Water Resources Commission.

“Data not available.

“DWPF is under construction. Exact number of water wells and pumping requirements are not Tirmly established.
Current plans (December 1983) indicate usage of less than 1080 cubic meters per day supplied by one or two
wells, each with capacity of 5450 cubic meters per day (DOE, 1984).

“FMF 1s under construction. Pumping requirements are not firmly established (DOE, 1984).
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Table A-18. Average Continuous Groundwater Pumping Rates by Area at Savannah River Plant, 1968 tq 1985 {m*/min}

1968~1974 :

Area Wells  (average) 1475 1976 1577 1578 1979 1580 1981 1982 1983 1984 1985%
A/M 4 5.0 4.3 4.2 4.4 4.0 4.1 4.4 5.1 5.03 6.81 6.06 4,97
F 6 6.2 3.9 4.5 4.6 4.5 5.0 5.2 5.3 5.87 6.06 §.33 7.30
H 5 5.9 5.8 6.5 6.3 6.7 6.8 6.9 7.4 7.19 7.19 8.33 8.25
Cs 3 0.26 0.36 .44 0.57 0.57 0.57 0.57 0.57. 0.57 0.57 0.66 0.76
D (b) 0.54 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 Q.00 0.00 0.00
U 3 0.47 0.38 0.28 0.28 0.28 0.28 0.28 0.28 0.34°  0.34% 0.19° 9.19%
C 2 0.00 0.00 0.00 0.¢0 0.00 0.00 0.00 0.28 1.13 1.13 1.13 1.02
K 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 1.13 1.13 0.95 1.02
L 2 G.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.28 0.94 0.95 0.94
P 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 1.13 1.32 1.32 1.32
CMX-THNX 3 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.61 1.13 1.04 0.494

Total 18.5 14.9 16.1 16.3 16.2 16.9 17.5 20.4 23.8 27.0 29.0 26.8

*Projected from January-June groundwater use data.
"Wells are no longer in use.
“Includes temporary construction area.
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Table A-19.

Groundwater Recharge and Discharge Zones at Savannah River Plant

Formation

Recharge

Oischarge

Confining
tayers

Barnwell land Upiand
Unit)

McBean

Caongaree

Eltenten

Cretaceous sediments

Hinter rainfall 31.2 cm/yr;
total recharge about 38 cm/yr.

From Barnwell (through tan c¢lay
in central SRP): offsite areas.

Principally in offsite areas;
appreciable recharge from
MeBean in A- and M-Areas.

From underlying Cretacegus
sediments and offsite areas;
some recharge from Coagaree.

Principally from offsite areas;
outcrop area 15-50 km wide in
South Carolina rear fall

line and in major stream
valleys.

Onsite streams. Recharge through
tan clay to McBean.

Upper Three Runs Creek and four
Hile Creek. Almost no recharge
through "green clay" to Congaree
in central SRP; appreciable re-
charge in A~ and R-Areas.

Savannah River and wetlands along
Upper three Runs Creek. Little
recharge downward through basal
clay and upper Ellenton clay to
Fltenton sands, or upward through
green clay.

Upper clay layer of Cretaceous
sediments may be discontinuous or
contain sandy zones that permit
communication.

Upper Cretaceous sediments aquifer
to lower unit of Ellenton.
Groundwater beneath SRP flows to
sink along Savannah River.

Tan clay at base; generally
absent in M-Area.

Tan clay at top; absent in A-
and M-Areas. Green clay at
hase; discontinuous in A- and
M-Areas.

Green clay at top; discontin-
yous in A- and M-Areas.
Pisolitic clay at base.
Ellenton.

Top of

Lower pisolitic clay of Con-
garee, Upper clay layer of
Ellenton. Upper clay layer of
Cretaceous sediments; usually
not effective confining layer.

Upper clay layer of Ellentan,
Upper clay Jayer of Cretaceous
sediments; usually not
effective ronfining layer.
Middle clay layer. Basal clay
layer.
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Table A-2., Site Intensities for Significant Earthquakes®
Earthquake
Reported or
Distance estimated Estimated site
Maximum from site site acceleration
Date” Location Latitude Longitude intensity (km) intensity (g)
Jan, 13, 1811 Burke Co., Ga. 33.2 62.2 i 55 ITY-1V 0.02
1811-1812 New Madrid, Mo. 36.3 89.5 XT-X11 850 V-VI 0.05
(3 shocks)

Nov. 2, 1875 Lincolnton, Ga. 33.8 82.5 VI 100 ITY-1V 0.02
Sept. 1, 1886 Charleston, S.C. 32.9 80.0 X 145 VI 0.07
Oct. 22, 1886 Charleston, S.C. 32.9 80.0 VII 155 ITI-IV 0.02
May 31, 1897 Giles Co., Va. 37.3 80.7 VIII 455 11l 0.01
June 12, 1912 Charleston, 5.C. 33.0 BD.2 VII 135 ITI-1IV 0.02
Jan. 1, 1913 Union Co., S.C. 34.7 81.7 VII-VIII 160 IV 0.02
Aug. 1, 1920 Charleston, S5.C. 33.1 80.2 VII 135 I11I-1V 0.02
Feb. 3, 1972 Bowman, S.C. 33.5 8B0.4 v 115 IRY 0.02
Aug. 2, 1974 Willington, 5.C. 33.9 82.5 VI 105 v 0.02
Nov., 22, 1974 Charleston, 5.C. 33.9 80.1 VI 145 1111V 0.02
®Source: DOE, 1982b.

°Based on Greenwich Mean Time.
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Table A-3.

Hydrostratigraphic Units Near Savannah River Plant

Gealogic unit

Genlogic age

Dutcrop

Description

Hater yield

Thickness (i}

Alluvium? Recent Epoch River and creek battoms Fine-ta-coarse sand, silt, and clay Very little 0 to 9
Terrace deposits® Pleistocene Epoch  In flopdplains and Tan to gray sand, clay, silt, and Moderate to nane 0 to 9
terraces of stream gravel an higher terraces

valleys
Upland Unit? Post Eocene Surface of Aiken Plateau Gravel and sandy clay Littie or none 0 to 10
Hawthorn Formation?® Post Focene Large part of ground Tan, red, and purple sandy clay Little or nane 0 to 10
surface with many “clastic dikes”
Barnwell Formatioen® Eacene Epoch Large part of groung Red, brown, yellow, and buit Limited but sufficient 0 to 27
surface near streams fine-to~coarse sand and sandy clay for domestic use
McBean and Congaree Eocene Epoch Tn banks of larger Yellow-brown-to-green, fine-to- Moderate to large 30 to 76
Formations? streams coarse glauconite-quartz sand,
intercalated with green, red,
yellow, and tan clay, sandy
marl, and lenses of silicecus
limestone
Fllenton Formation® Paleccene Epoch None on SRP Oark-gray-to-black sandy, lYignitic, Moderate to large; 1 to 30
micaceous clay containing higher sulfate and
disseminated crystalling gypsum iron than water from
and coarse quartz sand other formations
Jjuscaloosa® Cretaceaus MNone an SRP Tan, buff, red, and white cross- Large (well Eroduction 170 to 250
Period bedded, micaceous, guartzitic up to 7.6 m'/min};
and arkasic sand and gravel soft {low in total
imbedded with red, brown and solids)
purple clay and white kaalin
Newark Series Trrassic/Jurassic Nane on SRP Dark-brown and brick-red sandstone, Very little >914
"red beds"” Period siltstone, and claystone containing
gray calcareous patches; fanglom-
erates near baorder
Basement rocks of Precambrian and Nane on SRP Hornblende yneiss, chlorite-hornblende Very little Thausands
Slate Beit and Paleozoic Eras schist, and lesser amounts of
Charlotte Group® guartzite, covered by saprolite
layer derived from basement rock
“Coastal Plain sediments.
"Dunbarton Basin sediments,
“Lrystalline and wmetamorphic rock.
Naote: Formation Terminglogy after Siple, 1967.
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Table A-4, Hydraulic Conductivity {(cm/sec) of Ellenton Formation

Vertical conductivity Horizontal conductivity
Geologic
unit Range Average Range Average
Middle clay 2.2 x 1007 - 1.4x107° 1.1x107’ 1.6 x 107 - 7.3 x107° 8.61 x 107°

Lower sand 3.5 x 1077 - 3.9 x 107° 4.4 x 107° 1.1 x 10°%. - 2.6 x 10°* 9,39 x 10°°
Lower clay 1.8 x10°* - s0x10’ 1.9x 10"’ 2.3x10°° - 6.7x 1077 3.12 x 1077
Source: DOE, 1987.
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Table

A-5. Typical Hydrologic Properties in Separations Areas”

Hydraulic conductivity {m/day)

Hydrogeologic Horizontal Vertical Effective Transmissivity  Storage
unit {Kh) (Kv) porosity (m*/day) coefficient

Baruwell Formation

Upper 1.2 0.003 0.25 3 0.25

Lower 3 0.008 0.25 3 0.25

Tan clay - 0.0016 - - -
McBean Formation

Upper 3 - 0.25 50 Q.25

Calcareous zone 3 - 0.25 50 0.25

Green clay - 3.4x107° - - -
Congaree Formation

Upper 34 —_ 0.25 670 0.0002

Lower 17 - 0.25 670 0.0002
"Tuscaloosa'" Formation 40.8 - 0.20 2480 0.00045

%Spurces: Scott et al., 1987; Root, 19833 Du Pount, 1983.
units is after Siple, 1967 {(see Figure A-2).

Terminology

used for hydrogeologic
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Table A-6. Typical Hydrologic Properties in A- and M-Areas®

Hydraulic conductivity (m/day)

Hydrogeologic Horizontal Vertical Effective Transmissivity Storage
unit (Kh) (Kv) porosity (m*/day) coefficient
McBean Formation
Upper 3 - 0.25 6 0.25
Lower 3 - 0.25 55 0.25
Congaree Formation
Upper g — 0.14 215 O.14
Lower 10 — 0.14 145 0.14
Basal clay - 0.00018 - -— -—
Ellenton clay - Upper
Tuscaloosa clay - 0.0012 0.07 - —
"Tuscaloosa' Formation 12,2 - 0.20 1050 0.00043

2Sources: DOE, 19RB4, 1985; Du Pont, 1983.
Siple, 1967 (see Figure A-2).

Terminology used for

hydrogeologic units ig after



cE-¥

Table A-7. Typical Groundwater Velocities for Important Hydrogeologic Units on
Savannah River Plant®

Groundwater velocity (m/yr)

Hydrogeoclogic Test
unit area Vertical Horizontal
Unsaturated zone material — 0.9-2.1 —_—
4
Barnwell Formation — — 0.7-21.0
BG” 2.1 3.0
A/M — 0.34-3.4
McBean Formation F/H - 3.8 (sand)
F/H - 2.2 (calcareous zone)
F - 22~56 (sand)
H - 111 (sand)
McBean and Congaree Formations A/M - 6.1
Congaree Formation F/H — 13.4
F - 5.15
Ellenton Formation
Cretaceous Sediments Aquifer o - 54,9

“Sources: Haskell and Hawkins, 1964; Du Pont, 1983, 1985a; Hubbard and Emslie, 1984;
Siple, 1967. Hydrogeologic unit terminology largely after Siple, 1967 {(see Figure A-2).
“Radiocactive waste burial ground.
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Table A-8. Analysis of Groundwater from Coastal Plain Fermations at Savannah River Plant (mg/L}?

Source of water
Properties

Screen .

Date depth Temperature Conductivity
sampled Well (m} Formation (°C) pH®  (micromhos/cm}
12/16/66 HCIE 13.1-14.6 Barnwell® 21.7 5.8 48
10/25/77 HC2F 22.6-24.1 Barnwell 23.0 5.04 NM
08/01/74 HC3F 16.8-18.3 Barnwell NM 5.2 15
10/18/77 HC6B 25.9-27.4 Barnwel) 22.0 6.30 NM
07725774 HC3E 28.3-29.9 Barnwell NM 5.7 18
07/23/74 HC3D 36.9-38.4 McBean NM 4.8 11
04/28/66 HC2H 40.8-43.9 McBean® 23.2 7. 103
11/23/17 HCOA 42 ,4-43.9 McBean 21.2 6.93 NM
02/21/72 905-72G 33.5-44.8 McBean NM 7.0 NM
07/19/74 HC3A 70.1-71.6 Congaree NM 6.4 130
01719778 Fcea 70.4-71.6 Congaree 19.6 6.15 NM
027217172 905-31A 134.1-163.4 Cretaceous sediments NM 5.5 17
02729772 905-41D 102.1-149.4 Cretaceous sediments MM 6.6 NM
02/21/72 905-43H 201.2-259.1 Cretaceous sediments NM 4.3 54
02/21/72 905-67U 187.5-220.2 Cretaceous sedimants NM 5.15 19

Footnotes on last page of table.
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Table A-8. Analysis af Groundwater from Coastal Plain Formations at Savannah River Plant (mg/L}® {continued)

Chemical constituentsy

Date
Sampled Well La*? Mg*? K* Na* fe Si Al Mn HCO5 €1~ S03% NOZ PO;*  FT 08
12/16/66 HCI1E 3.3 0.3 1.6 TR® 0.52 6.8 TR 0.02 12 6.0 1.0 3.8 0.0 0.0 34
10/25/77 HC2F 0.42 0.05 0.10 3.96 <0.2 3.9 <1 <0.02 NM 3.7 0.25 5.8 0.32 0.01 20
08/01/74 HC3F 1.7 0.43 0.25 2.9 .1 2.9 NM NM 4.0 3.3 1.0 0.78 NM NM 15
10/18/77 HCHB 3.72 0.03 1.91 2.20 <0.2 4.6 4] <0.03 18.3 1.5 0.62 5.1 0.01 0.01 30
07/25/74 HC3E 5.4 0.25 0.54 2.5 «0.1 4.6 NM NM 6.3 3.0 1.8 <0.0001 NM NM 26
07/23/74 HC3D 0.8 0.37 0.22 1.7 <0.1 5.5 NM NM 2.1 3.0 1.0 <0.0001 WM NM 14
04/28/66 HC2H 11 0.4 3.0 iR 0.02 12 0.1 0.00 45 1,1 5.8 0.2 0.78 0.01 66
11/23/77 HCBA 13.8 0.02 0.64 2.57 <0.2 5.4 <1 <0.02 49,3 2.3 0.62 0.05 0.01 0.01 5
02/21/72 905-72G 7.0 9.2 0.90 12.5 0.012 .60 M 0.05 27.5 1.6 10.2 0.1 0.18 NM 56
07/19/74 HC3A 28 0.54 0.55 1.5 0.1 G.4 NM NM 712 2.8 2.2 0.001 NM NM 81
01/19/78 FC2A 11.1 0.07 0.94 1.45 0.2 10.7 1 <«0.03 42.7 3.92 10.5 ¢.05 0.12 0.01 61
02/21/72 905-31A 0.1 1.7 NM 1.75 0.01 0.56 HM <0.05 5.4 0.8 2.3 2.3 0.06 NM 10
02/29/72 905-410 1.4 3.5 4.3 1.0 <0.05 0.6 NM <0.05 9.9 0.5 15.0 15.0 0.3 NM 42
02721712 905-43H 0.82 1.52 1.15 1.82 0.14 0.9 NM 0.05 0.97 0.60 11.3 11.3 - WM 22
02/21/72 905-67U 0.22 1.5 0.43 1.6 0.05 0.44 NM 0.05 0.97 0.7 3.5 3.5 - NM 10

*Adapted from Du Pont, 1983. Formation terminology largely from Siple, 1967 (see Figure A-2).

®{pper zone.

“Calcareous zane.

“Key: Ca'?, calcium; Mg**, magnesium; K', potassium; Na', sodium; Fe, iran; Si, silicon; Al, aluminum; Mn, wmanganese; HCO3,
bicarbonate; €17, chloride; $0;%, sulfate; NO;, nitrate; P0O;?, phosphate; F~, fluoride; TDS, total dissolved solids;
NM, not measured; TR, trace.

“Measured at well head.
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Table A-9. Groundwater Monitoring Parameters

Minimum Comprehensive
Water-table elevation Coliform bacteria Zinc
Field pH Color Cyanide
Laboratory pH Corrosivity Fluoride
Conductivity Odor Hydrogen sulfide
Total dissolved solids Turbidity Nitrate
Field temperature Silver Sulfate
Laboratory temperature Arsenic Gross alpha
Chloride Barium Gross beta
Dissolved organic carbon Beryllium Radium
Total organiec carbon Cadmium Foaming agents
Total organic halogen Chromium Gas—chromatograph scan
Two site-gpecific metals Copper Phenol
: Iron Endrin

Mercury Lindane

Manganese Methoxychlor

Sodium Toxaphene

Nickel 2,4=-D

Lead 2,4,5-TP Silvex

Selenium
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APPENDIX B

EXISTING WASTE SITES

This appendix discusses the existing waste sites at the Savannah River Plant
(SRP) and describes each of the waste sites considered in this environmental
impact statement (EIS). Data and information in this appendix was derived
from the individual waste site Envirommental Information Documents (EIDs)
referenced at the end of the appendix.

The EIS uses the terms "hazardous," "low-level radiocactive," and '"mixed"
(i.e., hazardous and low-level radioactive) in their most common sense,
without specific regard to technical or regulatory definitions, unless
indicated. The U.S. Department of Energy (DOE) does not intend this EIS to be
a permit application for existing SRP facilities or a vehicle to resolve the
applicability of Resource Conservation and Recovery Act (RCRA) requirements to
existing SRP facilities or waste sites. Ongoing regulatory activities and the
expanded SRP groundwater monitoring and characterization program will provide
the basis for the application of requirements to existing facilities and waste
sites.

B.1 INTRODUCTION

B.1.1 OVERVIEW OF WASTE SITES

Plant operations generate waste materials that include hazardous wastes; low—
level radicactive wastes; mixed wastes* containing both hazardous and radio-
active materials; and other wastes, such as sanitary and solid wastes,
including rubble. On the SRP, 168 sites have received wastes. Ninety-one of
these sites are not considered in detail in this EIS. No decision is made on
waste management activities that may occur at these 91 waste sites. Of these,
74 active and inactive sites have not received hazardous, low-level radio-
active, or mixed wastes. Most of these sites are rubble pits and piles, coal
pile runoff containment basins, ash basins and piles, erosion control sites,
and experimental sewage/sludge application sites. Table B-1 describes these
74 sites. DOE's Groundwater Protection Plan for the Savannah River Plant
{(DOE, 1584a) discusses future actions to be taken at several of the 74 sites,
including groundwater monitoring and closure actioms.

In addition to these 74 sites, 17 waste sites have received or could have
received hazardous, low-level radicactive, or mixed wastes. These 17 sites
are not considered in detail in the sections (2.2 and 4.2) and appendixes (B
and F) of this EIS that describe existing waste sites. These sites consist of
four hazardous waste storage facilities that have been permitted by the South
Carolina Department of Health and Environmental Control (SCDHEC) and meet all
applicable Federal and State regulatory requirements; the L-Area seepage
basin, which receives periodic 1low-level radioactive discharges from the

*Unless otherwise stated, in this appendix "mixed waste' is a generic term
that refers to the waste's characteristics (i.e., having both a hazardous
and a low-level radioactive content) rather than its regulatory definition.

B-1

TC

TC

TE



Table B~l. Waste Sites Not Containing Hazardous, Low-Level
Radicactive, or Mixed Wastes

Description

Number of

Waste sites sites
Rubble and scrap pits 25
and piles (includes
former mwilitary
sites)
Ash basins and piles 15
Experimental sewage/ 9
sludge application
sites
Coal-pile runoff 7
containment basins
Erosion control 7
sites
Asbestos disposal 4
pits
Sanitary landfill 1

Contain nonhazardous and nonradioactive
materials such as concrete, brick, tile,
asphalt, hard plastics, glass, rubber pro-
ducts, scrap metal, burned woocd, and non-
returnable drums. Rubble pits no longer
receive waste material.

Contain ash sluice water or dry ash from
powerhouses. Sampling results indicate
waste concentrations are not hazardous.
Four ash basins and three ash piles no
longer receive ash.

Research programs on reclamation of borrow
pits and enhancement of forest produc-
tivity where sewage sludge 1is injected
below surface of borrow pits and either
disked or sprayed on experimental pine
plots. Industrial solid waste permit for
sites issued by SCDHEC,

Contain runoff from coal piles. Results
of sampling indicate a pH greater than
2.0; waste constituents, including heavy
metals, are less than the EP toxicity
maximum concentrations.

Contain nonhazardous and mnonradicactive
material that includes concrete, asphalt,
bricks, roofing material, stumps and
spoil. Four sites no longer receive
vaste material.

Contain asbestos, metazl pipe, plastic
bags, scrap, and piping insulation (not
regulated as a water contaminant but as
an inhalation hazard). Three sites are
no longer active. They are permitted by
SCDHEC under NESHAP.

Contains material such as paper, plastics,
rubber, wood, cardboard, and rags. Land-
fill operated wunder a domestic waste
permit issued by SCDHEC.



Table B-1. Waste Sites Not Containing Hazardous, Low-Level
Radioactive, or Mixed Wastes (continued)

Number of
Waste sites sites Description

Sanitary sludge 1 Contains nonhazardous and nonradicactive

disposal pit sanitary sewage sludge.

D-Area waste o0il 1 Receives, mixes, and stores waste oil for
burning with coal at the D-Area
powerhouse.

Oil-storage pad 1 Concrete pad with curbing used before

’ February 1979 to store drums of oil and
gsolvents. All material stored on the pad
has been removed.

Fire department hose 1 Facility where o0il was ignited in a shal-

training facility low pit surrounded by an asphalt dike.
Use of training facility has been
discontinued.

Gas-cylinder disposal 1 Contains empty gas cylinders, from which

facility all hazardous materials were released.
Area covered with asphalt.

TNX storage area 1 Contains drummed, nonhazardous waste
stored on pallets that rest on crushed
rock. )

L-Reactor disassembly basin, and which was discussed extensively in the Final
Environmental Impact Statement, L~Reactor Operation, Savannah River Plant
(DOE, 1984b); three reactor containment basins in P-, L~, and C-Areas; six
active reactor seepage basins and the K-Area containment basiny and two
linedretention basins in the F and H Separations Areas that would be used to
store and contain radicactive water temporarily in the event of an accident or
emergency.

The three 190-million-liter earthen containment basins in P-, L-, and C-Areas
would receive radicactive water only if a reactor accident, such as a loss of
coolant or a loss of circulation, were to occur and a 225,000-liter under-
ground tank and a 1.9-million-liter tank in each reactor area were unable to
contain the contaminated water. With completion of the F~ and H-Area effluent
treatment facility {see Section 1.2.1), the two lined 15-million-liter reten-
tion basins in F- and H-Areas would be used only as an emergency backup to two
9.4-million-liter basins whose purpose is to store potentially contaminated
water temporarily before treatment in the effluent treatment facility. The
six active reactor seepage basins and the K-Area containment basin receive
periodic low-~level radioactive discharges from the disassembly basins at C-,
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K-, and P-Reactors. These active sites are discussed in Sectioms 2.4 and 4.4
of this EIS, which assess various approaches to the management of disassembly-
basin purge water.

The remaining 77 active and inactive waste sites on the SRP contain or might
contain hazardous, low-level radiocactive, or mixed wastes. The identification
and numbers of sites are based on the facility numbering system used at the
SRP. For example, the F-Area seepage basins are intercomnmected and received
the same waste. These basins were analyzed as a single unit (for modeling,
risk assessment, and closure options). However, for consistency with the SRP
facility numbering system, they are counted as three '"waste sites'" in summary
tables and text. The actual number of waste systems assessed in this EIS is
47 in contrast to the 77 sites identified below.

These 77 sites include 37 that have received or might have received hazardous
wastes. These 37 sites, none of which currently receives waste, include 15
burning rubble pits; 7 chemicals, metals, and pesticides (CMP) pits; 6
acid/caustic basins; 2 waste-o0il seepage basinsy a basin that has received
miscellaneous chemicals; the metals burning pit; the Silverton Road waste
sitej the metallurgical laboratory basin; a hydrofluoric acid spill area; the
Savannah River Laboratory (SRL)} o0il test site; and the Gunsite 720 rubble pit.

The 77 waste sites also include 19 that have received or might have received
low-level radicactive waste. These include 1 active site, the radioactive
waste burial ground, which currently receives low-level radicactive waste.
There are also 18 inactive sites: 7 basins that have received periodic dis-
charges of disassembly-basin purge water, 7 Bingham pump outage pits, 2 sepa-—
rations area retention basins (unlined), the Ford Building waste site, and the
TNX burial ground. None of the 18 sites receives low-level radioactive waste.

In addition to sites that have received or might have received either hazard-
ous or low-level radioactive waste, 21 have received or might have received
mixed waste (a combination of hazardous and low-level radioactive waste).
These include six active separations area seepage basins. There are also 15
inactive sites: 4 SRL seepage basins, 2 separations area seepage basins, the
new TNX seepage basin, the M-Area settling basin, Lost Lake, the old TNX
seepage basin, the Road A chemical basin, the L-Area o0il and chemical basin,
the old radioactive waste burial ground, the Ford Building seepage basin, and
the mixed waste management facility.

B.1.2 GEOGRAPHIC GROUPINGS OF WASTE SITES

In general, the locations of the 77 waste sites that contain or might contain
hazardous, low-level radicactive, or mixed wastes are near the facilities from
which they receive or received waste., This results in several clusters, or
groupings, of waste sites.

Because actions at a waste site, including groundwater withdrawal, might
affect the groundwater transport of waste in other sites, SRP calculated a
conservative boundary of influence for each waste site based on the planned
actions, extent of data availability, and type of waste (Du Pont, 1984). The
intersections and overlappings of the individual site boundaries led to the
identification of 10 geographic groupings of waste sites and two miscellaneous
areas, each containing a single waste site, where a crossover of actions taken
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for waste sites in one grouping with actions taken in another grouping would
not he expected. Figure B-1 shows these geographic groupings and miscella-
necus areas,

Table B-2 lists the 77 waste sites in the geographic groupings and the miscel-
laneous areas that contain or might contain hazardous, low-level radioactive,
and mixed wastes. This table also lists the type of waste that is contained
or that might be contained at each site and whether the site currently
receives waste material,

BE.2 A- AND M-AREA WASTE SITES

The locationm of this geographie grouping of waste sites is along the northwest
edge of the SRP where Road 1 leads to the Administration Area (700-A). Figure
B-Z shows the boundaries of this geographic grouping and the locations of the
waste sites within it. The boundaries are defined primarily by the areas of
influence assigned to the SRL seepage basins, the M-Area settling basin, and
Lost Lake. A-Area, the Fuel and Target Fabrication (300-M) Area, and most of
Rcad D are within these boundaries. Surface drainage is primarily to Tims
Branch, a tributary of Upper Three Runs Creek.

B.2.1 POTENTIALLY HAZARDOUS WASTE SITES*

B.2,1.1 716-A Motor Shop Seepage Basin (304-101G)

The 716-A motor shop seepage basin is adjacent to Building 716-A in A-Area,
The basin is about 63 meters long, 1l meters wide, and 2 meters deep. The
sloping berm of adjacent railroad tracks constitutes one side of the basin
while the other three are an earthen dike about 2 meters high.

History of Waste Disposal

In 1977, the 716-A motor shop seepage basin began receiving liquid effluent
from the 716-A motor shop oil-water separator by means of an underground drain
line. Waste types in water included trace amounts of engine oil, kerosene,
ethylene glycol, and soapy water, 1In the basin, the liquid wastes were per-
mitted to seep naturally into the soil. In August 1983, all discharges to the
basin ceased.

Evidence of Contamination

Initial sampling of the liquid remaining in the 716-A motor shop seepage basin
indicated the presence of low quantities of motor o0il, grease, ethylene gly-
gol, and kerosene. The results of extraction procedure (EP) toxicity analyses
found all metals were below RCRA guidelines (Huber, Johnson, and Bledsoe,
1987).

SRP installed two groundwater monitoring wells near the basin in May 1983.
Well sampling began in February 1984. Results of groundwater—quality analyses
indicate elevated levels of total organic halogens, which are attributed to
M—-Area sources.

*See discussion of site type on page B-1.
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Table B-2.

Waste Sites by Geographic Grouping

Currently
receiving Potential
Areas/waste sites Building waste category®
A- and M-Areas
1-1° 716—-A motor shop 904-101G No Hazardous
seepage basin
1-2 Metals burning pit 731-4A No Hazardous
1-3 Silverton Road waste 731-3A No Hazardous
site
1-4 Metallurgical 904-110G No Hazardous
laboratory basin
1-5 Miscellaneous 731-54A No Hazardous
chemical basin
1-6 A-Area burning/rubble 731-A No Hazardous
pit
1-7 A-Area burning/rubble 731-1A No Hazardous
pit
1-8 SRL seepage basin 904-53G No Mixed
1-9 SRL seepage basin 904-536 No Mixed
1-10  SRL seepage basin 904-54G No Mixed
1-11  SRL seepage basin 904-55G No Mixed
1-12 M-Area settling 904-51G No Mixed
basin
1-13  Lost Lake 904-112G No Mixed
F- and H-Areas
2-1 F-Area acid/caustic 904-T4G No Hazardous
basin
2-2 H-Area acid/caustic 904-75€C No Hazardous
basin
2-3 F-Area burning/rubble 231-F No Hazardous
pit
2-4 F-Area burning/rubble 231-1F No Hazardous
pit
2-5 H-Area retention 281-3H No Low-level radioactive
basin
2-6 F-Area retention 281-3F No Low-level radioactive
basin
2-7 Radioactive waste 643-7G Yes Low-level radioactive
burial ground
2-8 Mixed-waste management 643-28G No Mixed

facility

Footnotes on last page of table.



Table B-2. Waste Sites by Geographic Grouping (continued)
Currently
receiving Potential
Areas/waste sites Building waste category®
F- and H-Areas (continued)
2-9 Radiocactive waste 643-G No Mixed
burial ground
(inactive)
2-10 F-Area seepage basin 904-41G Yes Mixed
2-11 F-Area seepage basin 904-42G Yes Mixed
2-12 F-Area seepage basin 904-43G Yes Mixed
2-13 F-Area seepage basin 904-49G No Mixed
' (old)
2-14 H-Area seepage basin 904 -4L4G Yes Mixed
2-15 H-Area seepage bhasin 904-45G Yes Mixed
2-16 H-Area seepage basin 904-46G No Mixed
2-17 H-Area seepage basin 904-56G Yes Mixed
R-Area
3-1 R-Area burning/rubble  131-R No Hazardous
pit
3=-2 R-Area burning/rubble 131-1R No Hazardous
pit
3-3 R-Area acid/caustic 904-77G No Hazardous
basin
3-4 R-Area Bingham Pump 643-8G No Low-level radicactive
outage pit
3-5 R-Area Bingham Pump 643-9G No Low-level radicactive
outage pit
3-6 R—Area Bingham Pump 643-10G No Low-level radicactive
outage pit
3-7 R-Area seepage basin 904-57G No Lovw-level radiocactive
3-8 R—-Area seepage basin 904-58G No Low-level radicactive
3-9 R-Area seepage basin 304596 No low-level radioactive
3-10 R-Area seepage basin 904-60G No Low-level radioactive
3-11 R-Area seepage basin 904-103G No Low-level radioactive
3-12 R-Area seepage basin 904-104G No Low-level radicactive
C- and CS-Areas
4-1 CS burning/rubble pit 631-1G No Hazardous
4-2 CS burning/rubble pit 631-5G No Hazardous
4-3 CS burning/rubble pit 631-6C No Hazardous
L-4 C-Area burning/rubble 131-C No Hazardous

—
Footnotes on last page of table.

pit
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Table B-2. Waste Sites by Geographic Grouping (continued)

Currently
receiving Potential
Areas/waste sites Building waste category®
C- and CS-Areas {(continued)
L-5 Hydrofluoric acid 631-4G No Hazardous
spill area
L-6 Ford Building waste 643-11G No Low-level radiocactive
site
4-7 Ford Building seepage  904-91G No Mixed
basin
TNX-Area
5-1 D-Area burning/rubble  431-D No Hazardous
pit
5-2 D-Area burning/rubble  431-1D No Hazardous
pit
5-3 TNX burying ground 643-5G No Low-level radioactive
5-4 TNX seepage basin 304-T76GC No Mixed
(old)
5-5 TNX seepage basin 904-102G Yes Mixed
(new)
D-Area
6-1 D-Area waste oil 631-G No Hazardous
basin
Road A Area
7-1 Road A chemical basin  904-111¢G No Mixed
K~-Area
8-1 K-Area burning/rubble 131-K No Hazardous
pit
8-2 K~Area acid/caustic 904-80G No Hazardous
basin
8-3 K~Area Bingham Pump 643-1G No Low-level radicactive
outage pit
8-4 K-Area seepage basin 904-65G No Low-level radioactive
L-Area
9-1 L-Area burning/rubble 131-L No Hazardous
pit
9-2 L-Area acid/caustic 904-79G No Hazardous

basin

Footnotes on last page of table.
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Table B-2. Waste Sites by Geographic Grouping (continued)

Currently
receiving Potential
Areas/waste sites Building waste category”
L-Area (continued)
9-3 CMP pit 080-17G No Hazardous
9-4 CMP pit 080-17.1G No Hazardous
9-5 CMP pit 080-18G No Hazardous
9-6 CMP pit 080-18.1¢ No Hazardous
9-7 CMP pit 080-18.2G No Hazardous
9-8 CMP pit ORO-18.3G No Hazardous
9-9 CMP pit 080-196G No Hazardous
9-10 L-Area Bingham Pump 643-2G No Low-level radicactive
outage pit
9-11 L-Area Bingham Pump 643-3G No Low-level radioactive
outage pit
9-12 L-Area o0il and 904-83G No Mixed
chemical basin
P-Area
10-1 P-Area burning/rubble 131-P No Hazardous
pit
10-2  P-Area acid/caustic 904786 No Hazardous
basin
10-3 P-Area Bingham Pump 643-4G No Low-level radioactive
outage pit
Miscellaneous Areas
11-1 SRL oil test site 080-16G No Hazardous
11-2 Gunsite 720 rubble N§0,000; No Hazardous
pit E27,350°
®This EIS uses the terms "hazardous," 'low-level radiocactive," and "mixed"

(i.e., hazardous and low-level radioactive) in their most common sense,
without specific regard to technical or regulatory definitions, unless
indicated.
"The numbering system arbitrarily identifies the geographic group and each
site with that group. For example, Site 1-1 represents the first site in geo-
graphic group 1.
“No building number; located by SRP map coordinate system.

The sediment beneath the basin will be sampled and characterized at a future
date prior to finalizing any closure plans.

Waste Characterization

Limited data are available on the extent of contamination and the characteris-
tics of the wastes involved at the 716-A motor shop seepage basin. Most of
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the available raw data have been gathered via groundwater monitoring (Huber,
Johnson, and Bledsoe, 1987).

B.2.1.2 Metals Burning Pit (731-44)

The metals burning pit is in A-Area to the northwest of Road (-1 and between
M-Area and Road C. The site is approximately 2130 meters south of the M-Area
settling basin and 3350 meters from the closest SRP boundary. It has dimen-
sions of approximately 120 meters by 120 meters.

History of Waste Disposal

The history of the metals burning pit is uncertain. The site was originally a
disposal pit for lithium—aluminum and other waste metals generated from M-Area
operations, which began in 1952. According to 1974 photographs, the waste
metals were burned periodically within an area of approximately 3900 square
meters. Photographs of the metals burning pit taken in late 1973 and early
1974 show piles of metal shavings, pieces of aluminum metal, plastic pipe,
approximately 30 metal drums, and other miscellaneous metal scraps. These
wastes were in two discrete areas: a large, long pile approximately 2 to 3
meters high, 10 meters wide, and 30 meters long, and a series of small piles
oriented in a semicircular arc. Some of the piles appeared to contain ash
from metal burning operations. The area was graded and backfilled with 1 to 2
meters of cover in the spring of 1974.

Evidence of Contamination

No characterization studies of the soils under or around the metals burning
pit have been performed to date. However, soil sampling is planned. Four
groundwater monitoring wells have been installed at the site (Pickett, Muska,
and Marine, 1987).

Waste Characterization

limited data are available to verify the existence or define the extent of
contamination at the metals burning pit or to characterize the wastes that
might be present. Most of the available raw data pertain to the groundwater,
The migration potential of the waste deposited in the metals burning pit can-
not be determined readily from the available data.

B.2.1.3 Silverton Road Waste Site (731-3A)

The Silverton Road waste site is just south of M-Area and north of Route 125.
The nearest SRP boundary is about 1.6 kilometers northwest of the site. The
site covers a total area of approximately 13,150 square meters, with dimen-
sions of about 62 meters by 212 meters.

History of Waste Disposal

The site startup date is unknownj; no records of waste disposal activities have
been kept. Visual inspection and photographic documentation indicate that
metal shavings, construction debris, tires, drums, tanks, and asbestos were
major components of the waste. The site was closed in 1974 and is now covered
with soil and vegetation.
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Evidence of Contamination

Groundwater at the Silverton Road waste site has been monitored since 1981.
Nine single groundwater monitoring wells and seven 3-well clusters are located
near the site. To date, the contaminants identified in the groundwater are
trichloroethylene, tetrachloroethylene, trichloromethane, and 1,l,l-trichloro-
ethane. Most of the constituents found in the groundwater near the site were
below Federal drinking-water standards. Infrequently, concentrations of
barium, cadmium, chromium, and lead were found to exceed the standards.
However, because such concentrations were observed infrequently, the data were
considered to be nonrepresentative and possibly erroneous (Scott, Killian,
Kolb, Corbo, and Bledsoe, 1987).

Waste Characterization

Limited data are available on the extent of contamination and characteristics
of the wastes at the Silverton Road site. Most of the available raw data per-
tain to the groundwater (Scott, Killian, Kolb, Corbo, and Bledsoe, 1987).

Historic data from monitoring wells indicate the presence in the groundwater
of chlorinated aliphatic hydrocarbons (trichloroethylene, 1,l,l-trichloro-
ethane, trichloromethane, and tetrachloroethylene), which have a potential for
transport by advection as solutes.

B.2.1.4 Metallurgical Laboratory Basin (904-110G)

The metallurgical laboratory basin is in A-Area adjacent to Building 745-A.
The basin is approximately 31 meters long, 12 meters wide, and 1.5 meters deep.

History of Waste Disposal

The metallurgical laboratory basin received wastewater effluent from Building
723-A from 1956 to 1985. Discharges to the basin consisted of small quanti-
ties of laboratory wastes from metallographic sample preparation (degreasing,
cleaning, etching) and corrosion testing of stainless steels and nickel-based
alloys. The wastewater flowed to the basin via an underground process sewer
pipeline. The discharge rate to the basin was 3.8 cubic meters per day. His-
torically, the typical wastes released to the basin were water and nitric
acid. From 1983 on, hazardous substances and materials were bottled and
stored. Before 1983, hazardous materials were sent to the basin only in trace
amounts. Table B-3 lists the estimated composition of releases to the basin
during its operational history (Michael, Johnson, and Bledsoe, 1987).

Evidence of Contamination

A characterization study of the sediments in and around the metallurgical lab-
oratory basin has been completed, as has an analysis of the basin water and
groundwater. Soil analyses indicate that all tested parameters are below EP
toxicity guidelines. Analysis of water samples collected from the basin indi-
cate that drinking standards are met for all parameters except pH and iron.



Table B-3. Estimated Composition of Wastes Released to Building 723-A
: Metallurgical Laboratory Basin (1956-1985)"

Total release

Chemical over 30 years Present release
Acetone 20 liters Not released after 3/83
1,1,1-trichloroethane 150 liters Not released after 3/83

(past 3-5 years)
Trichloroethylene 6 liters Not released after 1978

Carbon tetrachloride 500 liters Not released after 1978
(tetrachloromethane)

Hydrofluoric acid"” 2 liters Not released after 3/83
Nitraad® (as purchased, is 140 liters Not released after 3/83
composed of HF, acetic acid,

and fluoride salts)

Potassium cyanide or 1 liter Not released after 1976
sodium cyanide

Cyanide (plating sclution)® 4 liters Not released after 1976
Hydrochloric acid 190 liters 45 liters/year
Nitrie acid (65%) 39,800 liters 1,300 liters/year
Molybdic aqid 10 grams 1 gram (rarely used)
Oxalic acid 23 liters 10 liters/year
Phosphoric acid 53 liters 1.6 liters/year
Picric acid 100 grams 0.4 liter/year
Sulfuric acid 15 liters 4 liters/year

Sodium hydroxide 3 liters 2 liters/year
Potassium hydroxide 30 liters 8 liters/year
Trisodium phosphate 60 liters 8 liters/year

Footnotes on last page of table.



TE

TC

Table B-3. Estimated Composition of Wastes Released to Building 723-A
Metallurgical Laboratory Basin (1956-1985)° (continued)

Total release

Chemical over 30 years Present release
Sodium sulfite 270,000 grams 11,000 grams/year
Sodium carbonate/bicarbonate 45 liters 8 liters/year

Ammonium persulfate 1 liter 0.5 liter/year

Ethyl alcohol 1,300 liters 420 liters/year
Kerosene 114 liters Not released after 2/85
Methyl methacrylate 150 liters 6 liters/year

(Koldweld resin)
Ferric chloride 1,900 liters 0.4 liter/year

Water (cooling water from 3,800 liters/day 3,800 liters/day
corrosion test, rinse
water from photo process,
lab rinsewater)

#Source: Michael, Johnson, and Bledsoe, 1987.
"Currently bottled and stored.
“Solution reused until all metal is depleted.

Waste Characterization

Data are available for the chemical analyses performed on the basin water,
groundwater, and sediments from the metallurgical laboratory basin. Lead and
volatile organic compounds were assessed at this site.

The potential for the migration of contaminants deposited in the metallurgical
laboratory basin cannot be determined readily from the available data.

B.2.1.5 Miscellaneous Chemical Basin (731-5A)

The miscellaneous chemical basin site is located to the northeast of Road C-1
and between the A/M-Area and Rcad C. The site is approximately 2 kilometers
south of the M-Area settling basin and 3 kilometers from the closest SRP
boundary. The chemical basin is approximately 6 meters wide, 6 meters long,
and 0.3 meter deep.

History of Waste Disposal

The origin and history of this site are not certain. This small, shallow
basin was located in an old "borrow pit.' The basin received liquid chemical
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wastes, presumably waste solvents and used oil. A 1974 photograph of the site
shows a small, discolored (possibly from the disposal of waste o0il) sandy area
inside a shallow berm. Partially full drums might have been emptied at this
site and the empty drums discarded in the metals burning pit. The basin was
posted with a sign that read '"Chemical Waste Disposal — Keep Out." The site
has been regraded, although the exact date is not recorded (probably 1974).

Evidence of Contamination

There are no groundwater wells currently in place. An analysis of surface
soils at the miscellaneous chemical basin in January 1986 detected several
chlorinated hydrocarbons (Pickett, Muska, and Marine, 1987).

Waste Characterization

A program of so0il gas sampling undertaken in January 1986 indicated the pres-—
ence of volatile organic compounds (VOCs), some of which might have originated
in M-Area and been disposed of at this site. Modeling assessed
trichloroethylene at this site.

B.2.1.6 A-Area Burning/Rubble Pits (731-A and 731-1A)

The A-Area burning/rubble pits are at the northwest corner of the Plant, south
of M-Area and west of Road D. The pits (731-A) are approximately 100 meters
long, 55 meters wide, and 3 meters deep. Pit 731-1A measures 174 meters long,
10 meters wide, and 3 meters deep.

History of Waste Disposal

The A-Area burning/rubble pits are two of the many burning pits utilized on
the Savannah River Plant. They consisted of shallow excavations, usually 3 to
4 meters deep, where burnable waste was disposed of on a continuous basis
beginning in 1951. Waste types reportedly included paper, plastics, wood,
rubber, rags, cardboard, oil, degreasers, and drummed solvents. The waste was
burned periodically, usually monthly. Disposal of chemically contaminated
oils was not permitted.

The burning of waste in the pits was discontinued in October 1973. At that
time, a layer of so0il was placed over the remaining waste and the pits were
opened to receive rubble. Rubble disposed of at this site reportedly includes
paper, lumber, cans, and empty galvanized-steel barrels and drums. As each
pit reached its capacity, it was closed and covered with soil to grade level.

Evidence of Contamination

No sampling and analysis of the so0il underlying these pits have been per-
formed. However, groundwater monitoring wells were installed at all of the
burning/rubble pits in 1983 and 1984, No groundwater contamination has been
observed to date (Huber, Johnson, and Marine, 1987).

Waste Characterization

Limited data are available for these sites. Most of the available raw data
have been gathered via groundwater monitoring. No groundwater contamination
has been cobserved to date (Huber, Johnson, and Marine, 1987).
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B.2.2 MIXED WASTE SITES*

B.2.2.1 SRL Seepage Basin 1 (904-53G)

Seepage basin 1 is one of a group of four basins south of Road A-1 and west of
Road D-1 in the northwestern section of the SRP, about 1 kilometer from the
nearest boundary. The four basins are connected sequentially in cascade via
overflow channels. The final basin has no overflow; consequently, fluid
losses from the SRL waste sites are from seepage through the bottom of the
basins or from evaporation {Fowler et al., 1987).

History of Waste Disposal

Basins 1 (904-53G), 2 (904-53G), and 3 (904-54G) were excavated from natural
soils and surrounded by perimeter dikes. By contrast, the construction of
basin &4 (904-55G) required substantial filling at the north end (adjacent to
Tims Branch) to achieve both the basin bottom and the dike crest elevations.

The capacity of basin 1 is 1520 cubiec meters; basin 2, 3200 cubic meters;
basin 3, 5440 cubic meters; and basin &4, 14,700 cubic meters. Basins 1 and 2
were placed in operation in 1954, and basins 3 and 4 were added in 1958 and
1960, respectively. The basins were 1in operation until October 1982. The
depth of water remaining varies from dry {(basin 4) to 1.2 meters (basin 2).

Evidence of Contamination

Most of the radionuclides and inorganics are strongly sorbed to basin sedi-
ments., Their concentrations are elevated in the first 30 centimeters and
decline to "background” levels at about 62 centimeters. The constituents
in¢lude americium-241, cesium-137, cobalt-60, curium-243 and 244, plutonium-
239 and 240, radium-228, strontium-90, uranium-235 and 238, cerium-l44,
ruthenium-106, arsenic, barium, cadmium, chromium, copper, lead, magnesium,
manganese, nickel, silver, zine¢, mercury, cyanide, fluoride, and sulfate.
Analysis of core samples for volatile, base/neutral, and acidic organic com-
pounds indicates very little contamination. Most elements were detected at
levels below 1 microgram per gram of soil (Fowler et al., 1987).

Twelve monitoring wells have been installed around the basins. Six water-—
table monitoring wells were drilled in 1981 immediately adjacent to the
basins. Three water-table wells and three deep wells were installed as part
of a basin characterization program in 1983.

Data from the nine groundwater monitoring wells indicate the following:

® TInorganic contaminants are generally below maximum contaminant levels
(MCLs).

¢ Trichloroethylene and tetrachloroethylene are significant organic con-
taminants. The pattern of contaminated wells indicates that these con-
stituents are from sources other than the basins.

*See page B-1 for a discussion of waste site categories.
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Waste Characterization

During the A-Area basins' 28-year loading history, 128,820 cubic meters of
water were discharged to them. Alpha and beta-gamma activity in the total
discharge did not exceed l00 and 50 disintegrations per minute per milliliter,
respectively. The average of alpha and beta-gamma activity was 50 disintegra-
tions per minute per milliliter. Fissile content of the waste transferred to
the basins in 1982 averaged 0.4 millicurie per month. The levels of uranium
and plutonium in the analyses were as follows: uranium-238, 90 percent;
plutonium-238, 5 percent; and plutonium-23%, 5 percent.

Table B-4 compares the MCL observed in the SRL seepage basins with the 0U.S.
Nuclear Regulatory Commission (NRC) Class A limits. The sediments are well
below the limits for land disposal.

Table B—4. Measured Soil Contamination
Versus NRC 10 CFR 61 Land-
Disposal Limits for SRL
Seepage Basins (pCi/g)

Maximum NRC

basin-soil Class A

Nuclide measurement limit
Tritium 7 x 10° 3 x 10’
Cobalt-60 9 x 10! 5 x 10°
Strontium-90 2 x 10° 3x 10°
Cesium-137 2 x 10° 3 x 10°
Plutenium—-239 2 x 10° 1 x 10°
Americium-241 3 x 10! 1 x 10°
Curium-243 4 x 10° 1 x 10°

The RCRA EP toxicity test establishes the guidelines for classifying a waste
as hazardous or nonhazardous. Test results indicate that concentrations in
the SRL seepage-basin sediments of constituents classified as hazardous by the
U.S. Environmental Protection Agency (EPA) are generally low (less than 1
microgram per gram); in most cases these compounds are undetectable or are
present at '"laboratory-blank" 1levels that follow no clear source/transport
pattern. The test also indicates that the sediments in the basins do not con-
tain toxic levels of metals. No samples exceed the EPA maximum concentra-
tions, and only mercury in basin 1 exceeds 10 percent of the EPA maximum con-
centration (40 CFR 261.24)., The sediments in the SRL seepage basins contain
very low levels of hazardous constituents. Therefore, no contamination is
present in the sediments other than low-level radiocactivity. Organic constit-
uents in the groundwater do not exceed primary drinking-water standards (40
CFR 141).
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B.2.2.2 SRL Seepage Basins 2 (904-53G), 3 (904-54G), and & (904-55G)

The general history of all SRL seepage basins is discussed in Section B.2.2.1.

History of Waste Disposal

Basins 2, 3, and 4 are part of the four-basin system discussed in Section
B.2.2.1.

Evidence of Contamination

In August 1972, basin 4 temporarily went dry. Four 30-centimeter-deep core
samples were obtained and divided into segments for gamma spectroscopy (Stone
and Christensen, 1983). The levels of strontium—-8% and 90 in the cores were
determined. The top sediment sample contained from 80 to 90 percent of each

of the radionuclides except strontium. The other radionuclides showed
decreases in activity with increasing depth. The calculated inventories were
as follows: cesium-137, about 0.46 curie; ruthenium-106, 0.41 curie;

cerium—-141 and 144, 0.05 curie; cobalt-60, 0.04 curie; and strontium-89 and
-90, 0.01 curie.

Basin 4 refilled during 1973, went dry again in 1974, and has remained dry
since 1974, Four sediment samples were collected and analyzed in 1974,
Table B-5 lists the results of analyses of these cores. The highest measured
activity was near the surface, and the values decreased with depth.

Waste Characterization

Waste characteristics for all four basins are discussed in Section B.2.2.1
(Fowler et al., 1987).

B.2.2.3 M-Area Settling Basin (904-51G)

Figure B-2 shows the location of the M-Area settling basin. Water flows from
the M-Area manufacturing facility entered the settling basin via a
process—sewer line. A ditch conveyed overflows from the settling basin
through a natural seepage area; the discharges eventually entered Lost Lake.
Lost Lake has no outlet (Pickett, Colven, and Bledsoe, 1987). The following
sections discuss the history of waste disposal, evidence of contamination, and
waste characteristics at the settling basin (Pickett, Colven, and Bledsoe,
1987; Hollod et al., 1982).

History of Waste Disposal

When production started in M-Area in 1954, process waters were released to
Tims Branch, a tributary of Upper Three Runs Creek. In an effort to restrict
the offsite transport of enriched uranium, the settling basin was constructed
in 1958 to settle out and contain the uranium (Christensen and Gordon, 1983).
Process sewers continued to direct some M-Area waste flows to Tims Branch. In
the fall of 1978, eleven 208-liter drums containing tetrachlorcethylene were
dumped into the settling basin, but the exact location of the dumping is not
known. In addition, from the fall of 1978 to the spring of 1979, drums of
tetrachlorethylene were dumped into the sewer line leading to the settling
basin to dispose of remaining solvent after the transition to a new cleaning
solvent (l,1,1-trichloroethane).
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Table B-5. Radiocactivity of Sediment in SRL Seepage
Basin 4 (nCi/g)

Sample site?

Sediment depth

Radicnuclide (cm) 1 2 3 4
Cesium—-137 0-6.4 0.714 0.044 1.100 0.215
6.4-12.7 0.042 0.002 0.207 0.034
12.7-19.1 0.007 0.001 0.036 0.002

19.1-24.1 0.003 0.001 0.004 -

24.1-30.5 0.002 - 0.001 -
Cesium-134 0-6.4 0.037 0.003 0.092 0.01l6
6.4~12.7 0.003 0.001 0.009 0.001
12,7-19.1 0.001 0.001 0.001 0.001
19.1-24.1 0.001 0.001 0.001 0.001
24,1-30.5 0.001 0.001 0.001 0.001
Ruthenium-106 0-6.4 Trace Trace Trace Trace
Cobal t-60 0-6.4 0.050 0.007 0.078 0.020
6.4-12.7 0.002 0.001 0.008 0.001
12.7-19.1 0.001 0.001 0.004 0.001

19.1-24.1 0.001 0.001 0.001 -

24,1-30.5 0.001 - 0.001 -
Alpha 0-6.4 0.150 0.140 0.230 0.020
6.4-12.7 0.020 0.002 0.019 0.006
12.7-19.1 0.009 0.002 0.007 0.002

19.1-24.1 0.003 0.002 0.006 -

24,1-30.5 0.002 0.002 0.001 -

?Samples taken in 1974 at four locations in basin 4, with the
northwest corner designated as 1 and the others numbered counter-
clockwise from inlet,

In May 1982, all discharges to Tims Branch were diverted to the settling
basin. Most noncontact process effluents, such as cooling water and surface
drainage, were diverted back to Tims Branch in November 1982. 1In late 1983,
significant flow-rate reductions were implemented in the 300-M Area pro-
cesses. All discharges to the settling basin stopped on July 16, 1985. The
current water level in the settling basin fluctuates with rainfall events but,
in general, has receded approximately 0.5 meter from the normal operating
level.

Evidence of Contamination

A 1982 study of soils beneath the settling basin indicates that the top of the
soil column has higher than background concentrations of such metals as zinc,
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lead, mercury, copper, and uranium {Hollod et al., 1982). Nickel concentra-
tions decline to background level at about (.3 meter. The average concentra-
tions of metals observed in a 1985 study (Pickett, 1985) are similar, in most
cases, to the results reported in the 1982 study. Uranium was detected at
four locations sampled in 1985. The 1985 study also included soils next to
the settling basin, which yielded no evidence of metals contamination.

The 1982 study found the concentration of each of three chlorinated hydrocar-
bons (trichloroethylene, tetrachloroethylene, and 1,l,l-trichloroethane) in
the underlying basin soil to be quite variable, both wvertically and horizon-
tally. Unlike the data on metal contaminants, the analyses for hydrocarbons
in 1985 differ from those of 1982 {Pickett, 1985).

These results indicate that the more mobile hydrocarbons in the soil beneath
the settling basin have migrated toward the water table, while the less mobile
metals have remained fairly stationary. These results indicate that the basin

and its sediments are no longer a source of organic contaminatiom. '

Analyses of samples indicate that the settling basin and process-sewer line
are the major sources of organic or inorganic contamination of groundwater in
M-Area. The data also indicate that the seepage and Lost Lake areas are also
sources of organic or inorganic contamination, but to a lesser degree. Judg-
ing from their elevated levels in settling basin influents and the consistency
of their background and downgradient concentrations, the following are proba-
ble contaminants: nitrate, sodium, total dissolved solids, and organics.

Degreaser solvents have entered the groundwater in the Tertiary sediments in
M-Area from several known surface sources. The settling basin was one of
three primary surface sources. The maximum concentration of such solvents
occurs at the water table under the settling basin. At a greater depth (about
23 meters below the water table), the maximum concentration is only 61 parts
per million but the plume occupies a larger area than it does at the water
table. Near the base of the Tertiary sediments (37 meters below the water
table), both the maximum concentration and the area of the plume are much
smaller, being restricted to the general area beneath the surface sources.
Plumes of elevated concentrations of total dissclved solids and nitrate also
occur in the vicinity of the settling basin and the M-Area process area.

Waste Characterization

The waste effluents discharged to the basin during M-Area operation generally
can be characterized as electroplating rinse water from aluminum forming and
metal finishing processes. The waste effluents contained hydroxide precipi-
tates of aluminum, uranium, nickel, and lead, as well as nitrates and organic
solvents. Depending on the operating schedule, they might also have contained
acids (nitric, phosphoric, sulfuric) or caustics {sodium hydroxide).

Estimates of total uranium discharge to the settling basin were not available
until after 1975, when flow instruments were installed. From 1974 through
1983, a total of 975 millicuries {approximately 2940 kilograms) of uranium-235
and uranium-238 were released to the basin. A total of approximately
1.6 x 10° kilograms of wvolatile organic solvents was discharged to M-Area
process sewers, with about 0.9 x 10° kilograms of the total being released
to the settling basin. The remainder was discharged to Tims Branch.
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The results of 1985 analyses confirm that dissolved-metal and nutrient concen—
trations are usually higher in the lower 3 meters of liquid in the basin. A
sludge layer also exists at the bottom of the basin. The thickness of the
sludge ranges from 0.15 to 0.9 meter. The sludge is composed primarily of
metal hydroxide and phosphate precipitates, as well as biogenic organic sedi-
ments. It also contains the major inventories of iron (1280 kilograms),
nickel (3585 kilograms), chromium (240 kilograms), and uranium (3900 kilo-
grams) in the basin.

A number of organic compounds are also present in significant amounts in the
sludge, but they were not detected at any other sampling location. The total
inventory of chlorinated hydrocarbons in the sludge is approximately 1 kilo-
gramj the inventory is approximately 20 kilograms in the basin ligquid.

A closure plan for the M-Area seepage basin was submitted in September 1984.
Revisions to the plan were submitted in March and July 1985, and public hear-
ings were held in July 1986. A revised Part B plan was submitted in April
1987. A postclosure care permit application for this basin was submitted with
the SRP Part B permit application. Interim status is in effect until final
administrative disposition of the Part B permit application.

B.2.2.4 Lost Lake (904-112G)

Lost Lake, which is located in M-Area (Figure B-2), is a natural Carolina bay
of about 10 to 25 acres, depending on water level. Wastewater overflowed from
the M-Area settling basin and entered Lost Lake from the north via an overflow
ditch and natural seepage area. The ditch is presently dry. The following
sections discuss the history of waste disposal, evidence of contamination, and
waste characteristics at Lost Lake (Pickett, Colven, and Bledsoe, 1987).

History of Waste Disposal

Before construction of the settling basin, Lost Lake was dry except during
periods of heavy precipitation. Water has accumulated in the Lake since the
diversion of process effluents from Building 313-M tc the basin in 1960. The
water levels varied widely as a result of process discharges and rainfall.
Lost Lake has no outlet; therefore, all wastewater that entered the area
either seeped into the ground or evaporated. Section B.2.2.5 presents a more
detailed discussion of previous waste disposal practices.

Discharges of waste effluents to the settling basin were discontinued on July
16, 1985. Lost Lake is expected to alternate between dry and wet, depending

on precipitation.

Evidence of Contamination

The 1985 analytical results indicate that higher metal concentrations in the
soils beneath Lost Lake generally correlate with the average depth of the
water. Consequently, the area of the lake that has an elevation less than 102
meters, which is almost always wet, shows the highest levels of inorganic con-
tamination. Concentrations of lead, barium, copper, nickel, manganese, and
zinc exceed the M-Area background levels at both the 0.0- to O.l5-meter and
the 0.15- to O.45-meter depths. Concentrations of these metals at the
0.15- to O.45-meter level are less than the SRP and Southeastern United States
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background concentrations. Magnesium concentrations are above all reference
background levels at the 0.15- to 0.45-meter level. Uranium concentrations
within the 102-meter contour are below the detection limit of 10 parts per
billion {(Pickett, Colven, and Bledsoe, 1987).

The levels of bis(2-ethylhexyl) phthalate and di-N-butyl phthalate are above
detection limits in the soils beneath Lost Lake. Of the three chlorinated
hydrocarbons (trichloroethylene, tetrachloroethylene, and 1,1,1-trichloro-
ethane), only one, tetrachloroethylene, was detected in any Lost Lake soil
sample.

Analyses of groundwater samples indicate that Lost Lake is not as great a
source of organic or inorganic contaminants as the settling basin.

Waste Characterization

The characteristics of the wastewater discharged to Lost Lake from the set-
tling basin overflow or effluent are similar to those described for the M-Area
settling basin in Section B.2.2.5. GSampling results indicate that the contam-
inant levels in the settling-basin effluent are generally lower than those in
its influent. Nitrate concentrations, conductivity, total dissolved solids,
and cencentrations of most metals (nickel, lead, copper, chromium, magnesium,
iron, zinc, and manganese) are lower in the effluent.

B.2.3 MAJOR GEOHYDROLOGIC CHARACTERISTICS

The hydrostratigraphy of the A/M-Area is similar to the generalized hydrostra-
tigraphy discussed in Appendix A with the following exceptions: (1) the "tan
clay" is only about 0.9 meter thick and lies in the unsaturated zone; (2) the
"calcareous =zone' is not present; (3) the 'green clay" is discontinuous; (&)
the Congaree Formation has fewer separated lenses of clay and lenses of sand;
and (5) the Ellenton Formation is mostly a gray, clayey sand or sandy clay
that contains plentiful mica and deposits of marcasite or gypsum {Michael,
Johnson, and Bledsoe, 1987; Scott, Killian, Kolb, Corbo, and Bledsoe, 1987).
As a result of these different geologic features, the subsurface hydrologic
characteristics also differ from those described in Appendix A. Because the
green clay is less continuous, it does not impede downward water flow as much
as in the central part of the Plant. Head changes are more gradual because
extensive layers of clay are absent from the Tertiary sediments (Barnwell,
McBean, and Congaree Formations). In addition, the potentiometric head of the
Tertiary sediments is greater than that of the Middendorf/Black Creek
(Tuscaloosa) Formation in the A/M-Area. Therefore, heads decline continuously
with depth (Figure B-3), and there is no head reversal at the Congaree-
Ellenton boundary as there is in the central part of the Plant. Recent
evidence suggests that the head reversals between the Congaree and
"Tuscaloosa” in certain parts of the Plant may not currently exist (Bledsoe,
1987). This indicates that the A- and M-Area geographic grouping is located
above a potential recharge zone of the Middendorf/Black Creek Formation
(Pickett, Colven, and Bledsoe, 1987).

The water table in the area is mainly within the McBean Formation, although
locally it might be within the Barnwell. Natural discharge from the water
table is to Tims Branch, the swamps along the Savannah River, and Hollow Creek
northwest of the Plant. Figure B-4 is a water-table map for the A/M-Area,
based on measurements obtained in July 1984. The water—table gradients in the
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area range from about 0.002 to 0.008 meter per meter, with the steeper gradi-
ents in the direction of Tims Branch. Results from a 30-day pump test in the
A/M-Area indicate a transmissivity of 5.3 square meters per day and a storage
coefficient of 0.20 for the Tertiary sediments. The test well was screened
from a depth of 39.6 to 58 meters below the land surface. The researchers
calculated an average hydraulic conductivity of 1.6 meters per day for the
Tertiary sediments and a flow velocity ranging from about 5.8 to 22.8 meters
per year for gradients of 0.002 to 0.008 meter per meter (Pickett, Colven, and
Bledsoe, 1987).

Laboratory permeability tests were performed on undisturbed samples from the
clayey units of the Ellenton and upper Middendorf/Black Creek Formations
{Marine and Bledsoe, 1985). The results of these tests indicate a vertical
hydraulic conductivity ranging from 4.0 x 1077 to 5.2 x 107’ centimeter
per second and a horizontal hydraulic conductivity ranging from 5.7 x 1077
to 1.1 x 10°* centimeter per second. The effective porosities determined
for these samples range from 0.024 to 0.137 (dimensionless). These compare to
average effective porosities of 0.20 and 0.30 generally used for the Tertiary
sediments and the Middendorf/Black Creek, respectively. Researchers calcula-
ted an average vertical flow velocity of 0.4 meter per year across the
Ellenton Formation using a hydraulic conductivity of 1 x 10°’ centimeter per
second, an effective porosity of 0.07, a hydraulic head difference of 7.3
meters, and an average clay thickness of 12.2 meters (Michael, Johnson, and
Bledsce, 1987).

B.2.4 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at the 13 waste management facilities in
the A- and M-Area geographic grouping. Well-water samples are analyzed quar-
terly for RCRA and South Carolina Hazardous Waste Management Regulations
(SCHWMR) parameters at hazardous and mixed waste management facilities. Typi-
cally, wells are monitored for gross alpha, gross nonvolatile beta, and tri-
tium at low-level waste-management facilities. At least 55 wells in this
geographic area are used to monitor groundwater in the vicinity of the 13
facilities. Additional wells would obtain better definitions of subsurface
conditions and any potential contamination.

Waste site characterization programs have been completed at 10 of the waste
management facilities and are being implemented at three others. Characteri-
zation generally includes representative sampling of the waste, sampling of
the soil and sediment under the waste site, and sampling of the soil and sedi-
ment around any existing overflow ditches and process sewers.

Table B-6 lists the representative monitoring wells at each waste management

facility; the site investigations that have occurred; and the results of
groundwater, soil, and vegetation monitoring.

B.3 F- AND H-AREA WASTE SITES

This geographic grouping of waste sites is about 10 kilometers southeast of
A-Area. It consists of waste sites associated with the Separations (200-F and
-H) Areas and the Radiocactive Waste Burial Grounds, which are just north of
Road E. Figure B-5 shows the locations of the waste sites within this
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grouping. The boundaries are defined primarily by the areas of influence
assigned to the F- and H-Area seepage basins, the radiocactive waste burial
grounds, and the mixed waste management facility. Surface drainage is to
Upper Three Runs Creek on the north and to Four Mile Creek on the south.

B.3.1 POTENTIALLY HAZARDOUS WASTE SITES*

B.3.1.1 F-Area Acid/Caustic Basin (904-74G)

The F-Area acid/caustic basin is one of six basins on the SRP. These basins
are unlined earthen depressions nominally 15 meters long, 15 meters wide, and
2 meters deep.

History of Waste Disposal

The acid/caustic basins were built from 1952 to 1955 to provide for mixing and
neutralization of dilute sulfuric acid and sodium hydroxide solutions from
water treatment facilities before their discharge to local streams.

Dilute sulfuric acid and sodium hydroxide solutions were used to regenerate
ion-exchange units in water purification processes, and the spent dilute solu-
tions were discharged to the acid/caustic basins through acid-resistant
sewers. QOther wastes included water rinses of the ion-exchange units (both
before and after regeneration), steam condensate from the heater in the sodium
hydroxide storage tanks, and rain that collected in the storage tank spill
containment enclosures. The F-Area Basin remained in service until in-process
neutralization facilities became operational in 1982. All of the acid/caustic
basins, including that of F-Area, are now inactive.

Evidence of Contamination

Work to identify the environmental impacts of the basins is in progress. A
program to sample the contents and the soils beneath the basins is under way.
Review of existing data from the monitoring wells installed around the basins
shows no significant impacts on groundwater quality (Ward, Johnson, and
Marine, 1987).

Waste Characterization

Limited data are available on the extent of contamination and characteristics
of the wastes involved at this site. Data have been gathered via groundwater
monitoring and soil sampling. Data collected to date reveal no indication of
contamination.

Analytical results of the characterization program indicate elevated levels of
chromium, mercury, lead, phosphate, copper, sodium, sulfate, barium, and sele-~
nium in the sediment “sampled from one or more of the basins. Results of EP
toxicity tests performed on the basin sediment samples from each of the basins
indicate that all concentrations of each of the metals analyzed are below 1
percent of the maximum concentrations provided by the EPA (40 CFR 261.24).

*See discussion of site type on page B-1.
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B.3.1.2 H-Area Acid/Caustic Basin (904-75G)

The H-Area acid/caustic basin is one of six such basins in the Reactor and
Separations Areas. These basins are unlined earthen depressions nominally 15
meters long, 15 meters wide, and Z meters deep.

History of Waste Disposal

See Section B.3.1.1. The H-Area basin remained in service until in-process
neutralization facilities became operational in 1982,

Evidence of Contamination

Groundwater monitoring wells have not been installed around the H-Area basin.

Waste Characterization

Limited data are available pertaining to any sampling or monitoring program
associated with the H-Area acid/caustic basin.

B.3.1.3 F-Area Burning/Rubble Pits (231-F and 231-1F)

The F-Area burning/rubble pits are in the northwest portion of the Plant, west
of F-Area and east of Road C. The configuration of the pits is approximately
that of a parallelogram, each being 84 meters long, 23 meters wide, and 3
meters deep.

History of Waste Disposal

See Section B.2.l1.6. Rubble disposed of at this site reportedly includes con-
crete, metal, lumber, and telephone poles.

Evidence of (Contamination

See Section B.2.1.6,

Waste Characterization

See Section B.2.l1.6.
B.3.2 LOW-LEVEL RADIQACTIVE WASTE SITES

B.3.2.1 H-Area Retention Basin (281-3H)

T@e H-Area retention basin is southwest of the H-Area perimeter fence (Scott,
Killian, Kolb, Corbo, and Marine, 1987). It is at the lip of a slope leading
to a tributary of Four Mile Creek at an elevation of 81 meters. It is 36.6

meters long, 61 meters wide, and 2.1 meters deep. Its volume is 8.53 x 10°
liters.

The basin is on the Four Mile Creek side of the water-table divide (Scott,
Killian, Kolb, Corbo, and Marine, 1987). The groundwater beneath it migrates
toward the tributary of Four Mile Creek that flows toward H-Area. The average
water—table gradient from the basin to this tributary is 0.03 meter per meter.
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The H-Area retenticn basin is fenced but not backfilled, and it is surrounded
by vegetation.

History of Waste Disposal

The retention basins in the Separations Area were used from 1955 to 1973
(Scott, Killian, Kolb, Corbo, and Marine, 1987). The basins are currently not
in use. These open, unlined basins provided temporary storage for potentially
contaminated cooling water and contaminated storm water from the waste tank
farms and, therefore, kept wastewater from discharging into mnearby streams.
When radicactivity was encountered in the cooling water or storm water, such
water was immediately diverted from surface drainage streams to the retention
basins. Leaks of process material to cooling water and spills of radioactive
waste to the storm sewer could have caused the contamination. During the
holding period, some water seeped into the ground. The exact quantities of
water disposed of in the retention basins are unknown.

Evidence of Contamination/Waste Characterization

In 1977, researchers performed radiological surveys of soil and vegetation
around the H-Area retention basins (Scott, Killian, Kolb, Corbo, and Marine,
1987). Radiation above guidelines was measured at levels up to 90 millirads
per hour near the edge of the basin. Vegetation near the basin exhibited
cesium-137 at 8200 to 8900 picocuries per gram and strontium-89 and 90 at
58,000 picocuries per gram. No guidelines are issued for vegetation. An area
of approximately 930 square meters has shown levels of radiocactivity.

B.3.2.2 F-Area Retention Basin (281-3F)

The F-Area retention basin is outside and south of the F-Area perimeter fence
and east of Building 281-8F. The basin is in an area of level topography on
the Aiken Plateau at an elevation of 82 meters above sea level. Surface
drainage from the surrounding area flows to Four Mile Creek, about 1200 meters
away. The slopes toward Four Mile Creek are very gentle in the wvicinity of
the basin, but they become progressively steeper approaching the creek. The
basin is rectangular, with dimensions of 36.6 by 61 by 2.1 meters. Its volume
is 8.53 x 10" liters (Scott, Killian, Kolb, Corbo, and Marine, 1987).

The retention basin is on the Four Mile Creek side of the water-table divide.
Groundwater beneath the basin migrates toward the creek. The average water-

table gradient from the basin to Four Mile Creek is 0.009 meter per meter.

History of Waste Disposal

The F- and H-Area retention basins have similar disposal histories (see Sec-
tion B.3.2.1); however, F-Area was excavated to 0.6 meter below the original
floor of the basin, backfilled with dirt, and covered with grass.

Evidence of Contamination/Waste Characterization

During the latter part of 1978, approximately 970 cubic meters of contaminated
soil containing about 11.5 curies of cesium-137 and 0.5 curie of strontium-90
was removed from the F-Area retention basin and transported to the burial
ground.
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An analysis, performed in 1979, determined that most of the residual
cesium—137 in the basin floor was in the top 30 centimeters of soil, while
there were concentrations of strontium-89 and 90 at depths to 180
centimeters. Of the remaining basin soil, calculations based on core samples
indicated that about 0.05 curie of cesium-137 and 1.3 curies of strontium-90
remain in the basin sediments.

B.3.2.3 Present Radicactive Waste Burial Ground (643-7G)

The present radioactive waste burial ground (643-7G) is between the F and H
Separation Areas (Figure B-5). The burial ground is an area of approximately
61 acres consisting of trenches and greater confinement boreholes and pads
used for the storage or disposal of low-level, intermediate-level, and trans-
uranic (TRU) solid waste. The mixed waste management facility (643-28G), a
site of approximately 58 acres used for the disposal of candidate mixed
wastes, is completely within the boundaries of 643-7G., The total combined
area (643-7G and 643-28G) is 119 acres. Section B.3.3.1 discusses the mixed
waste management facility. This section discusses the history of disposal,
evidence of contamination, and waste characteristics (Jaegge et al., 1987) at
643-7G.

History of Waste Disposal

The present burial ground (643-7G) has received waste generated after 1972.
Bulky low— and intermediate-level wastes are disposed of in trenches 6 meters
wide, up to 300 meters long, and 6 meters deep. The trenches are backfilled
with a minimum of 1.2 meters of soil. These trenches are the shallow-land
burial (SLB) type.

Since mid-1984, newly generated low-level waste has been containerized in
metal boxes and stored in engineered low-level trenches (ELLTs). Transuranic
waste contaminated to greater than originally 10, currently 100 nanocuries per
gram is placed in containers and stored retrievably on concrete pads at ground
level and covered with 1.2 meters of soil.

Evidence of Contamination

Groundwater contamination at the combined 643-7G and 643-28G area is monitored
with 19 perimeter wells and 26 grid wells within the perimeter of 643-7G. The
groundwater beneath the monitored portion of 643-7G and 643-28G contains an
estimated 1 millicurie of nonvolatile beta emitters and 0.5 millicurie of
alpha emitters. Tritium measurements suggest a total activity of tritium
beneath the monitored area of 5600 curies.

The burials of tritium waste in the unmonitored eastern portion of 6h3;28G
suggest that a plume of tritium will develop in the groundwater in that area
and subsequently flow toward 643-7G.

Nonradioactive chemical species have been monitored in groundwater at 643-G

and 643-7G (Jaegge et al., 1987). Detected constituents are mercury, cadmium
and lead.



Waste Characterization

Examples of the materials that have been stored or might be disposed of in
643-7G include the following:

Contaminated equipment

Reactor hardware and resins

Spent lithium-aluminum targets

Incidental waste from laboratory and production operations
Shipments from off the site

B.3.3 MIXED WASTE SITES

B.3.3.1 Mixed Waste Management Facility (643-28G)

The mixed waste management facility (MWMF) is near the F- and H-Area separa-
tions facilities (Figure B-5). With an area of approximately 58 acres, the
MWMF consists of a number of individual trenches that were used for the
disposal of candidate mixed wastes. The trenches are within the boundaries of
a larger facility (643-7G) known as the radiocactive waste burial ground.

History of Waste Disposal

The MWMF received wastes from 1972 to March 1986. Candidate mixed wastes are
disposed of in SLB trenches that are generally about & meters wide and 6
meters deep and have variable lengths up to 500 meters. The trenches,
separated by about 3 meters, were backfilled daily during landfilling activi-
ties. See Section B.3.2.3.

Evidence of Contamination

Hazardous constituents have been identified at the boundaries of 643-7G and
643-28G. However, it has not been determined which of the waste management
facilities is the source of these constituents. A monitoring program has been
proposed to determine the presence and extent of groundwater contamination.
Monitoring was performed during the characterization of the combined radio-
active waste burial grounds (643-7G).

Waste Characterization

Candidate mixed wastes placed in the MWMF trenches consist of scintillation
fluids and waste oil. The oil originated from pumps in the tritium facilities
and reactor areas. Before storage, the waste o0il was placed in 208-liter
drums containing an absorbent material. Other wastes stored include lead
shielding, cadmium, and incidental waste from laboratory and production opera-
tions. The mobility and rate of migration of these wastes have not been
determined.

B.3.3.2 01d Radioactive Waste Burial Ground (643-G)

The radioactive waste burial ground (643-G) is between the F and H Separations
Areas (Figure B-5). The disposal site occupies a 76-acre area and is approxi-
mately 10 kilometers from the nearest Plant boundary. The following sections
describe the history of waste disposal, evidence of contamination, and waste
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characteristics at the site. Section B.3.2.3 discusses the newer burial
ground (643-7G), which currently receives low-level radioactive wastes (Jaegge
et al., 1987).

History of Waste Disposal

This burial ground is a central site used for the disposal of solid radio-
active waste.

The older burial ground began to receive waste in 1952 and was filled in
1972, It was divided into sections for accommodating various levels and types
of radiocactivity in waste materials: TRU alpha waste, low~level waste (alpha
and beta-gamma), intermediate-level beta-gamma waste (intermediate- and low-
level beta-gamma solid radioactive wastes are segregated according to radia-
tion measurement), and waste generated off the site. The burial ground was
operated in compliance with U.S. Atomic Energy Commission (AEC) regulations
and DOE Orders regarding radicactive waste disposal. Inorganic constituents
such as lead (used to shield a variety of waste forms), mercury (from gas
pumps in tritium facilities), and cadmium (from nuclear reactor control rods)
have been placed in the burial ground.

Evidence of Contamination

Past SRP burial practice resulted in direct contact between waste and soil in
near-surface backfilled trenches. The annual average gross alpha concentra-
tion for all but one well has been approximately constant and fairly low, 1 to
9 picocuries per liter (background level), since 1974. The average gross
nonvolatile beta concentration increased in 1984 after having been fairly low
and constant for the previous 5 years. Since 1974, the annual average gross
nonvolatile beta concentrations have ranged from 13 to 76 picocuries per
liter., One research well at the site remains considerably higher in gross
alpha (231 picocuries per liter) and gross nonvolatile beta (15,453 picocuries
per liter) activity than the other wells. The alpha and beta emitters present
in this research well have been identified as primarily plutonium-238,
plutonium-239, and strontium-90. The observed variations in concentration are
under investigation to determine mechanisms.,

Tritium is also found at the burial ground research wells but at much higher
concentrations and in larger zones of contamination. The average tritium con-
centration rose in 1984 to 87.5 million picocuries per liter, more than twice
the 1983 value, thus returning to levels observed in 1978, 1980, and 1981.
Monitoring has also yielded evidence of nonradiocactive chemical species. In
1984, a maximum concentration of 2.9 parts per billion of mercury was observed.

The estimated total activity of radionuclides in the groundwater beneath the
643-C burial grounds is 2.5 millicuries of alpha emitters, 16 millicuries of
?onvolatile beta-gamma emitters, and 38,600 curies of tritium. As these data
indicate, tritium, in contrast to alpha and nonvolatile beta emitters, is
readily leached and moves freely with groundwater flow.

Puring the time the tributylphosphate—kerosene extraction solvents were stored
in underground tanks, approximately 1600 liters of solvent were released to
t?e groundwater as a result of tank leaks and process upsets. Some of the
fission and activation products measured in monitoring wells are attributed to
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this source. Also, the decontamination of equipment with complexing agents
might be responsible for the migration of nuclides to several research wells.
See Section B.3.2.3.

Waste Characterization

Materials that have been disposed of at the burial ground include (1) contami-
nated equipment from the radiochemical Separations Area, (2) reactor hardware
and resins, (3) spent lithium-aluminum targets, (4) oil from pumps in the tri-
tium facilities and reactor areas, (5) mercury from gas pumps in the tritium
facilities (approximately 9000 kilograms), (6) incidental waste from labora-
tory and production operations, (7) tritiated waste received from the Mound
Laboratory, (8) plutonium process wastes from other DOE facilities, and (9)
debris from U.S. military plane accidents.

Mechanisms that affect the mobility of radionuclides in groundwater are under
investigation. The most likely mechanisms are (1) complex formation with
organics, carbonate, and phosphate; and (2) competitive cation exchange with
the soil, for groundwaters with high conductivity and high concentrations of
various cations. Other conditions that might increase radionuclide migration
are abnormal pH, low Eh or dissolved oxygen, and high iron concentrations.

B.3.3.3 F-Area Seepage Basin (904-41G)

Seepage basin 904-41G is one of three currently operating basins in F-Area
(Figure B-5). Wastewater flowing to the basins enters basin 1 (904-41G)
through a single underground pipe. It flows from basin 1 to basin 2 (904-42G)
and then to basin 3 (904-43G) through underground pipelines. This section
discusses the history of disposal, evidence of contamination, and waste char-
acteristics common to all three operating basins (Killian et al., 1987a).

History of Disposal

Discharges from the F-Area separations facility began in 1955 to the basins.
Effluents include low-level radicactive and chemical wastewaters. The purpose
of the basins is to provide a controlled release and appropriate decay time
for tritium and to retain other radionuclides. The three F-Area seepage
basins cover an area of approximately 5.5 acres and have a capacity of about
1.1 x 10° liters. Basin 1 has side dimensions of 27 by 84 meters and a
capacity of about 8.9 x 10° liters.

Evidence of Contamination

One-meter so0il cores have been collected from the bottoms of the F-Area seep-
age hasins. The cores, which were collected at two or three locations per
basin, were divided into 0.15-meter intervals for analysis of the 16 radio-
nuclides and 25 cations and anions listed in Table B-7. Approximately 90 per-
cent of the radionuclides, cations, and anions are contained within the top
0.3 meter of the basin soils. All radionuclides listed in Table B-7 except
cerium-141 were observed in the so0il cores. Curium-244, cobalt-60,
cerium-144, ruthenium-103, and strontium-89 were present infrequently. Sil-
ver, beryllium, lead, selenium, tungsten, cyanide, and nitrites were not
observed in the cores., Chromium, iron, fluorine, manganese, sodium, nitrate,
and titanium were found frequently. The remaining cations and anions were
observed less frequently.
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Table B-7. Parameters Analyzed in the F- and H-Area Basins
Sediment-Characterization Study®

Radionuclides Cations and anions Cations and anions
Tritium Arsenic Nickel
Cobalt-60 Barium Selenium”
Strontium-89, =90 Beryllium® Silver®
Niobium-95 Bismuth Sodium
Zirconium-95 Boron Tin
Technetium-99 Cadmium Titanium
Ruthenium-103, -106 Chromium Tungsten®
Iodine-129 Copper Zinc
Cesium-134, -137 Iron Nitrates
Cerium-141,° =144 Lead® Cyanide
Thorium-232 Lithium Fluoride
Uranium-233, -235, -238 Mercury Nitrites®
Plutonium-238, -239 Manganese

Americium-241
Curium-244
Promethium-147

®Source: Killian et al., 1987a.
"Not found.

In March 1985, a well downgradient from the seepage basins was sampled for
RCRA Appendix VIII parameters. This well was believed to be the most contami-
nated downgradient well. The only detected parameters were the following:
selenium, barium, cadmium, and nickel. Since 1981, the highest alpha, nonvol-
atile beta, and tritium concentrations in monitoring wells have been 2700
picocuries per liter, 160,000 picocuries per liter, and 36 million picocuries
per liter, respectively.

In the fall of 1984, 13 new groundwater monitoring wells were installed in
four clusters at the F-Area seepage basins. The well clusters are screened in
the Barnwell, McBean, and Congaree aquifers. The wells were sampled first in
March and April of 1985. The analyses show that, as expected, the highest
levels of contamination are in the shallow water—table wells.

Strontium has been emerging in Four Mile Creek from the F-Area basins since
1967. The amount entering the creek annually is about 2 percent of the
groundwater strontium inventory in F-Area. Maximum strontium—-%0 concentra-
tions in groundwater and emergent seep lines range from 0.0l4 to 0.34 micro-
curie per liter (Christensen and Gordon, 1983). Alpha activity in groundwater
between the basins and Four Mile Creek in the Separations Areas is attributed
mainly to uranium discharged to the basins, plus a small amount of natural
radicactivity. Alpha concentrations in F-Area groundwater and seep lines
range from l.4 x 107° to 6.5 x 10 ' microcurie per 1liter. Only tritium,
strontium-90, and uranium have been detected rcutinely in groundwater between
seepage basins in the Separations Areas and Four Mile Creek in concentrations
greater than 10 times the natural background levels.
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In 1968 and 1969, intensive groundwater monitoring studies of nitrate levels
found values ranging from 100 to 300 milligrams per liter in F-Area, as
opposed to concentrations of 3 milligrams per liter in natural groundwater.
Values of pH were found to be in the range of 4 to 6 in the basin vicinity.
Results of an April 1984 terrain conductivity survey at the F-Area seepage
basins to determine areas of potential contaminant migration correlate well
with the nitrate studies performed in the late 1960s; however, a new plume was
suspected west of basin 3.

Waste Characterization

The primary sources of the effluent being discharged to the basins from the
F-Area separations facility are the nitric acid recovery unit, the general-
purpose evaporator overheads, the two waste tank farm evaporator overheads,
and the overheads of several other process evaporators. Retention basin
transfers are another source. The monitor upstream from basin 1 measures
flows to the F-Area seepage basins and takes wastewater samples proportional
to these flows. The average daily flow into the basins for 1985 was
411,000 liters per day.

The F-Area separations facility routinely has released wastewater containing
nitrates to the seepage basins since startup in 1955. Release rates vary, but
they average 234,300 kilograms per year, as measured from 1961 to 1970, in
1975, and in 1983.

F-Area operations sometimes use mercury to aid in dissolving aluminum-alloy
fuels. The sodium hydroxide used in F-Area also contains trace amounts of
mercury as an impurity. Most of the mercury is retained in high-level waste
tanks, but some is discharged to the basins via evaporator overheads. An
estimated 380 kilograms of mercury-contaminated wastewaters were released to
the F-Area basins between 1955 and 1970. Between 1971 and the end of 1984, 61
kilograms of mercury were released to the basins.

In a 1983 influent characterization study, the waste stream entering the
F-Area seepage basins was sampled nine times between September and December to
obtain the concentrations of wvarious chemical constituents. Table B-8 lists
the results of that study. For the radionuclides, the number of curies con-
veyed to the seepage basins in 1982 and 1983 and the volume of effluent were
used to calculate the average concentrations.

B.3.3.4 F-Area Seepage Basin (904-42G)

See Section B.3.3.3. Basin 2 (904-42G) is 27 by 161 meters with a capacity of
1.7 x 107 liters.

B.3.3.5 F-Area Seepage Basin (904-43G)

See Section B.3.3.3. Basin 3 (904-43G) has dimensions of 94 by 219 meters and
a capacity of 8.3 x 107 liters.

B.3.3.6 F-Area Seepage Basin - Qld (904-49G)

Seepage basin 904-49G in F-Area (Figure B-5) measures 59.4 by 91.4 meters. A
berm about 1.5 meters wide at the top and about 12.2 meters wide at the bottom
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Table B-8. F-Area Seepage-Basin Influent Characteristics®
Average
concentration Average
(mg/liter except concentration

Constituent for pH) Constituent (pCi/liter)
Sodium 790 Am~241 308
Calcium 0.5 Ce-141 1,540
Iron 1.7 Ce-144 1,540
Ammonium 24 Cm—-242 154
Barium 0.01 Cs-134 6,200
Aluminum 0.78 Cs-137 62,000
Nitrate 1220 I-131 15,400
Carbonate 131 Nb-95 62,000
Nitrite 2 Pm-147 7,690
Chloride 1.2 Pu-238 308
Sulfate 4.6 Pu-239 308
Phosphorus 2.2 Ru-103 30,800
pH 2.93 Ru-106 308,000
Lead 0.12 Sr-89 3,080
Mercury 0.004 Sr-90 6,200
Chromium 0.013 Tritium® 1.02 x 10°%°
Copper 0.010 U-235 2080
Fluoride 1.5 U-238 2080
Zinc 0.3 Zr-95 62,000
“Source: Killian et al., 1987a.

®Not 1included in this specific study;
mation based on 1983 data.
“Rounded value.

concentration is an approxi-

separates the basin into two compartments. The following sections describe
the history of waste disposal, evidence of contamination, and waste character-—
istics at the seepage basin (Odum et al., 1987).

History of Waste Disposal

Basin 904-49G, constructed in 1954, was the first seepage basin used on the
Plant. It received wastewater from F-Area from November 1954 until mid-May
1955. The seepage rate from this basin proved to be inadequate to handle the
increasing volumes of wastewater from F-Area separations operations; thus,
three additional basins were constructed in 1955 and routine use of the
904-49G basin was stopped. The basin has been used intermittently since 1955
to divert rainfall runoff or process water from Qutfall F-~2. Preceding sec-
tions discussed the three basins that replaced 904-49G.

Currently, the basin has an accumulation of rainwater with a maximum estimated
depth of less than 45 centimeters. Before the summer of 1985, very little
water remained in the basin; the total estimated volume was less than 567,000
liters. Current estimates indicate that the basin is seeping very slowly and
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acting much like a "wet weather pond," with the level increasing during rainy
weather and decreasing during periods of low rainfall and high evaporation.

Evidence of Contamination

Recent sediment samples have been collected from the basin. Water and mud
samples were collected fFrom 41 different but unknown locations throughout the
basin in June 1955. Four monitoring wells have been drilled around the basin;
the most recent was installed in late 1984 and sampled during the first
quarter of 1985. Sampling results for these wells indicate the presence of
conductivity, turbidity, barium, chromium, copper, manganese, lead, zinc,
fluoride, nitrate, gross alpha, and gross beta. Statistically significant
differences between upgradient and downgradient wells for pH, conductivity,
nitrate, barium, manganese, sodium, lead, gross alpha, and gross beta were
observed.

Waste Characterization

See Section B.3.3.3.

During the operation of basin 904-49G, the wastes would have been sampled for
radioactivity. Much of the waste probably was transferred directly to the
seepage basin regardless of its chemical content.

The total radicactivity discharged to the basin has been estimated at 1.78
curies. This estimate was based on gross alpha and gross beta measurements
and discharge volumes. Estimates of nonradiocactive chemical releases (Table
B-9) range from less than 19 kilograms of copper and 8 kilograms of nitrite to
about 27,000 kilograms of nitrate.

B.3.3.7 H-Area Seepage Basin (904-44G)

Seepage basin 904-44G is one of four seepage basins in H-Area (Figure B-5).
Currently, basins 1 (904-44G), 2 (904-45G), and 4 (904-56G) are in operation.
Basin 3 (904-46G) has been inactive since 1962. The wastewater flowing to the
basins enters through a single underground pipeline into basin 1. It travels
from basin 1 to basin 2 and then to basin 4 through underground pipelines.
This section discusses the history of disposal, evidence of contamination, and
waste characteristics common to all four basins (Killian et al., 1987b).

History of Waste Disposal

The operating H-Area seepage basins have received hazardous and low-level
radioactive wastewaters from the H-Area separations facility. The purpose of
these basins is to provide a controlled release and appropriate decay time for
tritium and to retain other radicactive materials in the soil. The four
H-Area basins cover an area of approximately 13.8 acres. Discharges to basins
1, 2, and 3 began in 1955. 1In 1962, discharges to basin 3 stopped and the use
of basin 4 began. Basins 1, 2, and 4 have a total capacity of about
1.4 x 10° 1liters at overflow conditions. Basin 1 has side dimensions of
27 by 73 meters and a volume of 4.2 x 10° liters.
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Table B-9. Estimated Nonradio-
active Chemical
Releases to Basin

G04—49G"
Cation/anion Release (kg)
Ammonium 29
Calcium 193
Magnesium 93
Sodium 1,111
Iron 550
Copper <19
Aluminum 72
Lead <72
Zinc 180
Chloride 53
Nitrite 7.9
Nitrate 27,000°
Sulfate 886
Phosphate 48
Chromium <72

®Source: Odum et al., 1987
’Rounded value.

Evidence of Contamination

Several studies performed at the F- and H-Area seepage basins to characterize
the soil indicate that cesium is retained well by sediments at the Plant, and
that none has migrated far enough to be detected in groundwater between seep-
age basins in the Separations Areas and Four Mile Creek. Plutonium 1is
retained higher up in SRP soils than cesium; sampling of F-Area basin 3 soil
in 1971 to a depth of 3.0 meters showed that more than 99 percent of the plu-
tonium is retained in the top 20 centimeters of soil, with a maximum concen-
tration of 1.7 nanocuries per gram.

One-meter soil cores have been collected from the bottoms of the H-Area seep-—
age basins. Cores collected at two to five locations per basin were divided
into 15-centimeter intervals for analysis for 16 radionuclides and 25 cations
and anions (Table B-8). Approximately 90 percent of all the detected radio-
nuclides, cations, and anions except tritium and nitrate are contained within
the top 0.3 meter of soil. With the exceptions of cerium-141, and
zirconium-95, all radionuclides listed in Table B-8 were detected in the soil
samples; ruthenium~103 was detected in only two samples, With the exceptions
of beryllium, cadmium, and selenium, all cations and anions listed in the
table were detected in the soil samples; silver, arsenic, cyanide, tungsten,
and mercury were detected in only a few samples.

Quarterly groundwater monitoring, in compliance with RCRA and SCHWMR, began in
the first quarter of 1982 with seven water-table wells near the H-Area seepage

basins. An evaluation of the data for the first five quarters shows that the
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following parameters are probable groundwater contaminants because of their
elevated levels in the basin influents and the consistency of groundwater
data: pH, specific conductivity, total dissolved solids, mercury, sodium,
nitrate, gross alpha, gross beta, and radium.

Groundwater monitoring for radiocactivity parameters has been performed since
Plant operations began. Results of alpha measurements for the past several
years have shown that the highest concentrations (1.1 to 49.0 picocuries per
liter) of alpha emitters are near basins 1 and 2. The highest nonvolatile
beta concentrations (48 to 8500 picocuries per liter) are near and down-
gradient from basins 1, 2, and 3. Tritium concentrations are highest (1 mil-
lion to 50 million picocuries per liter) near and downgradient from basins 1,
2, and 3,

In the fall of 1984, SRP installed 21 new groundwater monitoring wells in six
clusters at the H-Area seepage basins to characterize contaminant migrations.
The well clusters are screened in the water—table, Barnwell, McBean, and
Congaree aquifers. Regular quarterly sampling began in March and April 1985,
Samples were analyzed for tritium, nitrate, sodium, chromium, cadmium, and
mercury. The analyses show, as expected, that the highest levels of
contamination are in the shallow water-table wells. However, at one well,
elevated levels of tritium, nitrate, and sodium were detected in the Congaree
aquifer beneath the green clay. According to the results from the other wells
screened in the Congaree, the green clay is a significant barrier to vertical
contaminant migration.

Only tritium, strontium-90, and uranium have been detected routinely in
groundwater between the seepage basins in the Separations Area and Four Mile
Creek in concentrations pgreater than 10 times the natural background. Beta
activity in groundwater at H-Area is attributed mostly to strontium. Although
tritium moves at the same velocity as the groundwater, strontium moves slower
than the groundwater because of the ion-exchange characteristics of the soil.
Maximum strontium—90 concentrations in groundwater and emergent seep lines
range from 5.5 x 107° to 1.8 x 10 ' microcurie per liter. Alpha activity
in groundwater between the basins and Four Mile Creek in the Separations Areas
is attributed mostly to uranium discharged to the basins, plus a small amount
of natural radiocactivity.

In 1968 and 1969, intensive groundwater monitoring studies of nitrate levels
found values ranging from 100 to 250 milligrams per liter at H-Area, compared
with concentrations of 3 milligrams per liter in natural groundwater. Also,
pH values were found to be in the range of 4 to 6 in the basin vicinity.
Results of an April 1984 terrain conductivity survey at the H-Area seepage
basins to determine areas of potential contaminant migration correlate well
with nitrate studies conducted in the late 19%60s.

Special studies have been performed to characterize any potential transport of
mercury from the H-Area seepage basins, Most of the mercury released to the
basins is accounted for in the basin soil. However, data on mercury in soils
from the cutcrop along Four Mile Creek, in bottom sediments, and in suspended
solids from the creek show that mercury from the H-Area basins is migrating
into the creek, but in extremely small quantities. The only measurement of
the outcropping of mercury inte Four Mile Creek, made in 1971, showed 0.53
gram per day above the outcrop region and 0.89 gram per day below the outcrop,
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indicating that the basins were contributing about 0.36 gram per day. In a
1984 study, mercury was not observed in the water column at Four Mile Creek
sites downstream from the F- and H-Area seepage basins. All mercury concen-
trations at the Four Mile Creek sites were less than 0.2 part per billion.

Waste Characterization

Primary sources of the wastewaters being discharged to the basins are the
nitric acid recovery unit overheads, the general-purpose evaporator overheads,
and the overheads of the two waste tank farm evaporators. Other sources of
effluent are the cooling water from the tritium facilities, the water trans-
ferred from the retention basin, and the wastewater from receiving basins for
of fsite fuel. The Trebler monitor upstream from basin 1 measures flows to the
H-Area seepage basins and takes wastewater samples proportional to these
flows. The average daily flow into the basins for 1985 was 577,000 liters per
day.

Table B-10 summarizes an influent characterization study completed in 1983.
The waste stream entering the H-Area seepage basins was sampled 11 times
between September and December of that year to determine the concentrations of
those chemicals listed in the table. For each radionuclide, the number of
curies sent to the seepage basins in 1982 and 1983 and the volume of effluent
were used to calculate the average concentration.

The H-Area separations facility routinely has released wastewaters containing
nitrates to the seepage basins since startup in 1955. Nitric acid is the
major source of nitrates released to the basins. Release rates vary, but they
average 220,000 kilograms per year, according to measurements made from 1961
to 1970, in 1975, and in 1983,

Typically, the F- and H-Area basins also receive 90,800 Lkilograms of sodium
hydroxide annually. Before mid-1982, 5450 kilograms of phosphoric acid and
344 kilograms of sodium dichromate were sent to the H-Area basins annually.
Sodium hydroxide is present as a result of resin regeneration operations in
H-Area. Phosphoric acid and sodium dichromate, used in lithium-aluminum
target cleaning, are now sent to the waste tank farm evaporator rather than
being discharged directly to the seepage basins.

The estimated cumulative chromium release to the H-Area basins from January
1981 through July 1983 is 740 kilograms. Chromium c¢oncentrations in

wastewater going to the H-Area basins have been recorded since October 1980.

B.3.3.8 H-Area Seepage Basin (904-45G)

Basin 2 7has side dimensions of 36 by 140 meters and a capacity of about
1.1 x 10" liters. See Section B.3.3.7.

B.3.3.9 H-Area Seepage Basin (904-46G)

Basin 3 has side dimensions of 87 by 152 and 133 by 148 meters and a capacity
of about 8.1 x 10’ liters. See Section B.3.3.7.

B.3.3.10 H-Area Seepage Basin (904-56G)

Basin & has a capacity of about 1.3 x 10° liters. See Section B.3.3.7.
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Table B-10. H-Area Seepage Basins Influent Characteristics?

Average
concentration Average
(mg/liter, concentration
Constituent except pH) Constituent (pCi/liter)
Sodium 17.6 Am-241 13
Calcium 28.0 Ce-1l41 3,333
Iron 5.1 Ce-144 17,333
Zinc 3.1 Cm—-242 6.7
Ammonia 8.0 Cm—244 6.7
Barium 0.08 Co-58 6,670
Potassium 1.0 Co—60 6,670
Aluminum 3.2 Cr-51 33,300
Manganese 0.560 Cs-134 10,000
Magnesium 1.3 Cs-137 60,000
Nitrate 538.0 I-131 3,333
Carbonate 47.0 Nb-95 13,300
Nitrite 1.0 Pm-147 10,000
Chloride 1.1 Pu-238 60
Sulfate 3.9 Pu-239 40
Fluoride 0.1 Ru-103 50,000
Silicon 6.3 Ru-106 50,000
Phosphorus 0.6 Sh-124 1,333
pH 2.37 Sb-125 1,333
Lead 0.18 Sr-89 3,300
Mercury 0.043 Sr-90 6,670
Chromium 0.072 Sr-95 6,670
Copper 0.43 Tritium® 9.6 x 10°°
U-235 33
U-238 33
Zn-65 6,670
Zr-95 6,670

Source: Killian et al., 1987b.

°Not included in this specific study; concentration is an approximation
based on 1983 data.

Average value based on 1985 data.

B.3.4 MAJOR GEQHYDRQLOGIC CHARACTERISTICS

The information in Appendix A related to regional geohydrology was developed
from investigations at these waste sites. 1In this geographic grouping, the
Middendorf/Black Creek {(Tuscaloosa) consists of two sandy aquifers separated
by a confining bed of sandy clay. The Ellenton Formation acts as a confining
bed above the Middendorf/Black Creek, although there are sandy parts of the
Ellenton that will produce water. Below the Middendorf/Black Creek, a bed of
dense clay acts as a confining bed. Locally, the Congaree Formation is 22 to
26 meters thick and consists of well-sorted sands with layers of clay. A
pisolitic-clay zone defines the basal Congaree, and the green clay marks the
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boundary between the McBean and Congaree Formations. The McBean Formation has
average thicknesses of 21 and 17 meters in H- and F-Areas, respectively. As
described in Appendix A, the McBean consists of an upper clayey sand zone and
a lower calcareous sandy clay zone. However, logs on the lithology in the
vicinity of F-Area indicate that there is little calcareous material in the
lower McBean (Killian et al., 1987a). The basal Barnwell Formation consists
of a discontinuous tan clay zone, which acts as a semiconfining layer between
the McBean and Barnwell Formations in some portions of the area. The thick-
ness of the tan clay ranges from 2 to 4 meters. The local water table is gen-
erally within the Barnwell Formation, although the Barnwell yields limited
quantities of water because of the large quantity of fine-grained sediments.
The lithology of the Hawthorn Formation is similar to that of the Barnwell,
and the two are considered a single hydrostratigraphic unit, Although the
Hawthom lies above the water table, local layers of low permeability occa-
sionally cause perched water tables. Some studies have identified perched
water tables at F-Area, 4 to 6 meters below the ground surface and extending
45 meters south toward Four Mile Creek (Killian et al., 1987a).

The vertical-head relationships for wells near the Burial Ground, shown in
Figure B-6, are typical of other waste sites in this geographic grouping. The
hydraulic pressure in the Congaree is the lowest in the mnatural hydrologic
system at this location. Thus, water flows to the Congaree from both above
and below.

The permanent water table at F-Area is about 18 meters below the ground sur-
face, but at H-Area it is only 5 to 8 meters below the surface. Figure B-7 is
a water-table map that is based on measurements made in June 1982. The natu-
ral discharge from the water table is to Upper Three Runs Creek and its tribu-
taries, and to Four Mile Creek. The water-table divide between the two major
creeks bisects the combined 643-7G and 643-28G area.

Hydrologic characteristics of the sediments in the Barnwell, McBean, and
Congaree Formations in F- and H-Areas have been determined in a number of lab-
oratory and field tests (Killian et al., 1987a,b). Table B-11 1lists the
results of small-scale pumping tests. A comparison of the values for hydrau-
lie conductivity in Table B-11 with other values (Killian et al., 1987a,b)
shows that a range of at least two orders of magnitude is reasonable for all
three formations.

B.3.5 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at 14 of the 17 waste management facili-
ties in the F- and H-Area geographic grouping. Well-water samples are ana-
lyzed quarterly for RCRA and SCHWMR parameters at hazardous and mixed waste
management facilities. Typically, the wells are monitored for gross alpha,
gross nonvolatile beta, and tritium at low-level waste management facilities.
In this geographic area there are 241 wells used to monitor groundwater. DOE
plans additional wells to obtain better definition of subsurface conditions
and contaminant transport.

Waste site characterization programs have been completed at some of the waste
management facilities and are being implemented at others., Characterization
generally includes representative sampling of the waste, sampling of the soil
and sediment under the waste site, and sampling of the soil and sediment
around overflow ditches and process sewers.
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Table B~11. Results of Small-Scale Pumping Tests® TE

Hydraulic

Pumping Transmissivity Thickness conductivity Screened

well (m?/day) {m) (m/day) zone" Location

HC 2F 0.55 UB H-Area

H 54 2.3 13.0 0.18 LB H-Area and
Road E

W 4 3.6 4.9 0.73 LB North of Burial
Ground

HC 2E 0.19 LB H-Area

HC 6B 0.13 LB H-Area

HC 4B 0.070 LB H-Area

BGC 1D 0.11 LB Burial Ground

G 28 0.16 LB Burial Ground

F 73 6.7 14.0 0.49 UM Road F at
Road 4

H 64 9.3 i2.0 0.76 UM H-Area along
Road E

F 35 4,9 14.0 0.37 UN North of Burial
Ground

HC 1C 0.29 M H-Area

HC 3D 1.7 UM H-Area

HC 9B 0.46 UM Northeast of
H-Area

HC 13B 0.027 UM H-Area

HC 8C 0.15 UM North of Burial
Ground

HC 7B 0.040 M East of Road F

HC 4A 0.11 UM H-Area

BGC 1C 0.030 UM Burial Ground

F 66 0.89 7.0 0.13 LM Road F at
Road 4

H 53 6.5 13.0 0.49 LM H-Area seepage
basin

F 60 2.6 12.0 0.21 LM F-Area seepage
basin

F 65 6.1 10.0 0.61 LM West of F-Area

HC 6A 0.073 1M H-Area

FC 1B 0.014 LM F-Area

HC 3A 0.79 C H-Area

FC 2A 0.37 C F-Area

HC 8B 0.37 C North of Burial
Ground

?Source: Jaegge et al., 1987. | TC

bKey: UB, Upper Barnwell Formationm; LB, Lower Barnwell Formation; UM, Upper
McBean Formation; LM, Lower McBean Formation; C, Congaree Formation.
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Table B-12 lists the representative monitoring wells at each waste management
facility, the site investigations that have occurred, and the results of
groundwater, soil, and vegetation monitoring.

B.4 R-AREA WASTE SITES

This geographic grouping is approximately 6 kilometers east of H-Area. As
shown on Figure B-8, the grouping contains R-Reactor, which has been on
standby status since 1964, and waste sites that are typical of SRP reactor
areas. The area drains primarily to Par Pond, to the southeast. The bound-
aries of this geographic grouping are defined by the areas of influence
assigned to the reactor seepage basins, the burning/rubble pits, and the
acid/caustic bagin.

B.4,1 HAZARDOUS WASTE SITES

B.4.1.1 R-Area Burning/Rubble Pits (131-R and 131-1R)

The R-Area burning/rubble pits are near the central portion of the SRP, south
of R-Area and Road G. Each site is roughly rectangular, being approximately
72 meters long, 10 meters wide, and 3 meters deep.

History of Waste Disposal

See Section B,2.1.6.

Evidence of Contamination

No groundwater contamination has been observed to date in the four wells
associated with these sites. See Section B.2.l1.6.

Waste Characterization

Limited data are available om the extent of contamination and characteristics
of the wastes involved at this site. Most of the data have been gathered via
groundwater monitoring. Data collected to date indicate no contamination
(Huber, Johnson, and Marine, 1987).

B.4.1.2 R-Area Acid/Caustic Basin (904-77G)

The R-Area acid/caustic basin is one of six such basins in the Reactor and
Separations Areas. These basins are unlined earthen depressions nominally 15
meters long, 15 meters wide, and 2 meters deep.

History of Waste Disposal

See Section B.3.1.1.

Evidence of Contamination

See Section B.3.1.1.
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Waste Characterization

See Section B.3.1.1.
B.4.2 LOW-LEVEL RADIOACTIVE WASTE SITES

B.4.2.1 R-Area Bingham Pump Qutage Pit (643-8G)

Bingham pump outage pit 643-8G is one of three inactive pits located outside
the perimeter fence of R-Area (Figure B-B). Pits 1 (643-8G), 2 (643-9G), and
3 (643-10G6) occupy approximately 460, 380, and 1270 square meters of land,
respectively. This section discusses the history of disposal, evidence of
contamination, and waste characteristics of all three R-Area Bingham pump out-
age pits (Pekkala, Jewell, Holmes, and Marine, 1987a).

History of Waste Disposal

Normally, all radiocactive solid waste generated in the reactor areas is sent
to solid waste burial ground 643-G/643-7G. An exception to this practice was
made during 1957 and 1958, when the reactor areas initiated major modifica-
tions to their primary and secondary cooling water systems. The outages
became known as the "Bingham pump outages." The radicactive waste generated
in R-Area during the outages was surveyed, and solid waste with very low
levels of or no surface contamination was buried in the outage pits. No pumps
~are buried in these pits. Subsequently, the outage pits were backfilled with
clean soil. Waste with higher levels of contamination was sent to the radio-
active solid waste burial ground.

The Bingham pump outage pits have been inactive since 1958; vegetation has
grown uncontrolled over the sites. In 1970, radioactivity in samples of vege-
tation from the surface of the pits was compared with activity in vegetation
growing at the SRP perimeter. Radicactivity in vegetation growing above the
outage pits was elevated, although still very low.

Evidence of Contamination

No monitoring wells have been installed at the outage pits. No core sampling
has been conducted there.

Waste Characterization

The pits contain construction equipment such as pipes, cables, ladders, drums,
and boxes of miscellaneous hardware (Fenimore and Horton, 1974). At the time
of burial, this waste had a radiation level of less than 25 milliroentgens per
hour, and no alpha activity was noted. A conservative estimate of the activ-
ity buried in R-Area is 1 curie. Table B-13 lists the estimated inventories
of this activity at the time of burial and at present. Radicactive decay
since the waste was placed in the pits has reduced the inventories of
cobalt-60, promethium-137, and ruthenium-103 and 106 to about 5 millicuries.
Only cesium-137 and strontium-90 are expected to be present in measurable
amounts.

B-59

TE

TE



TE

TC

TE

TE

TC

TE

Table B-13. Estimated Radionuclide Inventory in Bingham Pump
Outage Pits in R-, K-, L-, and P-Areas®

Radionuclide At burial (Ci) At present (mCi)
Cobalt-60 0.172 5
Strontium-90 0.112 60
Cesium—137 0.414 220
Promethium-147 0.172 0.1
Ruthenium-103, -106 0.130 1 x10°°

>Source: Pekkala, Jewell, Holmes, and Marine, 1987a.

B.4.2.2 R-Area Bingham Pump Qutage Pit (643-9G)

Bingham pump outage pit 643-9G is the smallest of three inactive pits outside
the R-Area perimeter fence (Figure B-8). Section B.4.2,1 discusses the his-
tory of disposal, evidence of contamination, and waste characteristics of all
three pits.

B.4.2.3 R-Area Bingham Pump Outage Pit (643-10G)

Bingham pump outage pit 643-10G is the largest of the three inactive pits out-
side the R=Area perimeter fence (Figure B-8). Section B.4.2.1 discusses theé
history of disposal, evidence of contamination, and waste characteristics of
all three pits.

B.4.2.4 R-Area Reactor Seepage Basins (904-57G, 904-58G, 904-59G, 904-60G,
904-103G, and 904-104G)

Six inactive and backfilled reactor seepage basins lie outside the R-Area
perimeter fence (Figure B-8), Table B-14 lists their physical dimensions.
The basins were constructed by excavating below grade and backfilling around
the sides at grade level to form earthen dike walls. The depths varied
according to estimated needs. The basins did not overflow; rather, water was
released to the environment by evaporation and seepage. This section
discusses the history of disposal, evidence of contamination, and waste
characteristics of all six R-Area seepage basins (Pekkala, Jewell, Holmes, and
Marine, 1987b).

History of Waste Disposal

Since 1957, earthen seepage basins have been used routinely and almost exclu-
sively at the SRP for the disposal of low-level radioactive purge water from
the reactor disassembly basins. This water purge is necessary to keep the
tritium concentration in the disassembly-basin water at a level that ensures.
safe working conditions. Fourteen seepage basins in the reactor areas have
received disassembly purge water (Stone and Christensen, 1983). Six of these
basins are in R-Area. '
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Table B-14. Locations and Dimensions of R-Area Reactqr Seepage Basins®

Dimensions
Basin Building Volume (m*) (L xWxD, m)

1 904-103G 2.0 x 10° 120 x 9 x 3
2 904-104G 2.0 x 10° 40 x 14 x 3
3 904-576G 1.7 x 10° 90 x 9 x 3
4 904-58G 2.1 x 10° 93 x 11 x 3
5 904-59G 2.3 x 10° 90 x 12 x 3
6 904-60G 6.2 x 10° 150 x 14 x 5

?Source: Pekkala, Jewell, Holmes, and Marine, 1987b.

In R-Area, basin 1 went into service in June 1957 and began receiving low-
level radiocactive purge water. Beginning in November 1957, the R-Area seepage
basins received approximately 200 curies of strontium-90 and 1000 curies of
cesium~137 after the failure of an experimental fuel element during a calori-
meter test in the emergency section of the disassembly basin. A large portion
of this radioactivity was contained in basin 1. {Basins 2 through 6 wént into
operation after the incident.) Basin 1 was deactivated and backfilled in
January 1958 because of surface outcrop and leakage to an abandoned sewer sys-—
tem. In 1960, basins 2 through 5 were deactivated and backfilled. The ground
surface above the five basing was treated with herbicide and covered with
asphalt. In addition, a kaolinite dike {down to the clay layer) was construc-
ted around basin 1 and the northwest end of basin 3 to contain lateral move-
ment of the radiocactive contamination. Basin 6 was last used in 1964 and was
backfilled in 1977,

Evidence of Contamination

Table B-15 lists the results of analyses of soil in and beneath the backfilled
basins in R-Area. Five so0il cores were collected in basin 1. One core each
was collected from basins 2, 3, 4, and 5. Except for that from basin 3, the
cores were centered on the zone beneath the basin that exhibited the highest
radiation levels. The maximum radiation level was found in a narrow zone near
the bottom of the backfilled basin; only minimal migration occurred below this
interface.

Cesium-137 was the only gamma-emitter detected in the R-Area basins, As indi-
cated in Table B-16, a maximum concentration of ‘8000 nanocuries per gram of
soil (dry) was found in a segment of the core taken near the inlet discharge
of basin 1. The greatest concentration of strontium-90, 41 nanocuries per
gram, also was found in basin 1. According to radioassay results from a lim-
ited number of soil samples, basin 1 contains approximately 90 percent of the
cesium—137 and 50 percent of the strontium~90 in the basin system.

Groundwater monitoring at the R-Area reactor seepage basins began in 1958,
when 39 wells were drilled. Strontium-90 was first detected in groundwater
shortly after the basins received purge water from the emergency section of
the disassembly basin following the failure of an experimental fuel element in
a calorimeter test in November 1957. Because of the differing stratigraphy of
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Table B-15. Radionuclides in R-Area Reactor
Seepage Basin Soils
[nCi/g soil (dry)]®

Basin Cesium-137, max. Strontium-90, max.
1 8000 41
2 810 12
3° 0.34 <0.1
4 23 0.07
5 27 2.1

*Source: Pekkala, Jewell, Holmes, and Marine,
1987b.
®Soil sampled above maximum zone of contamination.

Table B-16. Radioactive Releases
to R-Area Reactor
Seepage Basins (Ci)®'®

Isotope Release
Tritium® 2.0 x 10°
Cobalt-60 7.2 x 107°¢
Strontium-90 1.0 x 10?2
Ruthenium—103, -106 5.5 x 10°°%
Cesium-137 4.7 x 10°
Promethium-147 2.0 x 107°
Plutonium—239 3.0 x 107"

%Source: Pekkala, Jewell, Holmes, and
Marine, 1986b.

®Values cumulative through 1985; values
decay-corrected.

‘Most tritium believed to have left
basins via atmosphere or groundwater.

the soils in which the basins were excavated, rapid movement of radioactivity
from the basins to the groundwater was confined to the north end of basin 3
and the east end of basin 5.

In 1975, a substantial increase in strontium-90 activity (3400 picocuries per
liter) occurred in a groundwater monitoring well on the east side of basin 1.
Investigation revealed that the source of the contamination was migration
through a construction sewer line that had been abandoned after the completion
?f R-Area. The sewer line traversed the basin 1 area. Additional wells were
installed in 1976 and 1977 southeast of basin 1, but no further movement of
contamination has been observed.
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Only negligible amounts of tritium are believed to remain at the R-Area
basins.. Normally, significant amounts of alpha-emitting nuclides are not dis-—
charged to reactor seepage basins. However, the basin system in R-Area might
have received a small amount of plutonium in 1957 as a result of a fuel ele-
ment failure during a calorimeter test. The estimated amount of plutonium
discharge to the R-Area basins is 3 x 10~' curie. Essentially all of this
plutonium would remain as current inventory.

Waste Characterization

Although many different radionuclides have been discharged to the R-Area reac~
tor seepage basins, almost all of the radiocactivity is due to tritium,
strontium-90, and cesium-137. Table B-16 lists the inventory of radionuclides
released to the seepage basins (corrected for radiocactive decay through
December 31, 1984). No significant amount of chemical contaminants is
believed to have been discharged to the seepage basins.

Table B-17 lists yearly purge volumes from 1957 through 1964, when R-Reactor
went on standby status.

Table B-17. Total Volume of
Water Purged to
R-Area Reactor
Seepage Basins

(liters)?

Year Release

1957 6.813 x 10°
1958 6.015 x 10°®
1959 7.570 x 10°
1960 7.570 x 10°
1961 1.136 x 10°
1962 8.500 x 10°
1963 1.136 x 10°
1964° 7.570 x 10°
“Source: Pekkala, Jewell,

Holmes, and Marine, 1987b.
"R-Reactor has been in stand-
by status since mid-1964.

B.4.3 MAJOR GEOHYDROLOGIC CHARACTERISTICS

Waste sites in the R-Area geographic grouping are on the Aiken Plateau near
the topographic divide between the headwaters of Mill Creek {a tributary of
Upper Three Runs Creek) to the north and the drainage to Par Pond to the
east, Site-specific geohydrologic information is not available for this areaj
however, this EIS assumes that the subsurface geology is similar to that near
F- and H-Areas {(Appendix A), where much of the geohydrologic data on the SRP
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has been collected. A possible difference between the two areas is the
vertical-head relationships of the .Congaree and Middendorf/Black Creek
(Tuscaloosa) Formations, as shown in Figure B-9. Recent evidence suggests
that the wvertical head relationships have changed and that the head reversal
in the H-Area may currently be absent (Bledsoe, 1987). (See Figure A-~7.)

Figure B-9 shows- that the head in the Middendorf/Black Creek is lower than
that in the Congaree for the general area of the R-Area geographic grouping,
whereas in the central portion of" the Plant a head reversal exists between the
Middendorf/Black Creek and Congaree (higher head in the Middendorf/Black
Creek). Conseguently, contaminants could eater the Congaree from'R—Area‘waste
sites and migrate intgo the Middendorf/Black Creek aquifer (Pekkala, Jewell,
Holwes, and Marine, 1987b). The head difference map 1is constructed by
subtracting two piezometric maps for which data are somewhat sparse. Thus,
the map is useful for indicating general areas of expected head relationships,
but it might not be accurate on a site-specific basis.

Figure B-10 is a map of the local water table constructed from data on moni-
toring wells near R-Area. The natural discharge from the water table is to
‘Mill Creek and several unnamed tributaries of Par Pond. The depth to the
water table from the ground surface ranges from 6 to 9 meters near the R-Area
seepage basins. The hydraulic gradient toward Mill Creek ranges from 0.006 to
0.009 meter per meter. (See the Glossary.)

B.4.4 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at 9 of the 12 waste management facili-
ties in the R-Area geographic grouping. Well-water samples are analyzed quar-
terly for RCRA and SCHWMR parameters at hazardous waste management
facilities. Typically, the wells are monitored for gross alpha, gross nonvol-
atile beta, and tritium at low-level waste management facilities. At least 56
wells in this geographic area are used to monitor groundwater in the vicinity
of the 12 facilities. DOE plans additional wells to obtain a better defini-
tion of subsurface conditions and contaminant transport.

Waste site characterization programs have been completed at 7 of the 12 facil-
ities and are being implemented at 2 others. Characterization generally
includes representative sampling of the waste, the soil and sediment under the

waste site, and the soil and sediment around overflow ditches and process
sewers.

Table B-18 1lists the monitoring wells at each waste .management facility, the
site investigations that have occurred, and the results of groundwater, soil,
and vegetation monitoring.

B.5 C- and CS-AREA WASTE SITES

This geographic grouping is near the center of the Plant, a short distance
south of F- and H-Areas. As shown in Figure B-11, it is actually two separate
but closely spaced groupings, one formed by waste sites near C-Reactor and the
other containing sites in and around the Central Shops (CS) Area. Tributaries
to Four Mile Creek drain most of the area. The boundaries of this grouping

zre. formed primarily by burning/rubble pits and the Ford Building seepage
asin.
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B.5.1 HAZARDOUS WASTE SITES

B.5.1.1 (S-Area Burning/Rubble Pits (631-1G, 631-5G, and 631-6G)

The three (CS-Area burning/rubble pits are near the central portion of the SRP,
north of (S-Area and south of Road 5. Pit 631-1G is approximately 61 meters
long, 9 meters wide, and 3 meters deep. The two other pits measure 117 meters
by 11 meters by 3 meters, and 88 meters by 9 meters by 3 meters.

History of Waste Disposal

Rubble disposed of at these sites reportedly includes paper, cans, lumber, and
empty galvanized-steel barrels. See Section B.2.1.6.

Evidence of Contamination

See Section B.2.1.5.

Waste Characterization

See Section B.2.1.6.

B.5.1.2 (C-Area Burning/Rubble Pit (131-C)

The C-Area burning/rubble pit is near the central portion of the SRP, north-
west of C-Area and north of Road A-7. The site is roughly 107 meters long,
7.6 meters wide, and 3 meters deep.

History of Waste Disposal

Rubble disposed of at this site reportedly includes paper, wood, concrete,
cans, and empty galvanized steel barrels. See Section B.2.1.6.

Evidence of Contamination

Groundwater monitoring wells were installed at all the burning/rubble pits in
1983 and 1984. Groundwater samples recently obtained from the four wells
associated with this site have displayed elevated levels of total organic hal-
ogens. No sampling and analysis of the soil underlying the pit have been per-
formed to date.

Waste Characterization

Limited data are available on this site. Most of the available raw data have
been gathered via groundwater monitoring (Huber, Johnson, and Marine, 1987).

B.5.1.3 Hydrofluoric Acid Spill Area (631-4G)

The hydrofluoric acid spill area is west of the cement plant in the CS-Area
south of Road 3. The site measures approximately 9 meters by 9 meters.

History of Waste Disposal

Very little is known about the hydrofluoric acid spill area, except that it
predates 1970. The site is identified only by a warning sign indicating the
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presence of a potentially contaminated area. It is uncertain if a spill
occurred at this site, or if contaminated soil or containers are buried there.

Evidence of Contamination

The posted warning sign is the only physical indication at the site that con-
taminants might be present in the subsurface environment. No soil sampling
has been performed to date. Some groundwater sampling data are available from
four monitoring wells surrounding the site.

Waste Characterization

Limited data are available for this site. Most data have been gathered via
groundwater monitoring of four wells that began in January 1985 (Huber and
Bledsoe, 1987a).

The potential for migration of hydrofluoric acid is based largely on the ion-
exchange potential of the so0il environment. In the saturated pore space of
the soil, compartment, hydrofluoric acid would be expected to dissociate and
behave like a weak acid (Ka: 6.4 x 107*). The fluoride ions would be sub-
ject to reactions with colloid-size particles having the capability to
exchange ionic constituents adsorbed on the particle surfaces.

Ion—exchange mechanisms (dissolution and precipitation) occur dynamically in
the soil, and some fluoride ions probably can be found in solution owing to
their displacement by other anionic species (i.e., carbonate and bicarbo-
nate). Soil pH is a factor in ion-exchange selectivity. The data collected
from groundwater sources near the hydrofluoric acid spill area indicate that
fluoride ions are present, either in solution or adsorbed on colloidal parti-
cles (fluoride was detected in four of eight samples, at an average concentra-
tion of 0.15 milligram per liter).

Accordingly, there is a potential for groundwater transport of fluoride ions,
by advection. However, because groundwater flow through the porous medium
wills introduce more sites for ion exchange, some permanent adsorption of
fluoride ions probably gill occur. In acidic conditions, attenuation of the
fluoride concentration in the groundwater can be expected. Consequently,
while migration of fluoride ions will occur, given the relatively low concen-
trations detected in the groundwater to date (maximum concentration: 0.17
milligram per liter), the attenuation mechanism can be expected to prevailj
fluoride concentrations should decrease with increasing distance from the
spill area.

B.5.2 LOW-LEVEL RADIQACTIVE WASTE SITE

The Ford Building waste site (643-11G) is north of the Ford Building in the
CS-Area (Figure B-11). The site is rectangular, measuring approximately 7
meters by 52 meters. The following paragraphs discuss the waste site disposal

history, evidence of contamination, and waste characteristics (Huber et al.,
1987).
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History of Waste Disposal

The site origin and history are uncertain. The site is chained on three sides
and identified by a regulated area sign and a "Clean Pans Only" sign. Beyond
the chained area are pieces of lumber and a load lugger pan containing soiled
rubber gloves. Qutside the chained area are weathered shoe covers, step-off
pads, and coveralls. Regulated work might have been performed there and the
site improperly cleaned.

Evidence of Contamination

Soil characterization studies have not been performed and no monitoring wells
have been installed specifically for this , waste site. Monitoring wells for
the Fire Department training facility and the Ford Building seepage basin are
nearby. These wells are all crossgradient from the waste site, and are too
far distant from the flow path of groundwater beneath the Ford Building waste
site to be of value in monitoring groundwater conditions at this site.

Waste Characterization

Evidence indicates that regulated work might have been performed at the site,
and protective clothing worn by the personnel was improperly disposed of. An
0il line from the Ford Building ruptured in the wvicinity of the waste site
during the 1%970s, releasing unknown quantities of oil.

B.5.3 MIXED WASTE SITE

The Ford Building seepage basin (904-91G) is in the CS-Area (Figure B-11). It
is rectangular in shape and has an approximate 600 cubic meters capacity. The
following sections discuss the history of disposal, evidence of contaminatiom,
and waste characteristics of the basin (Pekkala, Jewell, Holmes, Simmons, and
Marine, 1987).

History of Waste Disposal

The Ford Building was used to repair the SRP's slightly contaminated process
equipment. Highly contaminated equipment requiring repair was decontaminated
in the individual custcdial area before being transported to the Ford Build-
ing. Because of the contamination, wastewater generated at the Ford Building
during the equipment repair work also contained low levels of contamination.
Consequently, the wastewater was drained into a 23,000-liter retention tank
adjacent to the Ford Building for sampling and radiocanalysis. Then it was
either released into the seepage basin or sent to Waste Management Operations
(WMO) for concentration and disposal.

The purchase of new heat—exchanger heads for the reactor buildings reduced the
need for heat-exchanger repairs, and the Ford Building seepage basin was
retired in 1984, The basin is now dry except for occasionally impounded
rainwater. Presently, wastewater generated in the Ford Building is removed
for concentration, dispesal, or storage.
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Evidence of Contamination

In 1985, a comprehensive soil sampling and analysis program was performed to
characterize sediment from the floor and walls of the Ford Building seepage
basin, as well as sediment beneath the underground pipeline from the retention
tank to the basin. Inside the basin, the concentration levels of cesium-137,
cobalt-60, and strontium-90 are significantly above background. Along the
pipeline, only strontium—-90 shows elevated concentration levels. Along the
basin walls, none of the radionuclides show elevated concentration levels.

The concentration profiles for most metals and inorganics in the basin floor
dropped rapidly to background within the first 0.6 meter of soil depth. The
metals with elevated concentration levels (i.e., greater than 2 times back-
ground) in the top 8 centimeters of basin soil are aluminum, cadmium, chro-
mium, copper, iron, mercury, nickel, selenium, and zinec. In the so0il beneath
the pipeline, aluminum, arsenic, cadmium, chromium, and iron have elevated
concentration levels. The inorganic ions with elevated concentration levels
in the top 8 centimeters of basin soil are ammonia, nitrogen, fluoride, sul-
fate, and total phosphates. Along the pipeline, only total phosphate levels
are elevated. Along the basin walls, none of the inorganic ions show elevated
concentration levels. No significant concentrations of organics were detected
in the basin floor and walls or beneath the pipeline.

Three monitoring wells are near the Ford Building seepage basin. A statisti-
cal analysis of groundwater monitoring data indicates that levels of nitrate,
mercury, and lead are elevated. However, the concentrations of these constit-
uents remain below maximum contaminant levels.

Waste Characterization

Table B-19 is an inventory of the radionuclides released intoc the basin from
1964 to 1984, including the 1984 decay corrections. In addition to radio-
nuclides, trace amounts of surfactants, oils, and grease might have been added
to the wastewater stream. Through the end of 1984, the basin received 1,440
cubic meters of wastewater.

Table B-19. Radioactive Releases to Ford Building
Seepage Basin, 1964-1984 (Ci)?

Isotope Original release Decay corrected, 1984
Tritium 4.7 x 10° 1.6 x 10°
Cobalt-60 6.9 x 10°° 5.1 x 107°
Strontium-90 7.4 x 107° 7.0 x 10°°
Cesium-137 2.4 x 10°° 2.4 x 10”°
Alpha

(unidentified) 4.9 x 107° 4,9000 x 107°

®Source: Pekkala, Jewell, Holmes, Simmons, and Marine, 1987,



B.5.4 MAJOR GEOHYDROLOGIC CHARACTERISTICS

Waste sites in the C- and CS-Areas geographic grouping are on the Aiken Pla-
teau between a tributary of Four Mile Creek and Pen Branch. Site-specific
geohydrologic data for this area are sparse; the geohydrologic characteristics
probably are similar to those in the F- and H-Areas geographic grouping (3.2
kilometers mnorth). Appendixes A and B (Sections A.2 and B.3.4) discuss the
geohydrology of the central portion of the Plant. Recent evidence suggests
that a portion of the (S-Area may currently lie in a region of no head
reversal (Bledsoe, 1987).

Three water supply wells are in the Central Shops area. They are located in
the Middendorf/Black Creek (Tuscaloosa) Formation (904-83G), in the McBean
(705-72G), and in both the McBean and the Middendorf/Black Creek (905-71G).
Figure B-12 shows a log of well 905-71¢G. 0f particular geohydrologic
significance are the three major confining beds discussed in Appendix A (i.e.,
the tan clay, the green clay, and the Ellenton Formation). Although no
site-specific information on vertical head gradients is availaple, this EIS
assumes the head relationships are similar to those in F- and H-Areas (Section
B.3.4). Hydraulic heads decline with depth down to the Congaree Formation,
then reverse and increase with depth in the Middendorf/Black Creek.

Figure B-13 is a water—table map for C-Area. The natural groundwater dis-
charge from the Barnwell and McBean Formations near the Ford Building waste
site is believed to be to Pen Branch. The discharge from the Congaree is
probably to the Savannah River (e.g., to the southwest) along a gradient of
about 0.002 meter per meter (Huber et al., 1987). The water—table at the Ford
Building waste site is about 14.6 meters below ground level.

B.5.5 ONGQING AND PLANNED MONITORING

Groundwater monitoring is under way at six of the seven waste management
facilities in the C- and CS-Area geographic grouping. Well-water -samples are
analyzed quarterly at hazardous and mixed waste management facilities for RCRA
and SCHWMR parameters. Typically, wells are monitored for gross alpha, gross
nonvolatile beta, and tritium at low-level waste management facilities. In
this geographic area, 15 wells are used to monitor groundwater. DOE plans
additional wells for subsurface conditions and contaminant transport.

Characterization generally includes representative sampling of the waste, the
soil and sediment under the waste site, and the soil and sediment around over-
flow ditches and process sewers.

Table B-20 lists the representative monitoring wells at each waste management

facility, the site investigations, and the results of groundwater, soil, and
vegetation monitoring.

B.6 TNX-AREA WASTE SITES

The TNX-Area geographic grouping is approximately 7 kilometers southwest of
C-Reactor along Road 3 and about 15 kilometers south of A-Area in the south-
west portion of the Plant. Drainage is to the Savannah River, which forms
part of the western boundary of the area. The TNX facilities and portions of
the D-Area coal-fired powerhouse are in this grouping. The old TINX seepage
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basin and the D-Area burning/rubble pits define the boundaries of this
geographic grouping. Figure B-14 shows the locations of the five waste sites
described in the following sections.

B.6.1 HAZARDOUS WASTE SITE
The D-Area burning/rubble pits are near the western perimeter of the Savannah
River Plant, west of D-Area and east of Road A-4.7. The site configuration is

a trapezoidal area of approximately 7000 square meters.

History of Waste Disposal

Rubble waste disposed of at these pits reportedly included concrete, metal,
lumber, and telephone poles. See Section B.2.1.6.

Evidence of Contamination

See Section B.2.1.6.

Waste Characterization

See Seption B.2.1.6.
B.6.2 LOW-LEVEL RADIOACTIVE WASTE SITE

The TNX burying ground is part of the TNX facility east of the Savannah River
on the terrace known as the Ellenton Plain. The burying ground consists of
three known areas on a bluff 45 meters above the Savannah River swamp. The
sites known to contain radioactive waste are (1) an area beneath a transformer
pad by Building 673-T, (2) a rectangular area beneath Building 711-T, and
(3) an L-shaped area beneath Office Trailer Building 676-8T. A fourth area is
believed to be east of Building 673-T. The SRP boundary nearest any of the
burial sites is the Savannah River, approximately 396 meters west. The fol-
lowing sections discuss the history of waste disposal, evidence of contamina-
tion, and waste characteristics of the sites (Dunaway, Johnson, Kingley,
Simmons, and Bledsoe, 1987a).

History of Waste Disposal

In 1953, an experimental evaporator containing approximately 590 kilograms of
uranyl nitraté exploded at the TNX facility. Because the SRP radioactive
waste burial ground (Building 643-G) was not in operation, debris from the
explosion was collected and buried at the TNX burying ground (Building
643-5G). The waste included such materials as conduit, drums, tin, and struc-
tural steel. The site also received other waste, primarily depleted uranium
characteristic of that generated at the process facility. No material was

buried at the site after the SRP radicactive waste burial ground became
operatiomnal,

Most of the material was excavated and sent to the SRP burial ground between
1980 and 1984, The remaining TNX burying sites are beneath asphalt, build-
ings, and transformer pads at depths of approximately 1.8 to 2.4 meters. An
estimated 27 kilograms of uranyl nitrate remain buried. This is approximately
5 percent of the initial buried amount.
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Evidence of Contamination

Uranyl nitrate is a possible contaminant of the soils surrounding the TNX
burying ground, but no sediment data are available to confirm this possibil-
ity. There are no groundwater-monitoring wells in the immediate vicinity of
the burying ground. Wells YSB 1A through &4A, around the new TNX seepage
basin, are approximately 210 meters east; wells XSB 1 through 4, around the
old TNX seepage basin, are approximately 91 meters west. Sections B.6.3.1 and
B.6.3.2 discuss groundwater-monitoring data for these wells.

Waste Characterization

The original waste consists of conduit, drums, tin, and structural steel con-
taminated with uranyl nitrate. The site has alsc received depleted uranium
characteristic of that generated from the process facility, as well as other
undescribed waste.

B.6.3 MIXED WASTE SITES

B.6.3.1 TNX Seepage Basin — 0ld (904--76G)

The old TNX seepage basin is in the southwestern section of the TNX facility
(Figure B-14). The basin was constructed in two sections: an inlet section

. . .
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The following sections describe the history of waste disposal, evidence of
contamination, and waste characteristics at the seepage basin (Dunaway,
Johnson, Kingley, Simmons, Bledsoe, and Smith, 1987; Simmons, Bledsce, and
Bransford, 1985).

History of Waste Disposal

The old TNX seepage basin was built in 1958 to receive wastewater from pilot-
scale tests conducted at TNX in support of the Defense Waste Processing Facil-
ity (DWPF} and the Separations Areas (Dunaway, Johnson, Kingley, Simmons,
Bledsce, and Smith, 1987). In 1980, the basin was closed, and the wastewater
flow to the basin was diverted to the new TNX seepage basin (Section
B.6.3.2). When it was in operation, the old basin received process wastewater
through an underground vitrified pipeline 20 centimeters in diameter. This
pipeline entered the basin through the north wall of the settling section. A
l3-centimeter weir permitted effluent from the settling section to flow into
the main section. A weir of comparable size across the west wall of the main
section directed basin overflow down into the nearby TNX swamp along Qutfall
X-2. During the basin's 22-year loading history, its overflow has created an
outfall delta about 30 meters wide inside the swamp.

In 1981, the west wall of the basin was breached to drain the standing free
waters into the adjacent wetlands. The basin was backfilled with a sand and
clay mixture. Currently, part of the top of the old basin is paved with

asphalt. Office Trailer Building 675-7T is on this pavement beside an equip-:

ment laydown area. Vegetation near the basin and outside the TNX security
fence primarily consists of sparse-to-thick woods. Vegetation inside the
fence is primarily centipede grass.
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Evidence of Contamination

In 1984, a program was Dbegun that defined the extent of chemical and
radionuclide contamination in the vicinity of the old TNX seepage basin. This
program included sampling and analyses of sediment from beneath the basin and
continued sampling of the groundwater from seven monitoring wells.

The sampling detected curium-243, curium-244, plutonium-239, plutonium-240,
radium-228, thorium-228, uranium-235, silver, chromium, copper, mercury,
nickel, and cyanide in the basin sediment. These constituents were concen-
trated in the northeastern section of the basin within the top 61 centimeters
of bottom sediment.

Groundwater monitoring results indicate that mercury, manganese, nickel, total
organic halogens, and nitrate are present.

Waste Characterization

Approximately 40 compounds were in use at the TNX facility during the basin's
operation. These compounds probably were sent to the basin at some time dur-
ing its 22-year loading history. Among the significant wastes discharged to
the basin were mercury and depleted uranium.

B.6.3.2 TNX Seepage Basin — New (904-102G)

The new TNX seepage basin is in the southeastern section of the TNX facility
(Figure B-14). The basin consists of a small inlet section and a large seep-
age section. An underground pipe connects the two rectangular sections that
encompass approximately 1620 square meters of land. A pipe through the south-
east wall of the larger section directs the basin overflow down Qutfall X-13.
This outfall eventually empties into the Savannah River. The following sec-
tions describe the history of waste disposal, evidence of contamination, and
waste characteristics at the seepage basin (Dunaway, Johnson, Kingley,
Simmons, and Bledsoe, 1987b).

History of Waste Disposal

The new TNX seepage basin, operating since 1980, replaced the old basin (Sec-
tion B.6.3.1). It receives process wastewater from pilot-scale tests conduc—
ted at the TNX facility in support of the DWPF and the Separations Areas.
Batch discharges are neutralized before release to the basin. The basin is
scheduled for closure in the third quarter of 1987 when the TNX Effluent
Treatment Plant begins operation. The closure of the basin will follow appli-
cable Federal and State regulations.

Evidence of Contamination

S0il samples were collected from cores beneath and adjacent to the basin dur-
ing the fourth quarter of 1985. Analytical results indicate that no signifi-
cant organic contamination exists in any of the sediments sampled. Phenol and
thorium were detected at low concentrations in one layer of the sediment cores
outside the basin. Barium, nickel, chromium, lead, nitrates, phosphate, and
sodium were detected in the top 0.15 meter of sediment.
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Four groundwater monitoring wells have been installed around the naw TNX seep-
age basin. These wells are sampled quarterly and analyzed for nutrients,
anions, metals, organics, radicactivity, and standard constituents.

Waste Characterization

Most of the wastewater sent to the basin after 1983 contains simulated non-
radioactive DWPF sludge and other laboratory chemicals. Before 1983, simulat-
ed nonradiocactive salt supernate was sent to the basin. Tables B-21 and B-22
list the composition. of the siudge and supernate, respectively, and Tables
B-23 and B-24 provide chemical analyses of the basin influent and effluent,
respectively. The influent and effluent data were obtained from a 1l2-week
characterization program initiated in January 1984. Average effluent flow
rates are not available.

Table B-21. Composition of Simulated DWPF
Sludge (percent)?

Component Weight
Ferric hydroxide 43,19
Aluminum hydroxide 17.81
Silicon dioxide 4.94
Manganese dioxide 7.41
Sodium hydroxide 4.43
Zeolite® 4.87
Sodium nitrate 4.43
Calcium carbonate ) 5.66
Nickel hydroxide 3.42
Other chemicals 3.84

®Source: Dunaway, Johnson, Kingley, Simmons,
and Bledsce, 1987b.
"Linde Ion-Siv IE-95.

B.6.4 MAJOR GEQOHYDROLOGIC CHARACTERISTICS

The near-surface geology of the TNX Area geographic grouping consists of
river-terrace deposits of sand, silt, and clay, typically with a significant
organic content. These materials are underlain successively by Tertiary sedi-
ments, which are difficult to distinguish, and the Ellenton and Middendorf/
Black Creek (Tuscaloosa) Formations. Figure B-15 shows the stratigraphy in
the vicinity of the old TNX seepage basin inferred from lithologic and geophy-
sical logs developed for a nearby well (XSB-3T). In the central portion of
the Plant, the McBean and Congaree Formations are separated by a confining
layer described as the green clay (Appendix A).

A detailed water-table map is not available for the area. The natural dis-

charge for the water-table aquifer is to the Savannah River swamp. The verti-
cal head relationships in this area are similar to those in the F-Area where
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Table B-22. Chemical Composition of Simulated
Salt Supernate (percent)?

Component Weight
Sodium nitrate 41.6
Sodium nitrite 14.8
Sodium aluminate 9.10
Sodium hydroxide 15.06
Sodium carbonate 6.55
Sodium sulfate 8.34

®Source: Dunaway, Johnson, Kingley, Simmons,
and Bledsoe, 1987b.

a,h

Table B-23. Analysis of TNX Seepage Basin Influent

Number of

Parameter Units Average Maximum Minimum samples
BODs mg/liter 40 311 6 56
TSS mg/liter 35 296 1 53
TDS mg/liter 124 BO4 54 36
TOC mg/liter 13 86 <5 57
Grease and

oil mg/liter <5 7 <5 8
pH pH 7.5-8.0 12.3 2.2 1018°
Flow rate m*/min 0.099 0.33 0.0038 1018°

®Source: Dunaway, Johnson, Kingley, Simmons, and Bledsoe, 1987b.

"Yalues obtained from 24-hour, flow-weighted, composite samples collected
from 676-3T manhole.

“Hourly.

the head in the Middendorf/Black Creek is consistently ahbove that of the
Congaree. Thus, water cannct move from the Congaree to the Middendorf/Black
Creek Formation. The piezometric surface of the '"Tuscaloosa™ in the wvicinity
of the TNX facility is commonly above the land surface (Dunaway, Johnson,
Kingley, Simmons, and Bledsoe, 1987a). There are no available data on the
hydraulic properties of the geologic strata underlying the TNX-Area waste
sites.

B.6.5 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at four of the five waste management
facilities in the TNX-Area geographic grouping. Well-water samples are ana-
lyzed quarterly for RCRA and SCHWMR parameters at hazardous and mixed waste
management facilities. Typically, wells are monitored for gross alpha, gross
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Table B-24, Analysis of TNX Seepage Basin Effluent®’®

Number of
Parameter Units Average Maximum Minimum samples
BOD, mg/liter 29 133 <6 37
TSS mg/liter 33 108 5 37
TDS mg/liter 113 168 40 34
TOC mg/liter 10 17 <5 37
Grease and
oil mg/liter <5 5 4 10
pH pH 9.8 11.6 7.5 35

“Source: Dunaway, Johnson, Kingley, Simmons, and Bledsoe, 1987b.
"Values from grab samples of basin overflow at Outfall X-13.

nonvolatile beta, and tritium at low-level waste management facilities. 1In
this geographic area, 15 wells are used to monitor groundwater. DOE plans
additional wells to obtain a better definition of subsurface conditions and
contaminant transport.

Waste site characterization programs are completed at two of the facilities
and are being implemented at two others. Characterization generally includes
representative sampling of the waste, the so0il and sediment under the waste
site, and the soil and sediment around overflow ditches and process sewers.

Table B-25 lists the representative monitoring wells at each waste management

facility, the site investigations that have occurred, and the results of
groundwater, soil, and vegetation monitoring.

B.7 D-AREA WASTE SITES

This geographic grouping is approximately 1000 meters west of Road A (South
Carolina Highway 125) and 1200 meters north of the D-Area steam plant (Figure
B-14).

B.7.1 HAZARDOUS WASTE SITE

B.7.1.1 D-~Area Waste 0il Basin (631-G)

The D-Area waste o0il basin is in the western portion of the Plant, north of
D-Area and west of Road A. The basin is approximately 117 meters long, 16
meters wide, and 2 meters deep.

History of Waste Disposal

The D-Area waste o0il basin began receiving waste oil products from D-Area in
1952. This oil might have been contaminated with hydrogen sulfide. Other
liquids potentially contaminated with toxic chemicals were brought to the oil
basin. In 1973, when burning waste o0il ceased plantwide, waste oils not

B-85

TE

TC

TE

TE

TE



TC

TC

TC

TC

acceptable for powerhouse incineration were deposited in the basin. The basin
possibly received waste oil containing chlorinated organic compounds and other
organics (Huber, Johnson, and Bledsce, 1987). The basin was closed in January
1975 and was backfilled with soil. Approximately 0.3 meter of standing oil
remained in the basin when it was backfilled.

Evidence of Contamination

Sampling and analysis of the soils beneath the basin have not been performed;
however, the intention to do so in the future is documented. Three grcund-
water monitoring wells were installed near the basin in-May 1983, and ground-
water sampling began in March 1984. A fourth groundwater monitoring well was
installed in June 1984. Based on groundwater monitoring results, tetra-
chloroethylene was selected for environmental assessment (Huber, Johnson, and
Bledsoe, 1987).

Waste Characterization

Limited information is available on the nature and extent of contamination
associated with the D-Area o0il seepage basin. Historic data indicate oily
wastes were deposited in large volumes, and some might have been contaminated
with chlorinated compounds and other toxic chemicals. '

B.7.2 MAJOR GEOHYDROLOGIC CHARACTERISTICS

The D-Area waste oil basin is located on a terrace deposit of the Savannah
River. These sands, silts, and clays are 6 to 12 meters thick and blanket the
underlying Tertiary deposits (COE, 1952), No detailed geologic data are
available for the immediate area; however, the subsurface geology should be
similar to the hydrostratigraphy of the nearby TNX basins (Section B.6.4). A
U.S5. Army Corps of Engineers study in D-Area (COE, 1952) indicates that a cal-
carecus zone, a zone of low penetration resistance and high drill-mud 1loss,
occurs between an elevation of 35 and 21 meters.

Four RCRA-type monitoring wells have been installed near the basin at depths
of 10.7 to 12.8 meters from the ground surface. The water table in these
wells has a depth of about 6 meters. The natural discharge from the water-
table aquifer is to the Savannah River swamp. The higher piezometric surface
in the Congaree and Middendorf/Black Creek (Tuscaloosa) aquifers at this loca-
tion indicates that the hydraulic gradient of groundwater in confined aquifers
is upward. Groundwater movement is downward in the water table (Huber,
Johnson, and Bledsce, 1987).

B.7.3 ONGOING AND PLANNED MONITORING
Groundwater monitoring is proceeding at the single waste-management facility

in the D-Area geographic grouping. Four wells are used to monitor groundwater
near this facility. Well-water samples are analyzed quarterly for RCRA and

' SCHWMR parameters.

A waste site characterization program is being implemented at the facility.
Characterization generally includes representative sampling of the waste, the
soil and sediment under the waste site, and the soil and sediment around over-
flow ditches and process sewers.
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Table B-26 lists the representative monitoring wells at the waste management
facility, the site investigations that have occurred, and the results of
groundwater, soil, and vegetation monitoring.

B.8 ROAD A AREA WASTE SITE

This geographic grouping is approximately 400 meters southwest of Road A near
the Road 6 intersection (Figure B-16). It is about 3 kilometers east of TNX
and D-Area facilities.

B.8.1 MIXED WASTE SITE

B.8.1.1 Road A Chemical Basin (904-111G)

The Road A chemical basin is also known as the Baxley Road dump. It is
approximately 800 meters west of the intersection of SRP Roads A and 6 (Fig-
ure B~16). The original basin was irregular in shape with average side dimen-
sions of approximately 30 meters by 53 meters. The following sections
describe the history of disposal, evidence of contamination, and waste char-
acteristics at the basin (Pickett, Muska, and Bledsoe, 1987).

History of Waste Disposal

The history of disposal at the Road A chemical basin is vague. The basin was
closed and backfilled in 1973. An area significantly larger than the original
basin was graded and revegetated with vetch (Sericea lespedeza)}. The regraded
area, about 3.6 acres, is surrounded by pines and hardwoods with a large stand
of bottomland hardwood approximately 200 meters downslope.

Evidence of Contamination

No characterization studies of the soils beneath or around the basin have been

naanrmarl Tha analvtircal v-er_!n'l te fFfroam fFfounr manitarinoe woll
Hc de AF L AR F o YL ul-l-u].: LR T+ S =A== Sy~ ) A Ly Lwad Yy

. .
a 1indircates that
BRI/ LA K WL AL b Y e A A e AN e b B b e L = g

jer i) HH

lead is the only constituent that is significantly elevated in a downgradient
well.

Waste Characterization

The nature and quantities of materials disposed in the basin are not known. A
1983 report lists the contents as miscellaneous radicactive and chemical aque-
ous wastes (Ross and Green, 1983). Based on slightly elevated levels in
monitoring wells, lead and wuranium-238 were selected for environmental
analysis.

B.8.2 MAJOR GEOHYDROLOGIC CHARACTERISTICS

The Road A chemical basin is on the Aiken Plateau close to the escarpment that
separates the Plateau from the Ellenton Plain. The ground surface in the
basin area slopes toward the Ellenton Plain at a gradient of about 0.08 meter
per meter. Four Mile Creek, Pen Branch, and the Savannah River are located
approximately 1829 meters northwest, 2134 meters east, and 5486 meters west,
respectively, from the basin site (Pickett, Muska, and Bledsoe, 1987).
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No detailed geologic data are available on the vicinity of the Road A chemical
basin. Four monitoring wells are near the basin} however, these wells are
only about 18 meters deep. The closest borings with good geologic control
include one well (XSB-3T) at the TNX facility, approximately 6 kilometers
west—northwest of the basin (see Section B.6.4), and two wells drilled in
D-Area by the U.S Army Corps of Engineers (COE, 1952). A well cluster (seven
to eight wells) is currently being installec about 2.6 kilometers southeast of
the basin. This well-drilling operation includes a continuously cored
geologic boring at a depth of about 300 meters below the ground surface. The
stratigraphy for this geographic grouping is believed to be similar to that
shown in Figure B-15 for the TNX facility (Section B.6.4). The formational
contacts at the Road A chemical basin would be slightly deeper than those
shown in Figure B-15 because the unconsolidated coastal-plain sediments strike
about N. 60°E and dip to the southeast at about 2 to 4 meters per kilometer,
and the basin is geologically down-dip from well XSB-3T (Siple, 1967).

The water table at the Road A chemical basin is at an elevation of about 52
meters, or a depth of about 9 meters below the ground surface (Pickett, Muska,
and Bledsoe, 1987). The water table is probably within the McBean Formation
and discharges westward to the Savannah River swamp. The natural discharge of
the Congaree Formation is to Pen Branch, the Savannah River, and the marshes
and swamps of the river. The wvertical head relationships for this area are
assumed to be similar to those in the F-Area where Middendorf/Black Creek
(Tuscaloosa) heads are higher than the Congaree heads (Pickett, Muska, and
Bledsoe, 1987). Thus, water discharges from the Middendorf/Black Creek upward
into the overlying sediments in the Savannah River Valley.

B.8.3 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at the single waste management facility
in the Road A Area geographic grouping. Four wells in this geographic area
are used to monitor groundwater in the vicinity of this facility. Well-water
samples are analyzed quarterly for RCRA and SCHWMR parameters.

Table B-27 lists the representative monitoring wells at the waste management
facility, the site investigations, and the results of groundwater, soil, and
vegetation monitoring.

B.9 K-AREA WASTE SITES

The approximate boundaries of the K-Area geographic grouping are Road B on the
south and Road 6 on the northwest. This grouping is formed by waste sites
associated with K-Reactor. Drainage is primarily to Indian Grave Branch, a
tributary of Pen Branch. Figure B-17 locates the waste sites in this grouping
and shows its proximity to the Road A Area waste site.
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B.9.1 HAZARDOUS WASTE SITES

B.9.1.1 EK-Area Burning/Rubble Pit (131-K)

K-Area burning/rubble pit is near the central portion of the Plant, east of
K-Area and between Road 6-4.21 and Road 6-4.2. The site is rectangular,
approximately 71 meters long, 10 meters wide, and 3 meters deep.

History of Waste Disposal

Rubble waste disposed at this site reportedly included paper, lumber, cans,
empty galvanized steel drums, and scrap metal. See Section B.2.1.6.

Evidence of Contamination

See Section B.2.1.6.

Waste Characterization

See Section B.2.1.6.

B.9.1.2 K-Area Acid/Caustic Basin (904-80QG)

The K-Area acid/caustic basin is one of six such basins in the Reactor and
Separations areas. These basins are unlined earthen depressions with nominal
dimensions 15 meters long, 15 meters wide, and 2 meters deep.

History of Waste Disposal

See Section B.3.1.1.

Evidence of Contamination

See Section B.3.1l.1. Identification of the environmental impacts of the
basins is in progress. A program to sample the contents and the soils beneath
the basins is under way. A review of existing data from the monitoring wells
installed around all the basins, except that in H-Area, shows no significant
impacts on groundwater quality; however, some slight increases in sulfate,
conductivity, and pH levels are noted for some of the basins.

Waste Characterization

See Section B.3.1.1.
B.9.2 LOW-LEVEL RADIOACTIVE WASTE SITES

BE.9.2.1 K-Area Bingham Pump Outage Pit (643-1G)

The Bingham pump outage pits are outside the perimeter fences of K-, L-, P-,
and R-Areas near the center of the Plant. They are between 7.2 and 9.8 kilo-
meters from the nearest SRP boundaries. The K-Area pit is 9 kilometers from
the nearest boundary on a gentle slope above a tributary of Indian Grave
Branch 290 meters away. The following sections describe the history of waste



disposal, evidence of contamination, and waste characteristics at the K-Area
Pit (Pekkala, Jewell, Holmes, and Marine, 1987a).

History of Waste Disposal

Normally, all radioactive solid waste generated in the reactor areas is sent
to solid waste burial ground 643-G/643-7G. An exception to this practice was
made during 1957 and 1958 when the reactor areas initiated major modifications
to their primary and secondary cooling water systems. C-Area was the first to
modify, followed by K-, L-, P=-, and R-Areas. The outages became known as the
"Bingham pump outages." No pumps are buried in the waste pits. All radio-
active waste generated was surveyed, and solid waste with very low levels of
surface contamination was buried between May and September 1957 in a pit near
the area. The pit contains miscellaneous construction equipment such as
pipes, cables, ladders, drums, and boxes of miscellaneous hardware (Fenimore
and Horton, 1974). The waste, with a volume of about 7700 cubic meters, was
covered with clean backfill, including a final cover at least 1.2 meters thick.

The K-Area pit has been inactive since 1958; vegetation has grown uncontrol-
lably over it.

Evidence of Contamination

In 1970, radicactivity in samples of vegetation from the surface of the
Bingham pump outage pits was compared with activity in vegetation growing at
the SRP perimeter. The vegetation from the outage pits showed little or no
elevation in activity (Table B-28). There are no nearby monitoring wells to
provide groundwater information on the pits, and there is no history of pit
sediment characterization or core sampling. The bottom of the pit is 12
meters above the water table.

Table B-28. Radioactivity in Vegetation at Bingham Pump
Outage Pits and at Plant Boundary (pCi/g)

Alpha Nonvolatile beta
Plant Plant
Pits boundary Pits boundary

Area Facility Avg. Max. Avg. Max. Avg. Max. Avg. Max.1

K 643-1G 0.2 0.3 0.2 0.6 28 34 21 31
L 643-2G 0.8 1.8 0.2 0.6 35 48 21 31
L 643-3G 0.8 1.8 0.2 0.6 35 48 21 31
P 643-4G 0.4 0.6 0.2 0.6 23 27 21 31
R 643-8G 0.2 0.5 0.2 0.6 37 51 21 31
R 643-9G 0.2 0.5 0.2 0.6 37 51 21 31
R 643-10G 0.2 0.5 0.2 0.6 37 51 21 31
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Waste Characterization

The radiation level of the construction material buried at all the Bingham
pump outage pits was measured at less than 25 milliroentgens per hourj; no
alpha activity was noted. A conservative maximum estimate of the amount of
activity buried in each area is 1 curie. Table B-13 lists the radionuclide
inventory.

B.9.2.2 K-Area Reactor Seepage Basin (904-65G)

Seepage basin 904-65G is outside the K-Area perimeter fence (Figure B-17). It
is 41 meters long, 21 meters wide, and 2 meters deep with a volume of 1.6 X
10 cubic meters. The basin was constructed by ‘excavating below grade and
backfilling around the sides at grade level to form earthen dike walls. The
basin did not overflow; water was released to the environment by evaporation
and seepage. The following sections describe the history of disposal, evi-
dence of contamination, and waste characteristics of the basin {Pekkala,
Jewell, Holmes, and Marine, 1987b).

History of Waste Disposal

See Section B.4.2.4, 1In addition to purge water from the K-Reactor disassem-
bly basins, the K-Area reactor seepage basin received very low-level
radicactive wastewater from other sources in the reactor area. This water had
to meet the same contamination control limits as disassembly-basin purge water
before it could be released to the seepage basin. Conventional water
treatment chemicals also entered the disassembly-basin water in small amounts
through additions for pH control, filter promotion, algae treatment, and
minimal additions of wastewater to the settler tank from other sources in the
reactor buildings. The seepage basin in K-Area was active from 1957 to 1960.
It has not been backfilled.

Evidence of Contamination

Core samples were obtained from the basin in 1978, and most of the radioactiv-
ity was found to be in the top 30 centimeters of the cores. The maximum
cesium-137 and strontium-90 concentrations were 510 and 140 picocuries per
gram, respectively.

Four groundwater monitoring wells were installed around the K-Area seepage
basin in 1984. As determined from the three downgradient wells, 1985 annual
average alpha and nonvolatile beta activity ranged from 0.10 to 0.23 and 0.04
to 2.9 picocuries per liter, respectively. The 1985 annual average for tri-
tium ranged from 110,000 to 160,000 picocuries per liter.

Waste Characteristics

Although many different radiconuclides have been discharged to the seepage
basin, tritium, strontium-90, and cesium-137 account for almost all the radio-
activity. The radionuclide contaminants entered the disassembly-basin water
as a film of water on the irradiated components discharged from the reactor
tank to the disassembly basin. Table B-29 is an inventory of radionuclides
released to the seepage basin. No significant quantities of chemical contami-
nants are believed to have been discharged to the seepage basin.
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Table B-29. Radioactive Releases to K-Area
Reactor Seepage Basin (Ci)*'"®

Isotope Release
Tritium® 1.2 x 10?
Cobalt-60 2.6 x 107°
Strontium-90 1.4 x 107°2
Cesium-137 7.8 x 107

®Source: Pekkala, Jewell, Holmes, and Marine,
1587tb.

®Values cumulative for years 1957-1960. All
values are decay-corrected through 1985.
°Most tritium believed to have left basin via
atmosphere or groundwater.

B.9.3 MAJOR GEQHYDROLOGIC CHARACTERISTICS

The waste sites in the K-Area geographic grouping are located with Indian
Grave Branch on the west and Pen Branch on the east, where the water table
below the area discharges. Little site-specific information is available for
the subsurface geology; however, K-Area hydrostratigraphy is believed to be
similar to the regional hydrostratigraphy discussed in Appendix A. Water-
level measurements from other wells in the vicinity of K-Area have been used
to construct a water-table map for the vicinity (Figure B-18).

The water-table elevation is about 60 meters. The estimated piezometric head
in the Congaree Formation is about 43 meters, and about 51 meters in the
Middendorf/Black Creek (Tuscaloosa). Thus, there is a downward hydraulic gra-
dient to the Congaree, hbelow which the gradient is upward (Ward, Johnson, and
Marine, 1987). Recent evidence suggests that the upward gradient does not
currently exist in the K-Area (Bledsoe, 1987).

B.9.4 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at three of the four waste management
facilities in the K-Area geographic grouping. Well-water samples are analyzed
quarterly for RCRA and SCHWMR parameters at hazardous waste management facili-
ties. Wells are typically monitored for gross alpha, gross nonvolatile beta,
and tritium at low-level waste management facilities. At least 12 wells in
this geographic area are used to monitor groundwater in the vicinity of the
facilities. DOE plans additional wells to better define subsurface conditions
and contaminant transport.

A waste site characterization program has been completed at two of the facili-
ties and is being implemented at the other two. Characterization generally
includes representative sampling of the waste, the soil and sediment under the

waste site, and the so0il and sediment around overflow ditches and process
sewers.
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Table B-30 lists the representative monitoring wells at each waste management
facility, the site investigations that have occurred, and the results of
groundwater, soil, and vegetation monitoring.

B.10 L-AREA WASTE SITES

This geographic grouping is formed by waste sites near L-Reactor, which went
on standby status in 1968 and resumed operation in November 1985. This group-
ing is approximately 4 kilometers east of K-Reactor, north of Road B. Figure
B-19 shows the locations of the waste sites in the L-Area geographic group-
ing. Within the boundaries of this grouping are the CMP pits and the L-Area
burning/rubble pit, acid/caustic basin, and oil and chemical basin. Drainage
is to Pen Branch on the west, and Steel Creek and L-Lake on the east.

B.10.1 HAZARDQUS WASTE SITES

B.10.L.1 L-Area Burning/Rubble Pit (131-L)

The L-Area burning/rubble pit is near the central portion of the Savannah
River Plant, northwest of L-Area, north of Road 7, and east of Road 7-1. The
site is rectangular, approximately 70 meters long, 9 meters wide, and 3 meters
deep.

History of Waste Disposal

Rubble waste disposed at this site reportedly included paper, lumber, cans,
empty galvanized steel drums, scrap metal, and batteries. See Section B.2.l1.6.

Evidence of Contamination

See Section B.2.1.6.

Waste Characterization

See Section B.2.1.6.

B.10.1.2 L-Area Acid/Caustic Basin (904-79G)
The L-Area acid/caustic basin is one of six such basins in the Reactor and
Separations Areas. These basins are unlined earthen depressions with nominal

dimensions of 15 meters long, 15 meters wide, and 2 meters deep.

History of Waste Disposal

See Section B.3.1.1.

Evidence of Contamination

See Section B.3.1.1.

Waste Characterization

See Section B.3.1.1.
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B.10.1.3 CMP Pits (080-17G, 17.1G, 18G, 18.1G, 18.2G, 18.3G, 19G)

The CMP pits consist of seven unlined pits that were used for the dispesal of
selected nonradicactive wastes. The pits were near the center of the Plant at
the top of a hill near the head of Pen Branch. They are arranged linearly in
two rows with 3 to 7 meters between the ends of adjacent pits. Each pit is 3
to 5 meters wide, 15 to 23 meters long, and 3 to 5 meters deep.

History of Waste Disposal

The CMP pits were used for waste disposal from 1971 to 1979. Typical waste
disposed in the pits included drums of solvents such as trichleoroethylene and
tetrachloroethylene, and other liquid wastes such as fluorocarbons, o0il, paint
thinner, and acid. Beryllium, titanium, calcium, and cadmium were disposed of
in a separate metals pit. Odd-shaped items such as spray cans and gas
cylinders were placed in the pits in containers of various sizes. The waste
in the CMP- pits was excavated in 1984 and is being stored until it can be
incinerated. The pits have been backfilled and closed.

Evidence of Contamination

Twenty-one groundwater monitoring wells were installed at the site to document
the extent of existing contamination. Benzene, methylene chloride, tetra-
chloroethylene, toluene, and bis (2-ethylhexyl) phthalate have been detected
in the groundwater at monitoring well CMP-9C (Scott, Kolb, Price, and Bledsoce,
1987).

Waste Characterization

Incomplete records partially document disposed wastes at the CMP pits. Site
remedial work in 1984 included removal of wastes and contaminated soils. The
results of the remedial work indicate that 99.5 percent of the wastes and con-
taminated soils had been removed from the site. An estimated 1500 cubic
meters of contaminated soil remain.

B.10.2 LOW-LEVEL RADIOACTIVE WASTE SITES

B.10.2.1 L-Area Bingham Pump Qutage Pit (643-2G)

L-Area Bingham Pump Outage Pit 643-2G is outside the L-Area perimeter fence
near the center of the SRP. The pit is 9 kilometers from the nearest Plant
boundary. It is on a gentle slope above the nearest flowing stream, a tribu-
tary of Pen Branch that is 360 meters away. The following sections discuss
the history of waste disposal, evidence of contamination, and waste charac-
teristics at this pit (Pekkala, Jewell, Holmes, and Marine, l987a).

History of Waste Disposal

Section B.4.2,1 describes the general history of the Bingham Pump outage
pits. The L-Area pit was active from September to November 1957. It is
backfilled and overgrown with vegetation.
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Evidence of Contamination

No groundwater monitoring, sediment characterization, or core sampling has
been performed at the outage pits, but vegetation sampling was performed in
1970. The vegetation showed elevated but low levels of contamination (sece
Section B.4.2.1). The water table is presently 2 meters below the bottom of
the pit.

Waste Characterization

Section B.4.2.1 discusses the waste characteristics of the Bingham Pump outage
pitS -

B.10.2.2 L-Area Bingham Pump Outage Pit (643-3G)

L-Area Bingham Pump Outage Pit 643-3G is outside the L-Area perimeter fence
near the center of the Plant. The pit is 9 kilometers from the nearest SRP
boundary. It is situated on a gentle slope above the nearest flowing stream,
a tributary of Pen Branch that is 360 meters away.

History of Waste Disposal

Section B.4.2.1 describes the general history of the Bingham Pump outage

( pits. This pit was active from Septemher 1957 to January 1958, and is

backfilled and overgrown with vegetation.

Evidence of Contamination

See Section B.10.2.1.

Waste Characteristics

See Section B.4.2.1.
B.10.3 MIXED WASTE SITES

B.10.3.1 L-Area 0il and Chemical Basin (904-83G)

The L-Area o0il and chemical basin is outside the L-Area perimeter fence and
between the acid/caustic basin and the area seepage basin (Figure B-18). The
unlined earthen basin has a surface area of 860 square meters and a capacity
of approximately 2.3 million liters. The nearest Plant boundary is approxi-
mately 9.8 kilometers from the basin., The following sections describe the
history of disposal, evidence of  contamination, and waste characteristics at
the basin (Pekkala, Jewell, Price, and Bledsoce, 1987).

History of Waste Disposal

This basin began operation in 1961 and remained active until 1979. Although
L-Reactor was placed on standby status in 1968, releases of wastewater to the
basin continued.

The basin has been inactive since 1979. Rainfall has kept some water in the
basin at all times. The permeability of the basin floor probably has
decreased by releases of 0il and chemical mixtures.
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Evidence of Contamination

Nine sediment cores were taken in the basin in early 1985. Approximately 0.3
to 0.6 meter of soft black ooze with a moisture content of 50 to 90 percent,
followed by the tough basin-floor material, was encountered. Preliminary
analyses indicate very low levels of contamination from metals; for example,
no samples exceeded the EP-toxicity test criteria.

The wupper 10 to 20 centimeters of sludge typically contain 1,000 to 10,000
picocuries per gram (dry weight) of radioactive material, dominated by
cobalt-60 and unidentified beta emitters. The next 20 centimeters typically
contain about 20,000 picocuries per gram (dry weight). Below this level, the
basin floor material drops rapidly to background levels for most substances.
Petroleum hydrocarbons were not detected in any samples. The basin water con-
tains tritium, strontium-90, cobalt-60, cesium-137, and nitrate.

Low levels of radioactivity have been detected in monitoring wells near the
basin. Chlorinated organics (TOH) as high as 100 parts per billion have been

detected in two monitoring wells, but are not detectable in the basin water.

Waste Characterization

The L-Area oil and chemical basin received about 205,000 liters of wastewater
annually. The total volume discharged through 1979 was 3.9 x 10° liters,
The waste liquids consisted of small volumes of o0il on top of water. The
wastewater usually contained some chemicals that were not appropriate for dis-
charge to SRP streams, regular seepage basins, or the waste management system
in 200-Area. The o0il in the wastewater drums or 1900-liter skid containers
was only a small part of the total waste. Radioactive o0il on the plant site
usually was mixed with the absorbent 0il-dri and sent to the Burial Ground in
190-liter drums. The waste liquids sent to the L-Area o0il and chemical basin
came from all over the Plant, but were primarily from the reactor areas.
Wastewater from the Building 717-G Hot Shop was sent to the basin until 1967.

As indicated in Table B-31, the major nuclides discharged to the basin include
tritium, cobalt-60, strontium-90, cesium-137, and unidentified alpha and beta
gamma, The current inventory is decay-corrected. The inventory shows a small
amount of radicactivity that was released to the basin through Works Engineer-
ing repairs at the basin or in Building 717-G. Several filters in the reactor
building's distillation and purification facilities had high radiation levels,
and underwater work was necessary for personnel protection. A tank filled
with water was placed inside the basin perimeter fence and used for shield-
ing. After repairs were completed, including disassembly and assembly, the
water was drained to the basin.

B.10.4 MAJOR GEQOHYDROLOGIC CHARACTERISTICS
Waste sites in the L-Area geographic grouping are on the Aiken Plateau between

Pen Branch to the west and Steel Creek to the east-southeast. Site-specific
geologic investigations conducted in the vicinity of L-Area and the CMP pits
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Table B-31. Summary of Radiocactive Releases to L-Area
0il and Chemical Basin 904-83G (Ci)”®

Original Decay~-corrected

Isotope release inventory
Tritium 3.4556 x 10° 1.1553 x 10°
Sulfur-35 1.6000 x 10772 7.6563 x 1077
Cobalt—60 3.7915 2.7935 x 107"
Strontium-90 3.7039 x 107 2.1986 x 107!
Ruthenium 103, -106 3.5937 x 10! 6.3956 x 10°°
Cesium-134 1.0590 x 107° 4.46993 x 107°
Cesium-137 1.6210 9,9224 x 107’
Cerium 44, —141 9.5232 x 107° 1.8354 x 10°°
Promethium—147 1.9828 8.3285 x 10°°
Alpha 2.2852 x 107° 2.2852 x 107°

(unidentified)

Beta-gamma 1.5550 x 107° 1.5550 x 107°

(unidentified)

®Source: Pekkala, Jewell, Price, and Bledsoe, 1987.

reveal that the hydrostratigraphy of the area is similar to that discussed in
Appendix A, Significant site-specific characteristics are as follows (Scott,
Kolb, Price, and Bledsoe, 1987; Pekkala, Jewell, Price, and Bledsoce, 1987;
DOE, 1984a, b):

1. Upland unit. The transmissivity of gravel beds can be high but that
of clays can be low.

2. Barnwell Formation. Clay lenses are mnearly impermeable to downward
infiltrating water. Sands should have moderate permeability.

3. McBean Formation. Lime sands and clays (calcarenite and marl) are
generally of low permeability, but coarse, fossiliferous limestone
lenses can bhe very permeable. The green clay at the base of the
McBean Formation is about 7 meters thick in the vicinity of L-Area.

4, Congaree Formation. Interlayered sands, calcareous sands, and clays
near the top of the formation should have moderate permeability. The
thick (15-meter) clean sands near the base of this formation are very
permeable and form a good aquifer.

5. Ellenton Formation. Most 1lithologies have low permeability; this
generality can be deceiving because channel sands could provide very
high permeability locally.

6. Upper Middendorf/Black Creek. The Middendorf/Black Creek sectiocn in
hole CMP-11 begins at a depth of 125 meters (about 34 meters below
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sea level)., The principal sediments are fine, silty sands with occa-
sional layers of silty clay or coarse sand. The interval from 126 to
161 meters has four clay layers, each about 0.6 meter thick.

In general, the sands become coarser toward the bottom of this interval. The
permeability of the silty sands should be low to moderate and that of the
coarser sands moderate to high.

The tan clay is not readily evident in data on the area derived from founda-
tion borings, drillers' logs, and geophysical logs; however, even in other
areas of the Plant where it supports a significant head difference, this clay
layer is not always apparent in soil cores. The calcareous zomne is evident in
the McBean Formation. At depths of 30 to 40 meters from the ground surface,
solution voids can exist, as indicated by mud losses and rod drops during the
drilling of observation wells near the CMP pits (Scott, Kolb, Price, and
Bledsoe, 1987). These areas are patchy with little or no interconnection of
void areas.

Pump tests have been performed at monitoring wells in the wvicinity of the CMP
pits. Transmissivity data for various strata are summarized below {Pekkala,
Jewell, Price, and Bledsoe, 1987):

Transmissivities
Well Stratum screened measured (m®/day)
CMP-8B McBean (Aiken) fine sands 9.1
cMpP-10, 11, 12, l4B, 15B McBean moldic limestone <185
Barnwell/Dry Branch 0.5
CMP-+8A, 124, 15A Congaree 75, 3, 0.2

Figure B-20 is a water-table map for the area. The map is from data collected
in December 1963 when a number of shallow piezometers were available for the
area, Recent data from several new wells (Pekkala, Jewell, Price, and
Bledsoe, 1987) indicate that the water table is now 1 to 2 meters lower than
shown in Figure B-20.

Near the CMP pits, the hydraulic heads of three wells screened in the lower
part of the Congaree are between 55.2 and 56.1 meters. Water-level measure-
ments for one well in the upper Tuscaloosa Formation indicate a head of 52.1
meters above mean sea level. Thus, there is a downward gradient of about 4
meters of head across the Ellenton Formation near the CMP pits (Scott, Kolb,
Price, and Bledsoe, 1987). In the wvicinity of L-Area, the water level in the
Congaree is at an elevation of 53.5 meters, and that in the Middendorf/Black
Creek (Tuscaloosa) is at 52.2 meters (Ward, Johnson, and Marine, 1987).
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Judging from these water-level measurements, the head reversal found in other
areas of the Plant is not present in this area. Recent (April 1987) evidence
is in agreement with these earlier observations (Bledsoe, 1987).

B.10.5 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at 10 of the 12 waste management facili-
ties in the L-Area geographic grouping. Well-water samples are analyzed quar-~
terly for RCRA and SCHWMR parameters at hazardous and mixed waste management
facilities. Typically, wells are monitored for gross alpha, gross nonvolatile
beta, and tritium at low-level waste management facilities. At least 21 wells
in this geographic area are used to monitor groundwater in the vicinity of the
12 facilities. DOE plans additional wells to obtain a better definition of
subsutrface conditions and contaminant transport.

Waste site characterization programs are complete at nine facilities and are
being implemented at another. Characterization generally includes representa-
tive sampling of the waste, the soil and sediment under the waste site, and
the soil and sediment around overflow ditches and process sewers.

Table B-32 lists the representative monitoring wells at each waste management

facility; the site investigations that have occurred; and the results of
groundwater, soil, and vegetation monitoring.

B.11 P-AREA WASTE SITES

This geographic grouping is formed by waste sites associated with P-Reactor,
which is approximately & kilometers northeast of L-Reactor (Figure B-21),
Located along Road F, P-Reactor is southwest of Par Pond, through which its
cooling water is recirculated. The northeast portion of this grouping drains
to Par Pond, and the southwest portion drains to the headwaters of Steel Creek.

B.11.1 HAZARDOUS WASTE SITES

B.11.1.1 P-Area Burning/Rubble Pit (131-P)

The P-Area burning/rubble pit is northwest of P-Area and south of Road C-7.
The site is nearly rectangular, approximately 64 meters long, 9 meters wide,
and about 3 meters deep.

History of Waste Disposal

Rubble waste disposed of at this site included paper, wood, concrete, scrap
metal, cans, and empty galvanized-steel barrels. See Section B.2.1.6.

Evidence of Contamination

See Section B.Z2.l1.6.

Waste Characterization

See Section B.2.1.6.
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B.11.1.2 P-Area Acid/Caustic Basin (904-78G)

The P-Area acid/caustic basin is one of six such basins in the Reactor and
Separations Areas. These basins are unlined earthen depressions with nominal
dimensions of 15 meters long, 15 meters wide, and 2 meters deep.

History of Waste Disposal

 See Section B.3.1.1.

Evidence of Contamination

See Section B.3.1.1.

Waste Characterization

See Section B.3.1.1.
B.11.2 LOW-LEVEL RADIQACTIVE WASTE SITE

B.11.2.1 P-Area Bingham Pump Qutage Pit (643-4G)

The P-Area Bingham pump outage pit 643-4G is outside the P-Area perimeter
fence. This pit is 9.8 kilometers from the nearest Plant boundary. It is on
a gentle slope just east of the divide between Steel Creek and Par Pond. The
following sections describe the history of waste disposal, evidence of contam-
ination, and waste characteristics at the P-Area pit (Pekkala, Jewell, Holmes,
and Marine, 1987a).

History of Waste Disposal

Section B,4.2.1 describes the general history of the Bingham pump outage
pits. The P-Area pit was active from January to November 1958, then was back-
filled and allowed to revegetate.

Evidence of Contamination

No groundwater monitoring, sediment characterization, or core sampling has
been performed at the outage pits. Vegetation sampling in 1970 showed
elevated but low levels of radicactivity (see Sectiom B.4.2.1).

Waste Characterization

See Section B.4.2.1.
B.11.3 MAJOR GEOHYDROLOGIC CHARACTERISTICS

The P-Area waste sites within this geographic grouping are on the Aiken Pla-
teau between Steel Creek and Par Pond. Site-specific geologic investigations
have not been conducted in the vicinity of P-Area; however, regional subsur-
face geology discussed in Appendix A is believed to be representative of the
area. Four RCRA-type wells have been installed near P-Area. The depth to the
water table in these wells ranges from 6.4 to 10.7 meters below the ground
surface (Huber, Johnson, and Marine, 1987). Figure B-22 is a water—table map
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for the area. The natural discharge from the water—table aquifer is to Steel
Creek west of P-Area and to tributaries of Par Pond to the east-northeast.
This map, howevér, indicates expected head relationships only for general
areas; site-specific information will be necessary to confirm the relationship
for this area.

B.11.4 ONGOING AND PLANNED MONITORING

Groundwater monitoring is proceeding at two of the three waste management
facilities in the P-Area geographic grouping. Well-water samples are analyzed
quarterly for RCRA and SCHWMR parameters at hazardous waste management facili-
ties. Typically, wells are monitored for gross alpha, gross nonvolatile beta,
and tritium at low-level waste management facilities. At least eight wells in
this geographic area are used to monitor groundwater in the vicinity of the
six facilities. Additional wells are planned to obtain a better definition of
subsurface conditions and contaminant transport.

Waste site characterization generally includes representative waste, the soil
and sediment under the waste site, and the soil and sediment around overflow
ditches and process sewers.

Table B-33 lists the representative monitoring wells at each waste management

facility, the site investigations that have occurred, and the results of
groundwater, soil, and vegetation monitoring.

B.12 MISCELLANEQUS AREA WASTE SITES

This section describes two waste sites, the SRL o0il test site and the Gunsite
720 rubble pit, which are not within the boundaries of the 10 geographic
groupings described in previous sections. The SRL o0il test site is south of
Road 3, a short distance from the CS-Area (see Figure B-11). The Gunsite 720
rubble pit is west of Road A, about 10 kilometers south of A-Area and 5 kilo-
meters north of D-Area (see Figure B-14).

B.12.1 HAZARDOUS WASTE SITES )

B.12.1.1 SRL 0il Test Site (080-16G)

The SRL oil test site is about 600 meters east of the intersection of Roads 3
and 5, and approximately the same distance south of the Central Shops complex
near the central portion of the Plant. The site consists of 24 test plots
with dimensions of 3.7 meters by 10.7 meters. Two other test plots with
dimensions of 3 meters by 70 meters were added to the site subsequently.

History of Waste Disposal

The 26 test plots at the SRL oil test site were developed as part of a study
to evaluate the biodegradation rate of waste oil. The plots received machine
cutting o0il characterized as having a viscosity similar to heavy automobile
engine oil. The original 24 plots (12 test plots and 12 control plots) were
constructed in 1975. Waste 0il purchased offsite was sprayed onto the 12 test
plots. Each oil plot received 415 liters of waste oil, was tilled to a depth
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of 15 centimeters, received another application of 415 liters, and was tilled
again. Commercial fertilizer was applied to the plots at four different rates.

In 1976 two additional plots reportedly were built. One plot received 3120
liters of hydraulic fluid and the other received 4160 liters of paint thinner.

In 1978 a site use permit was requested to facilitate the disposal of about
50 drums of waste oil per year at the SRL oil test site, but, the disposal of
additional waste as a result of this request is not known. No waste oils were
discarded at this site after 1980.

Evidence of Contamination

Two soil cores reportedly were taken from each test plot and analyzed at
depths of 0 to 15 centimeters, 15 to 30 centimeters, and 30 to 45 centi-
meters. The plots were sampled before oil application, immediately after, 1
month after, about every 3 months after for 2 years, and then at 5 years. The
results of the analysis revealed that over the 5-year period, no significant
amounts of hydrocarbons were found at the 30- to 45-centimeter depth and
slightly elevated hydrocarbons were found at the 15- to 30-centimeter depth
(see Figure B-23). The results of an analysis of several chemical parameters
revealed some increases of phosphorus, potassium, and calcium, but all concen-
trations (except phosphorus at the 0.l15-centimeter depth) returned to back-
ground levels after 1 year.

The only contaminants that appear to be present at the site are asphalt rubble
and residual waste o0il that, for the most part, has been retained in the top
15 centimeters of the soil. A small amount might have migrated as deep as 30
centimeters.

Currently, there are no groundwater monitoring wells located at this site.

Waste Characterization

A lack of specific chemical/analytical data of the waste materials present at
the site makes specific evaluations difficult. However, based on the limited
data available, the potential for contaminant migration appears to be small.
Samples from borings taken at the sites show that hydrocarbons exist at depths
of 15 to 30 centimeters below the surface and marginally at the 30- to
45-centimeter depth.

B.12.1.2 Gunsite 720 Rubble Pit

The Gunsite 720 rubble pit (SRP map coordinates N80,000, E27,350) is an open
area near D-Area, west of the first northbound dirt road from Road A-2. The
site covers about 35 square meters.

History of Waste Disposal

The Gunsite 720 rubble pit consists of eight semiburied, corroded, 208-liter
drums of unknown origin. There are no records of the disposalj however, the
drums are suspected to contain nonradiocactive liquid-chemical waste.
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Evidence of Contamination

To date, no studies have been performed to determine the nature of the con-
tents of the drums or the extent and levels of contamination.

Waste Characterization

Limited data are available on possible wastes disposed of at this site (Huber
and Bledsoe, 1987b).

B.12.2 MAJOR GEOHYDROLOGIC CHARACTERISTICS

Representative data on the two waste sites in this geographic grouping are
contained in Section B.5.4 for the SRL oil test site and Section B.6.4 for the
Gunsite 720 rubble pit. In addition, Appendix A describes the important
geologic arid subsurface hydrologic characteristics of the SRP.

B.12.3 ONGOING AND PLANNED MONITORING

Table B-34 lists the site investigations that have occurred at each facility
and the results of any groundwater, soil, and vegetation monitoring.

At present, there are no monitoring wells near the SRL o0il test site or the
Gunsite 720 rubble pit,
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Note: Elevations are in feet above
mean sea level

1.0 foot =0.3048 meter ) 1

C Reactor Area

CS Central Sheps

Scale (kilometers}

Potential Building
Number | Waste Type : Site Name Number
4-1 A CS Burning/Rubble Pit* 631-1G
4-2 A CS Burning/Rubble Pit* 631-5G
4-3 A CS Burning/Rubble Pit* 631-6G
4-4 A C-Area Burning/Rubble Pit* 131-C
4-5 A Hydrofluoric Acid Spill Area™ 631-4G
4-6 | Ford Building Waste Site* 643-11G
4-7 @ Ford Building Seepage Basin* 904-91G
111 A SRL Qil Test Site 080-16G

*Indicates that waste type may be contained in the waste site
A —Hazardous

B —Low-level radioactive

® —Mixed

Figure B-11. C- and CS-Area Waste Sites
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Total
Lengths

Total
Depth of
all Strata

feat

80
3C
39
59
93

108
130

136
160

190

235

281

2931
306

31
358
373

346
438
450
476

481
508
518

537
579

of

all Screens
and Casings

feet

180
100
130
168
525
575
580

Figure B-12. Drilling Log of Well 905-71G

Formations and Depths of Well

Depth

of Each
Stratum

feet

20
10

9
30
34

16
21

40

45

46

30
15

8
44
30

50
80
15
26

15

17
10
10
48

Formation Found at Each Stratum

Grey sandy clay

Yellow sandy clay

Grey sandy clay

Yellow clay and fine sand
Medium cearse sand and soft red
clay

Soft white sandy clay

Medium cearse sand and white
clay

Yellow clay

Chalky white clay with hard
streaks of shell rock

Hard shell rock with sand and
chalk

Soft yellow clay and sand with
some shell

Coarse sand and fittle yellow clay
and shell

Blue marl and firm sand

Medium course sand with blue
marl

Fine sand and blue marl

Sandy blue marl

Sandy blue martl with mixture of
ciay

Sandy biue marl

Tight red and white clay, slow
Tight red clay, slow

Coarse white sand and gravel with
streaks of clay

Chalky white clay with streaks of
sand

Cearse white clay and chalky clay
Blue marl

Soft sandy blue marl

Coarse white sand with thin
streaks of clay

Dimensions of Casing and Screen

tength of
Each
Screen
and Casing

feet

180
6
30
6
420
50
5

Size of Graph
Screen Screen of
or Casing or Screen
Casing
inches
Casing
Casing 18 5/16
Casing 8 5/16
Slotted Pipe 8 516
Casing 8 5116
Slotted Pipe 8 5/16
Casing 8 5/16
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Figure B-13. Map of Water Table Near C-Area Showing Locations
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Note: Elevations are in feet above Scale (kilometers)
mean sea level 0
1.0 foot=0.3048 meter 1 2
D Steam and Power Plant, Heavy Water H
Production {on standby)
TNX Pilot Scale Chemical Processing Facibty

aN
A/

Legend on following page

Figure B-14. TNX-Area Waste Sites
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Potential Building
Number | Waste Type Site Name Number
5-1 A D-Area Burning/Rubble Pit* 431-D
5.2 A D-Area Burning/Rubble Pit* 431-1D
5-3 | TNX Burying Ground 643-5G
5-4 @ TNX Seepage Basin {old}* 904-76G
5-5 @ TNX Seepage Basin {new)* 904-102G
B6-1 A D-Area Qil Seepage Basin 631-G
11-2 A Gunsite 720 Rubble Pit NBOE27.35

*Indicates that waste type may be contained in the waste site
A —Hazardous
M —Low-level radioactive

® —Mixed

Figure B-14. TNX-Area Waste Sites (continued)
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Graphic Profile Stratigraphy

Elev. |Depth Generalized -
£t ft. l Description Gamma Resistivity
150
10 / 5
20-222 g2
O <L
i)
30 =
o
40-/
50% Clayey Sand
100 /
50-/
7,
70-%
a0 /
jz]o) / ©
2
100 /4 S
50 * : -4 Sand and Gravel | §
110
f% Pebble Zone
1204
/ Clayey Sand
130‘/ Pebble Zone
140 %
150 Clay
o
1604224 Clayey Sand
N
170 \/ Cloy
180 / Clayey Sand <
Clayey Sand c
190 Y ywith Gravel EJ .
7 ;
2004 Clayey Sand
-50 210 | Clay |
Clayey Sand
220
230 Clay
Pebble Zone
240
Clayey Sand
-100 250 Pebble Zone
260,/INN
270 Clay
280 & — ,
S | Note: Boring Geophysically
Clayey Sand © Logged to a Depth of
290 § 276" by South Carolina
300 [ Water Respurces
180 Clay Commission
310 . -
Note: 1.0 foot=0.3048 meter
320 \ >
5 Sand
330
\\ Clay
3404 Clayey Sand
d350d ;":"—'f;q_' Sand
— Note: Boring Terminated
at a Depth of 352.

Source: Dunaway, Johnson, Kingley, Simmons, and Bledsoe, 1987.

Figure B-15. Drillers Log for Monitoring Well XSB-3T
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Scale {kilometers)

Note: Elevations are in feet above
mean sea level 0 1 2
1.0 foot=0.3048 meter E
Potential Building
Number | Waste Type Site Name Number
7-1 ® Road A Chemical Basin* 904-111G

*Indicates that waste type may be contained in the waste site
@® —Mixed

Figure B-16. Road A Area Chemical Basin Waste Site
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Note: Elevations are in feet above Scale (kilometers) ,-\
mean sea level 0 1 2 ‘b

1.0 foot =0.3048 meter

R0 foot= e

Potential Building
Number | Waste Type Site Name Number
8-1 A K-Area Burning/Rubble-Rit* 131-K
8-2 A K-Area Acid/Caustic 8asin* 904-80G
8-3 [ | K-Area Bingham Pump Outage Pit* 643-1G
8-4 | K-Area Reactor Seepage Basin 904-65G

*Indicates that waste type may be contained in the waste site
A —Hazardous
8 —Low-level radioactive

Figure B-17. K-Area Waste Sites
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Source: Pekkala, Jewell, Holines, and Marine, 1987b. /N

Note: 1.0 foot = 0.3048 meter "
Scale (kilometers}

0 1 2

Figure B-18. Map of Water Table Near K-Area Showing Locations of Reactor Seepage
Basin and Other Waste Sites {contours are expressed in feet above mean
sea level}
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Potential Building
Number | Waste Type Site Name Number
3-1 A L-Area Burning/Rubble Pit* 131-L
Q-2 A L-Area Acid/Caustic Basin* 904-79G
9-3 A CMP Pit 080-17G
9-4 A CMP Pit 080-171G
9-5 A CMP Pit 0BO-18G
9-8 A CMP Pit 080-181G
9-7 A CMP Pit 080-182G
9-8 A CMP Pit 080-183G
9-9 A CMP Pt 0BO-19G
9-10 | L-Area Bingham Pump Outage Pit* 643-2G
9-11 8 L-Area Bingham Pump Outage Pit* 643-3G
9-12 ® L-Area Oil and Chemical Basin* 904-83G

*Indicates that waste type may be contained in the waste site
A —Hazardous
B - ow-level radioactive
® —Mixed

Figure B-19. L-Area Waste Sites {continued)

B-106




-

——-‘-\A.- and M.Areas / FL

F- and H-Areas

Gunsite 720 O‘J C- apd CSAAreas,/_\

Rubble Pit Q7 .
A

KN-_/— : - _jﬂ SRL Ol

/ K-Area

*NX-Are A {__,/" . /,;\

Source: Adapted from Du Pont, 1984. 0 3 Z 3 4 5 /\
C, K, R, L, P Reactor Areas ‘ b
FLH Soparstion Awas e e e,
M Fuel and Target Fabrication
D Stsam and Power Plant,Heavy Water
Production {on standhy)
A Savannah River Laboratory and
Administration Area
CS Central Shops

TNX  Pilot Scale Chemical Processing Facility

Figure B-1. Geographic Groupings of Waste Sites
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Note: Elevations are in feet above
mean sea level 2 0

1.0 foot=0.3048 meter 0 1

P Reactor Area s

Potential Building
Number | Waste Type Site Name Number
10-1 A P-Area Burning/Rubble Pit* 131-P
10-2 | A P-Area Acid/Caustic Basin* 904-78G
10-3 |l P-Area Bingham Pump Qutage Pit* 643-4G

*Indicates that waste type may be contained in the waste site
A —Hazardous
B — Low-level radioactive

Figure B-21. P-Area Waste Sites
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Bingham Pump

Acid/Caustic

Source: Pekkala, Jewell, Holmes. and Marine, 1987b.
MNote: 1.0 foot = 0.3048 meter

Scale (kilometers) 0

o 1 2

Figure B-22. Map of Water Table Near P-Area Showing Location of Seepage Basins
and Other Waste Sites (contours expressed in feet above mean sea level)

B-118



Percentage Of Qil by Weight

0-15¢cm
3.0dus0
2.0
1.0 15-30 em
HSD \\%
|HSD 30-45 cm
00| —
1975 1976 1977 1980

Figure B-23. Oil Content of Soil as a Function of Time for Three Soil Depths (The
bars on the means are =2 standard errors. Honestly significant dif-
ferences (HSD) shown along the y-axis for each of the three soil
depths.)
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Potential Building
Number | Waste Type Site Name Number
1-1 A 716-A Motor Shop Seepage Basin 904-101G
1-2 A Metals Burning Pit 731-4A
1-3 A Silverton Road Waste Site 731-3A
1-4 A Metallurgical Laboratory Basin* 904-110G
1-5 A Miscellaneous Chemical Basin® 731-BA
1-6 A A-Area Burning/Rubble Pit* 731-A
1-7 A A-Area Burning/Rubble Pit* 731-1A
1-8 @ SRL Seepage Basin 204-53G
1-9 ® SRL Seepage Basin 8904-53G
1-10 ® SRL Seepage Basin 904-54G
1-11 o SRL Seepage Basin 904-55G
1-12 ® M-Area Settling Basin 904-51G
1-13 ® Lost Lake 204-112G

*Indicates that waste type may be contained in the waste site

A —Hazardous

® —Mixed

Figure B-2. A- and M-Area Waste Sites (continued)
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Figure B-3. Geology and Hydrology Near the Center of A- and M-Area {Geology and heads
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Figure B-4. Water Table Map for July 1984, A/M-Areas and Vicinity
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Figure B-5. F- and H-Area Waste Sites
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Potential Building
Number | Waste Type Site Name Number
2-1 A F-Area Acid/Caustic Basin* 904-74G
2-2 A H-Area Acid/Caustic Basin* 904-75G
2-3 A F-Area Burning/Rubble Pit* 231-F
2-4 A F-Area Burning/Rubble Pit* 231-1F
2-5 | H-Area Retention Basin 281-3H
2-6 | F-Area Retention Basin 281-3F
2-7 [ | Radioactive Waste Burial Ground 643-7G
2-8 e Mixed Waste Management Facility 643-28G
2-9 [ Radioactive Waste Burial Ground 643-G
2-10 ® F-Area Seepage Basin 904-41G
2-11 ® F-Area Seepage Basin 904-42G
212 ® F-Area Seepage Basin 904-43G
2-13 ® F-Area Seepage Basin {old) 904-49G
2-14 ® H-Area Seepage Basin 904-44G
2-15 ® H-Area Seepage Basin 904-45G
2-186 ® H-Area Seepage Basin 904-46G
2-17 ® H-Area Seepage Basin 904-56G

*Indicates that waste type may be contained in the waste site

A —Hazardous

Bl —Low-level radioactive

@ —Mixed

Figure B-5. F- and H-Area Waste Sites {continued)
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Geohydrologic Section at the Burial Ground
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Figure B-6. Vertical-Head Relationships Around Log for Burial Ground Wells
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R Reactor Area —

Potential Building
Number | Waste Type Site Name Number
3-1 A R-Area Burning/Rubble Pit* 131-R
3-2 A R-Area Burning/Rubble Pit* 131-1R
3-3 A R-Area Acid/Caustic Basin* 904-77G
3-4 n R-Area Bingham Pump Outage Pit* 643-8G
3-5 | R-Area Bingham Pump QOutage Pit* 643-9G
3-6 [ | R-Area Bingham Pump Outage Pit* 643-10G
3-7 | R-Area Reactor Seepage Basin 904-57G
3-8 | R-Area Reactor Seepage Basin 204-58G
3-9 ] R-Area Reactor Seepage Basin 904-59G
3-10 | R-Area Reactor Seepage Basin 904-60G
3-11 [ | R-Area Reactor Seepage Basin 8904-103G
3-12 | R-Area Reactor Seepage Basin 904-104G

*Indicates that waste type may be contained in the waste site
A —Hazardous
M —Low-level radicactive

Figure B-8. R-Area Waste Sites
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Source: Developed from Figures A-10 and A-11 Areas where the head in the Tusceloosa is greater than the N
Congaree are showrn by contours. Contour interval equals 10 "
R Reactor Area feet (1.0 foot = 0.304B meter),
F, H Separation Areas
Scale (kilometers} ﬁ Area where the head in the Tuscaloosa is less than the
0 2 4 6 8 10 head in the Congaree

P ™ ™

Figure B-9. Head'Difference in Feet Between Tuscaloosa and Congaree Formations
at Savannah River Plant (1982)
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Figure B-10. Water Table Elevation {in feet above mean sea level) at R-Area During the

Period 1961-1967
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Table B-12, Site Investigations and Monitoring at Waste Management Facilities in the F- and H-Area Geographic Grouping?

Facility

RCRA
monitoring wellb

Site investigations®

Monitoring results

F-Area acid/caustic basin
(904-74G)

H-Area acid/caustic basin
(904-75G6)

F-Area burning/rubble pits
(231-F, 231-1F)

H-Area retention basin
(281-3H)

F-Area retention basin
{281-3F)

FAC 1
FAC 2
FAC 3
FAC 4

None

FBP 1A

- FBP 2A
FBP 3A
FBP 4

281-3H-114
281-3H-134

None

Footnotes on tast page of table.

HAZARDOUS WASTE SITES

Wells monitored quarterly for RCRA and
SCHWMR parameters.

Waste site characterization program
completed in 1985.

Waste site characterization program,
completed in 1985, consists of water,
sediment, and soil sample analysis.

Wells monitored quarterly for RCRA and
SCHWMR parameters.

Waste site sediment characterization
program to be conducted.

LOW-LEVEL WASTE SITES

Core samples of basin sediments taken
in 1973,

Radiological survey (1977} of soil
and vegetation found elevated levels
of radioactivity.

Wells monitored for tritium, gross
alpha, and gross nonvolatile beta.

In late 1978, 994 m of contaminated
s0il1 removed.
Core samples taken at that time.

Statistical analysis of groundwater monitoring
data shows the following to be present:

pH

Conductivity

Manganese

Sodium

Sulfate

Barium

Sediment samples showed elevated levels of
metals and other inorganics.

None.

Statistical analysis of groundwater monitoring
data shows the following to be present:
Conductivity

Total organic carbon

Total organic halogen

pH

Sodium

Chloride

Soil constituents include:

& Cesium-137

& Strontium-89, -90

& Plutonium-238
Radiation measured at 90 mrad/hr.
Vegetation exhibited levels of

o (esium-137 at B200-8900 pCi/g

& Strontium-89, -90 at 58,000 pCi/g
Groundwater monitoring data shows elevated

levels of tritium.

Soil constituents include:
& (Cesium-137
& Strontium-89, -S0

TE
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Table B-12. Site Investigations and Monitoring at Waste Management Facilities in the F- and H-Area Geographic Grouping? (continued)

Facility

RCRA
monitoring wellb

Site investigations®

Monitoring results

Radioactive waste burial
ground (643-7G}

Radioactive waste burial
ground (643-G)

Mixed waste management
facility (643-28G)

15 wells
directly
associated
with 643-7G¢

125 single
wells and 3
well clusters
directly
associated
with 643-GY

38 wells
are associatgd
with 643-28G

Footnotes on last page of table.

LOW-LEVEL WASTE SITES {continued)

Wells monitored for:
Tritium

Gross alpha

Gross nonvolatile beta
Mercury

Lead

Cadmium

L B K N N

MIXEQ WASTE SITES

Groundwater wells monitored for:
Tritium
Gross alpha
Gross nonvolatile beta
Mercury
Lead
Cadmium
Following parameters measured
for wells with history of
gross alpha or gross
nonvolatile beta activity
¢ Cobalt-60
& Strontium-90
® Cesium-137
® Plutonium-23B, -239
Dry boreholes used for in-situ gamma
radiation measurements.
Additional soil coring planned.

27 new RCRA monitoring wells located
in clusters of 3 will be installed
with RCRA monitoring proposed
as part of postclosure detection
and compliance point monitoring.

A compaction study will determine the
physical characteristics of the waste
and overburden.

A borrow study will identify sources
of material for the final cover.

Groundwater constituents include:
Gross beta
Tritium
Strontium-90
Technetium-99
Cesium-137
Cobalt-60
Plutonium-238
Curium-244
Mercury

Lead

Cadmium

LR N N N N N IR N I N

Groundwater constituents include:
Gross alpha

Gross beta

Tritium

Mercury

Lead

Cadmium

Strontium-90

Technetium-99

Cesium-137

Cobalt-60

PTutonium-238

Curium-244

Tritium plume defined east of facility.

LR N N N N N NN NN

The presence of hazardous constituents in the
groundwater at the boundary of 643-28G has

not been established.

TE
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Table B-12. Site Investigations and Monitoring at Waste Management Facilities in the

F- and H-Area Geographic Grouping?® (continued)

RCRA
Facility monitoring wellb Site investigations® Monitoring results
MIXED WASTE SITES {continued)

F-Area seepage basins FSB 76, 76A, B, C Wells monitored quarterly for RCRA and Statistical analysis of groundwater monitoring
(904-41G, 904-42G, FSB 77 SCHWMR parameters. data shows the presence of:
904-43G) FSB 78, 784, B, C 13 plume~definition wells installed in ¢ Conductivity

FSB 79, 79A, B, C fall 1984. & Total dissolved solids
FSB 87A, B, C, D Soil samples from seepage basin ¢ Turbidity
collected during several studies ¢ Sodium
(1977 and 1984). ¢ Zinc
Terrain conductivity survey completed. & Nitrate
As of 11/5/87, 2B RCRA compliance wells e pH
have been installed. ¢ (Cadmium
¢ Copper
e Lead
& Mercury
& Manganese .
® Nickel
¢ Gross beta
& Radium
¢ Chromium
¢ Fluoride

Footnotes on last page of table.

{(Sampling techniques or well construction

may bias results.)

Additional probable groundwater contaminants

include

Probable soil contaminants include

SO0 QO OO OO OO OO ONODS

Gross alpha
Tritium
Strontium-90
Selenium
Barium

Americium-241
Cobalt-60
Cesium-137
Tritium
Iodine-129
Niobium-95
Promethium-147
Ruthenium-106
Strontium-89, -90
Uranium-234, -235, -238
Zirconium-95
Chromium

Sodium

Zinc

Tin

Mercury

TE

F-22



9¢-4

Table B-12. Site Investigations and Monitoring at Waste Management Facilities in the F- and H-Area Geegraphic Grouping® (continued)

Facility

RCRA
monitoring wellb

Site investigations®

Monitoring results

F-Area seepage basin
(904-49G)

H-Area seepage basins
(9D0444G, 9D4-45G,
904-46G, 904-56G)

FNB 1
FNB 2
FNB 3
FNB 4

H3B
HSB
HSB
HSB
HSB
H5B
HsSB
HSB
HSB
H5B
HSB

Footnotes on last page of table.

65,

66
67

68, 68A, B, C

69
70
7

83A,
844,
854,
86A,

-
-

Wo@m
[zXniniel
=] oo

MIXED WASTE SITES {continued)

Wells monitored quarterly for RCRA and
SCHWMR parameters.

Sediment samples collected from basin
in June 1955.

Wastewater samples collected
in February 1985.

65A, B, C Wells monitored quarterly for RCRA and

SCHWMR parameters.
21 plume—definition wells installed in
fall 1984.
D.9-m cores collected from bottoms of
H-Area basins in 1984.
Terrain conductivity survey completed.
As of -11/5/87, 27 of 42 RCRA compliance
wells were installed.

LR B N I I B NN N

[ I

......Q......_...

Statistical analysis of groundwater monitoring
data indicates the presence of:

Conductivity
Nitrate

pH

Barium
Manganese
Sodium

Gross alpha
Gross beta
Radium

Lead

Constituents present in groundwater
include:
& Mercury
® Lead .
¢ Total dissolved solids

Statistical analysis of groundwater monitoring
data indicate the following to be present:

pHt

Conductivity

Total dissolved solids
Manganese

Sodium

Fluoride

Nitrate

Mercury

Gross beta

Cadmium

Radium

Chloride

itional constituents present:
Gross alpha

Tritium

Strontium-90

Lead

Barium

Antimony
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Table B-12. Site Investigations and Monitoring at Waste Management Facilities in the F- and H-Area Geographic Grouping? (continued)

RCRA

Facility monitoring wel1P

Site investigations®

Monitoring results

MIXED WASTE SITES (continued)

Soil column constitqents include:

Plutonium-238
Plutonium-239, -240
Americium-241
Cerium-144
Curium-244
Cobalt-60
Cesium-134, -137
Tritium
Iodine-129
Promethium-147
Strontium-89, -90
Ruthenium-106
Technetium-99
Uranium-234, -235, =238
Zirconium-95
8arium

Chromium

Sodium

Lead

Zinc

Mercury

9Sources: Ward, Johnson, and Marine, 1587, Huber, Johnson, and Marine, 1987; Scott, Killian, Kolb, Corbo, and Marine, 1987; Jaegge
et al., 1987; DOE, 1985; Killian et al, 1987a,b; Du Pont, 1985b; Odum. et al., 1987.
bMoni tored hydrogeologic units for these wells are the Barnwell and McBean.’

CSee page B-1.
dNot RCRA monitoring wells,

TE
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Table B-1B. Site Investigations and Monitoring at Waste Management Facilities in the R-Area Geographic Grouping? TE

RCRA
Facility monitoring wellb Site investigations® Monitoring results
HAZARDQUS WASTE SITES
R-Area burning/rubble pits RRP 1 Wells monitored quarterly for RCRA and Statistical analysis of groundwater monitoring
{131-R, 131-1R) RRP 2 SCHWMR parameters. data indicates the following parameters to
RRP 3 Waste sediment characterization be present:
RRP 4 program to be conducted. ¢ Sodium
¢ (opper
R-Area acid/caustic basin RAC 1 Wells monitored quarterly for RCRA Statistical analysis of groundwater monitoring
(904-77G) RAC 2 and SCHWMR parameters. data indicates the following to be present:
RAC 3 Waste site characterization program ¢ Conductivity
RAC 4 completed by third quarter of 1985.. ¢ Chloride
¢ Total dissolved solids
e Sodium
Sediment samples showed metals and
other inorganics to be present.
LOW-LEVEL WASTE SITES
R-Area Bingham Pump outage MNone No monitoring wells exist at outage Vegetation growing above outage pits shows
pits (643-8G, G43-9G, pits, and records yield no evidence Tittle or no elevation in activity levels.
643-106) of core-sampling activity there.
Radioactivity in vegetation measured
in 1970,
R-Area seepage basins 48 monitoring Wells typically monitored for gross Groundwater constituents
(904-57G, 904-58G, wells asso- alpha, gross nonvolatile beta, and include
904-59G, 904-60G, ciated with tritium. ¢ Strontium-90
904-1036, 904-104G) R-Area reactor Soil borings were analyzed from ® Gross alpha
seepage basinsd sediment in and beneath backfilled ¢ Gross beta
basins in 1978. Soil contaminants include
e Cesium-137
& Strontium-90
ASources: Huber, Johnson, and Marine, 1987; Ward, Johnson, and Marine, 1987; Pekkala, Jewell, Holmes, and Marine, 1987a, b, CTC

bThe monitored hydrolgeologic unit for these wells is the Barnwell.
CSee page B-1.
dNot RCRA monitoring wells.

-2
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Table B-20. Site Investigations and Monitoring at Waste Management Facilities in the C— and CS-Area Geographic Grouping?

Facility

RCRA
monitoring wel1b

Site investigations®

Monitoring results

CS-Area burning/rubble
pits (631-1G, 631-5G,
631-6G)

C-Area burning/rubble pit
{131-C)

Hydrofluoric-acid spill
area (631-4G)

Ford Building waste site
(643-116)

CSR 1
CSR 2
CSR 3
CSR 4
No wells at
pit 631-6G

CRP
CRP
CRP
CRP

SN -

CSA
CSA
CSA
CSA

N

None

Footnotes on last page of table.

HAZARDOUS WASTE SITES

Wells monitored quarterly for RCRA
and SCHWMR parameters.

Waste site sediment characterization
program to be conducted.

Wells monitored gquarteriy for RCRA
and SCHWMR parameters.

Waste site sediment characterization
program to be conducted.

Welis monitored quarterly for RCRA
and SCHWMR parameters.
No soil-sample analyses performed.
LOW-LEVEL WASTE SITES

None

Statistical analysis of groundwater monitoring
data indicates the following to be present:

¢ Conductivity

¢ Sodium

Statistical analysis of groundwater monitering
data indicates the following to be present:
pH

Conductivity

Lead

Manganese

Sodium

Total organic halogen

Nitrate

Groundwater-monitoring results indicate
the presence of:
e Barijum
e Manganese

None

TE
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Table B-20.

Site Investigations and Monitoring at waste Management Facilities in the C- and CS-Area Geographic Grouping? (continued)

RCRA

Facility monitoring wellb

Site investigations®

Monitoring results

Ford Building seepage HXB 1
basin (904-91G) HXB 2
HXB 3

MIXED WASTE SITE

Wells monitored quarterly for RCRA
and SCHWMR parameters.
Basin-characterization study completed
in 1985.

Groundwater monitoring indicates the
presence of:

Nitrate
Mercury
Lead

Soil characterization data indicate the
presence of:

[N RN NE N NINEIMNNEINRNENNNE N ]

Cesium-137
Cobalt—60
Strontium-90
Alumi num
Arsenic
Cadmium
Chromium
Copper
Iron
Mercury
Nickel
Selenium
Zinc
Ammonia
Fluoride
Sulfate
Phosphate

4Sources: Huber, Johnson, and Marine, 1987;

Huber and Bledsoe, 19B7a;

Pekkala, Jewell, Holmes, Simmons, and Marine, 1987.
The monitored hydrogeologic unit for these wells is the Barnwell.

CSee page B-1.
Not RCRA monitoring wells.

Huber et al., 1987;

Pekkala, Jewell, Holmes, and Marine, 1987b;

TE

TC



Table B-25. Site Investigations and Monitoring at Waste Management Facilities in the TNX-Area Geographic Grouping?

{84

RCRA
Facility moni toring wellb Site investigations Monitoring results
HAZARDOUS WASTE SITES
D-Area burning/rubble pits D8P 1 Wells monitored quarterly for RCRA Statistical analysis of groundwater monitoring
(431-p, 431-1D) D8P 2 and SCHWMR parameters. data indicates the following to be present:
DBP 3 Sediment samples to be taken from s pH
D8P 4 facilities with similar inventories. & Lead
If contamination is indicated, all e Nitrate
burning/rubble pits with similar o Conductivity
inventories will be tested. & Manganese
& Sulfate
e Copper
LOW-LEVEL WASTE SITES
TNX burial ground None No groundwater monitoring wells exist Uranyl nitrate is possible soil
{643-5G) in immediate vicinity of TNX constituent.
burying ground.
No soil samples from burial area have
been analyzed.
MIXED WASTE SITES
TNX seepage basin, old XSB 1€ Wells monitored quarterly for RCRA Statistical analysis of groundwater monitoring
(904-76G) XsB 2¢ and SCHWMR parameters. data indicates the following are present:
XSB 3A€ Basin-sediment and swamp-sediment e pH
XsB 4¢ characterization program completed e Conductivity
X568 5, 5AC in 1984, & Barium*
XSB 3T¢ ¢ Chromium*
& Manganese®
& Zing*
& Gross beta
¢ Gross alpha
& Radium
& Total corganic halogen
¢ Total dissolved solids
¢ (Cadmium*
e Copper*
e Iron*
e Sodium

*Probable sampling artifacts.

Footnotes on last page of table.
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Table B-25. Site Investigétions and Monitoring at Waste Management Facilities in the TNX-Area Geographic Grouping?® (continued)

Facility

RCRA
monitoring wellb

Site investigations

Monitoring results

TNX seepage basin, new
(904-102G)

YSB 1A
YSB 2A
YSB 3A
YSB 4A

Footnotes on last page of table.

MIXED WASTE SITES (continued)

Wells monitored quarterly for RCRA
and SCHWMR parameters.

Sediment-sampling program (1.5-m cores)

conducted in fourth quarter of 1985.

Nickel
Nitrate
Total organic carbon
Beryllium
Lead
in-sediment samples contained:
Curium-243, -244
Plutonium-239, -240
Radium-228
Thorium-228
Uranium-235
Silver
Chromium
Copper
Nickel
Mercury
Cyanide
Swamp-sediment samples contain:
Radium-228
Thorium-228
Tritium
Uranium-235
Chromium
Mercury
Swamp water constituents include:
Gross alpha
Gross beta
Radium
Silver
Chromium
Copper
Mercury
Cyanide

" e ee

Ba

S0P 00O e oo

[ N N N N

L N N N N N J

Monitoring indicates little if any
groundwater contamination.

Soil characterization indicates no
significant organic contamination.
EP toxicity tests show basin
sediments to be nonhazardous.

TE
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Table B-25. Site Investigations and Monitoring at Waste Management Facilities in the TNX-Area Geographic Grouping?® {continued) TE

RCRA
Facility monitoring wellb Site investigations Monitoring results

MIXED WASTE SITES (continued)

The following constituents are found
in soils and groundwater:

Barium

Nickel

Chromium

Lead

Nitrate

Phosphate

Sodium

L N N RN

9Sources: Huber, Johnson, and Marine, 1987; Dunaway, Johnson, Kingley, Simmons, and Bledsoce, 1987a,b; Dunaway, Johnson, Kingley, TC
Simmons, Bledsoe, and Smith, 1987.

The monitored hydrogeologic unit for these wells is the Pleistocene alluvium,

CNon-RCRA wells.
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Table B-26. Site Investigations and Monitoring at Waste Management Facility in the D-Area Geographic Grouping? TE
RCRA b
Facility monitoring well Site investigations Monitoring results
D-Area waste oil basin 008 1 Wells monitored quarterly for RCRA Statistical analysis of groundwater
(631-G) DoB 2 and SCHWMR parameters. monitoring data shows that lead is
DOB 3 Sediments beneath waste-oil basin
DOB 4

to be characterized.

Following parameters to be measured:

¢ EP toxicity-metals

® Acid-base and neutral
organics

¢ Volatile organics

¢ (il and grease

9Source: Huber, Johnson, and Bledsoe, 1987.

the only constituent that is TG

significantly elevated in a down-
gradient well,

bThe monitored hydrogeologic unit for these wells is the Pleistocene alluvium,

TC
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Table B-27. Site Investigations and Monitoring at the Road A Area Geographic Grouping? TE

RCRA

Facility monitoring wellb Site investigations Monitoring results
Road A chemical basin BRD 1 Wells monitored quarterly for RCRA Elevated levels of lead are evident in a I TC
(904-1116) BRD 2 and SCHWMR parameters. downgradient well.
BRD 3 No so0il or sediment characterization
8RD 4 studies have been performed.

dSource: Pickett, Muska, and Bledsoe, 1987.
The monitored hydrogeologic unit for these wells is the McBean.

|TC
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Table B-30. Site Investigations and Monitoring at Waste Management Facilities in the K-Area Geographic Grouping?

Facility

RCRA

monitoring wellb

Site investigations®

Monitoring results

K-Area burning/rubble pit
{131-K)

K-Area acid/caustic basin
(904-806G)

K-Area Bingham Pump
outage pit (643-1G6)

Footnotes on last page of table.

KRP
KRP
KRP
KRP

KAC
KAC
KAC
KAC

None

Bl B —

L po—

HAZARDOUS WASTE SITES

¥Wells monitored quarterly for
RCRA and SCHWMR parameters.

Waste site characterization
program to be conducted.

Wells monitored quarterly for
RCRA and SCHWMR parameters.

Waste site characterization
program completed third
quarter of 1985,

LOW-LEVEL WASTE SITES

No monitoring wells exist at
outage pits, and records
yield no evidence of core-
sampling activity there.

Radicactivity in vegetation
measured in 1970,

Statistical analyses of ground-
water monitoring data indicate
the following are present:

Nickel

Conductivity

Manganese

Sodium

Total organic halogen

Sulfate

Statistical analysis of ground-
water monitoring data indicates
the following are present:

pH

Conductivity

Chloride

Sulfate

Sodium

Total organic halogen

Sediment samples showed the presence
of metals and other inorganics.

Vegetation growing above
outage pits shows 1ittle
elevation in activity
Tevels above background.

TE
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Table B-30. Site Investigations and Monitoring at Waste Management Facilities in the K-Area Geographic Grouping?® (continued)

RCRA
Facility monitoring well® Site investigations® Monitoring results
LOW-LEVEL WASTE SITES (continued}
K-Area seepage basin ks 19 Wells typically monitored for Groundwater monitoring
(904-656) KsB 2d gross alpha, gross nonvol- results show little evidence
KSB 3dd atile beta, and tritium. of contamination:
KSB 4A Analyses of so0ils beneath Basin soils contain:

reactor-area seepage basin
conducted in 1978,

& Cesium-137
& Strontium-90
¢ (Cobalt-60

3Sources: Huber, Johnson, and Marine, 1987; Ward, Johnson, and Marine, 1987; Pekkala, Jewell, Holmes, and Marine, 1987a, b.

bThe monitored geohydrologic unit for these wells is the Barnwell.
CSee page B-1.
dNot RCRA monitoring wells.

TE

TC
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Table B-32. Site Investigations and Monitoring at Waste Management Facilities in the L-Area Geographic Grouping?
RCRA monitgr-
Facility ing well Site investigations® Monitoring results

L-Area burning/rubble pit
(131-1)

L-Area acid/caustic basin
(904-79G)

CMP pits
(080-17G, 080-17.1G,
080-18G, 080-18.16,
080-18.2G, 080-18.3G,
080-19G)

Footnotes on last page of table.

CMP
CMP
CMP
CMP
CMP
CHp
CMP
CMP
CMP

8A, B, C
9B, C

108, C
118, C, TA
124, B, C
138, C
148, C
15A, B, €
168

HAZARDOUS. WASTE SITES

Wells monitored quarterly for
RCRA and SCHWMR parameters.

Waste site sediment characterization
program to be undertaken.

Wells monitored quarterly for
RCRA and SCHWMR parameters.

Waste site characterization
program completed third
quarter of 1985,

Wells monitored quarterly for
RCRA and SCHWMR parameters.

Soil borings taken and contami-
nated soil excavated from pits
{1984).

Area capped with impermeable
plastic and soil cover.

Groundwater monitoring
indicates no contaminants
present.

Statistical analysis of
‘groundwater monitoring
data indicates the
following are present:

L ]

® C(Conductivity

® Sulfate

¢ Sodium
Sediment samples showed
presence of metals

and other inorganics.

Statistical analysis of
groundwater data shows
the following are present:

Conductivity

Zinc

Nitrate

Sulfate TC
pH

Sodium

Groundwater constituents
include:

Benzene

Methylene chloride
Tetrachloroethylene
Toluene

Bisphthalate

Lead

Mercury

Zinc

Copper
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Table B-32. Site Investigations and Monitoring at Waste Management Facilities in the L-Area Geographic
Grouping® (continued)

RCRA monitgr—

Facility ing well Site investigations® Monitoring results
LOW-LEVEL WASTE SITES
L-Area Bingham pump None No monitoring wells exist at Vegetation growing above
outage pits (643-2G, outage pits, and records yield outage pits shows little
643-36) 'no evidence of core-sampling activity.
activity there,
Radioactivity in vegetation
measured in 1970.
MIXED WASTE SITES
L-Area oil and chemical LCO 1 Wells monitored quarterly for Groundwater constituents
basin (904-83G) LCO 2 RCRA and SCHWMR parameters. include:
LCO 3 Basin water, basin sediment, o Cadmium
LCO 4 and soil under basin sampled ¢ Chromium
in early 1985. ® Mercury
® Nickel
® |ead

® Tetrachloroethylene
Possible basin-soil con-
taminants include
Americium-241
Antimony-125
Cesium-137
Cobalt-60
Europium-152
Europium-154
Europium-155
Plutonium-238
Plutonium-239, -240
Promethium-147
Strontium-90
Tritium
Uranium-235
Uranium-238

3Sources: Huber, Johnson, and Marine, 1987; Ward, Johnson, and Marine, 1987; Scott, Kolb, Price, and Bledsoe, 1987;
Pekkala, Jewell, Holmes, and Marine, 1987b; Pekkala, Jewell, Price, and Bledsoe, 1987.

The monitored hydrogeologic unit is the Barnwell.
CSee page B-1.
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Table B-33. Site Investigations and Monitoring at Waste Management Facilities in the P-Area Geographic Grouping?

RCRA monitgr—
Facility ing well

Site investigations® Monitering results

P-Area burning/rubble pit PRP 1A
(131-P) PRP 2
PRP 3

PRP 4

P-Area acid/caustic basin PAC 1
(904-78G) PAC 2
PAC 3

PAC 4

P—Area Bingham pump outage None

pit (643-4G)

HAZARDOUS WASTE SITES

Wells monitored quarterly Statistical analysis of monitor-
for RCRA and SCHWMR ing data indicates the following
parameters. . to be present:

Waste site sediment characterization .
to be performed. ¢ Barium

e Lead

¢ Conductivity

&  Magnesium

¢ Sodium

¢ Total organic carbon
¢ Total organic halogen

Wells monitored quarterly for Statistical analysis of ground-
RCRA and SCHWMR parameters. water monitoring data indicates

Waste site characterization the following are present:
program completed third s pH
quarter of 1985, o (Conductivity

¢ Sodium

¢ Zinc

& Sulfate

o Total dissolved solids
¢ Chloride

Sediment samples showed metals and
other inorganics to be present.

LOW-LEVEL WASTE SITES

Mo monitoring wells exist at Vegetation growing above outage
outage pits, and records pits shows elevated but Tow
yield no evidence of core- Tevels of activity.

sampling activity there.
Radioactivity in vegetation
measured in 1970.

4Sources: Huber, Johnson, and Marine, 1987;
bThe monitoring hydrogeologic unit for these
CSee page B-1.

Non-RCRA wells.

Ward, Johnson, and Marine, 1987; Pekkala, Jewell, Holmes, and Marine, 1987a, b.
wells is the Barnwell.

TE

TC

TC
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Table B-34. Site Investigations and Monitoring at Miscellaneous Area Waste

Management Facilities?

Facility

RCRA monitor-
ing well

Site investigations

Monitoring results

SRL oil-test site (080-16G)

Gunsite 720 rubble pit

None

None

S0il beneath oil test site
plots characterized at
depths of 0-15, 15-30,
and 30-45 cm.

No studies on soil sur-
rounding site have been
performed to date.

Constituents present in

s0i1 include waste oil.

None.

A%qurces: Johnson, Pickett, and Bledsoe, 1987; Huber and Bledsoe, 1987b.
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Table B-6. Site Investigations and Monitoring at Waste Management Facilities in the A- and M-Area Geographic Grouping® TF
RCRA
Facility monitoring wel1b Site investigations® Monitoring results

ADB
AOB

Motor-shop seepage basin
(904-110G)

ABP
ABP
ABP
ABP

Metais-burning pit
(731-4A)/miscellaneous
chemical basin (731-5A)

Silverton Road waste SRW
site (731-3A) SRW
SRW

SRW

SRW

SR

SR

SRW

SRW

SRW

SR

SRW

SRW

SRW

SRW

SRw

AMB
AMB
AMB

Metallurgical-Lab basin
{904-110G)

Footnotes on last page of table,

1
2

1A
ZA

1
2, 2A, 2B
3A

Co~IOhUn b

9, 9A, 98
10

n

124,
134, 138,
14A, 148,
154, 158,
16A, 168,

128,

1A
3A

12C
13C
14C
15C
16C

HAZARDOUS WASTE SITES

Wells monitored quarterly for RCRA and
SCHWMR parameters.

Liquid sample from basin has been
analyzed.

Sediment beneath basin to be
characterized.

Wells monitored quarterly for RCRA
and SCHWMR parameters.

Surface soil analysis conducted in
January 1986.

Wells monitored quarterly for RCRA and
SCHWMR parameters.

Waste-site sediment characterization
program completed in 1983,

Conductivity survey completed.

Wells monitored quarterly for RCRA and
and SCHwWMR parameters.

So0il and basin-water characterization
program completed in 1985.

Trace quantities of following materials
present in the basin liquid:
o Ethylene glycol
Kerosene
Motor oil
Grease

Trichloroethylene and tetrachloroethylene
found in wells ABP-2A and ABP-3.
Surface soil analysis indicates presence
of :

¢ Tetrachloroethylene

® Trichloroethylene

e Trans, 1,2-dichloroethylene

Groundwater constituents include: TC
¢ Trichloroethylene

e Tetrachloroethylene

e 1,1,1-trichloroethane

e C(Chloroform

® Barium (Metals not observed
e Cadmium in recent surveys)

¢ Chromium

¢ Llead

® Iron

Waste sediment analysis inconclusive.

Soil constituents might include: | TC
® Trichloroethylene
e Tetrachloroethylene
o 1,1,1-trichloroethane
Conductivity anomalies most likely due to
increased clay content or metal objects | TC

Sediment samples contain no organic compounds
or metals above EPA guidelines.

Basin-water samples pass all drinking-water
standards except those for pH and iron
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Table B-6.

Site Investigations and Monitoring at Waste Management Facilities in the A- and M-Area Geographic Grouping? {continued)

TE

RCRA

Facility monitoring wellb

Site investigations®

Monitoring results

Burning/rubble pits ARP1A
(731-A, 731-1A) ARP2
ARP3
ARP4

ABS 1A
ABS 2A
ABS 3
ABS 4
ABS 5A

SRL seepage basins
[904-53G (two basins),
904-54G, 904-55G]

Footnotes on last page of table.

HAZARDOUS WASTE SITES (continued)

Wells monitored quarterly for RCRA and
SCHWMR parameters.

Waste-site sediment characterization
program to be initiated.

LOW-LEVEL WASTE SITES

Wells monitored guarterly for RCRA and
SCHWMR parameters.

Seepage basin sediment characterization
program completed in 1983.

Statistical analysis of groundwater monitoring
data shows the following to be present:
Manganese

Sodium

Sulfate

Nitrate

Iron TC

Statistical analysis of groundwater data

indicates the following are present:

® Manganese

¢ Sodium

e Chloride

Trichloroethylene and tetrachloroethylene

present in groundwater but might be from

another source.
Analysis of sediment cores showed the

following to be present:
Arsenic
Cadmium
Chromium TC
Copper
Fluoride
Lead
HerCU{y
Nicke
Silver c
Sodium
Americium-241
Cesium-137
Cobalt-60
Curium-243, -244
Plutonium-238
Plutonium-239, -240
Strontium-90
Uranium-235, -238
Tritium
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Table B-6. Site Investigations and Monitoring at Waste Management Facilities in the A- and M-Area Geographic Grouping?® (continued)

Facility

monitoring wellb

Site investigations®

Monitoring results

M-Area settling basin
(904-51G)

Lost Lake
(904-112G)

MSB
MSB
MSB
M3SB
MSB
MSB
MSB
MSB

Additional wells
to be installed

1A
2A
3A
4A
5A
6A
TA
8A

MIXED WASTE SITES

Wells monitored quarterly for RCRA and
SCHWMR parameters.

Initial (1981-1982) waste-site
characterization studies examined
waste 1iquid and sludge, as well
as so0il under basin and in overflow
ditch, seepage area, and Lost Lake.

Extended characterization program
(1984-1985) sought to confirm results
of 1981-1982 study and provide
additional data to support closure
activities.

Statistical analysis of groundwater monitoring

data indicates the following are present:
Conductivity

Total dissolved solids
Gross beta

Total organic halogen
pH

Gross alpha

Radium

Chromium

Manganese

Sodium

Nickel

Chloride

Cyanide

Fluoride

Nitrate

Sulfate

Dissolved organic carbon
Phenols

Total organic carbon
Zinc

constituents include:
Bisphthalate
Tetrachloroethylene
1,1,1-trichloroethane
Di-n~octylphthalate
Toluene
Tetrachlorobipheny}l
Pentachlorobiphenyl
Hexachlorobiphenyl
Trichloroethylene
Methylene chioride
Uranium

Lead

Nickel

Copper

Chromium

Barium

—_

L B B BE B O BN BN BE BN B BK B BN BN BECCE BN N BE BN RN BN OB OB OBN NN BN BN BRI BN BN N NI

3%ources: Huber, Johnson,

and Bledsoe, 1987.

and Bledsoe,

Pickett, Muska, and Marine, 1987;

The monitored hydrogeologic unit for these wells is the McBean.

CSee discussion on page 8-1.

; Scott, Killian, Kolb, Corbo, and Bledsoe, 1987;
Geraghty and Miller, 1985; Michael, Johnson, and Bledsoe, 1987; Huber, Johnson, and Marine, ?98?; Fowler et al., 1987; Pickett, Colven,
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APPENDIX C

REMEDIAL, TREATMENT, AND CLOSURE TECHNIQUES

This appendix describes potential remedial, treatment, and closure action
techniques and their applicability to existing waste sites on the Savannah
River Plant (SRP). It also provides the basis for identification of remedial
and closure actions associated with the existing waste site alternatives

Aocrpril o3 2. Qoo [ RN TR B Ry | —d cccoacce & -, g - 1
described in Sections 2.2.2 and 4.1 and assessed in this enviroaomental impact

statement (EIS).

The alternatives for the modification of waste management activities at exist-
ing waste sites are as follows:

¢ Removal of waste to the extent practicable at all waste sites, and
remedial and c¢losure actions, as required

¢ Removal of waste to the extent practicable at selected sites, and
remedial and closure actions, as required

* No removal of wastes, but remedial and closure actions, as required

®* No actionj that is, no remcval of wastes and no remedial and closure
actions

The principal remedial, treatment, and closure actions potentially associated
with these alternatives are the following:

¢ Groundwater pumping and possible chemical or physical treatment of
recovered groundwater

¢ Treatment of hazardous waste as a limited treatment application
¢ Surface sealing and capping as a closure action

Hundreds of engineering concepts and actions are available for the treatment
of wastes, for the remediation of waste sites, and for c¢losure actions,
although their feasibility has not been determined. The techniques described
in this appendix either have been initiated or are considered to be both
technically and economically attractive to the U.S. Department of Energy (DOE)
for existing waste site remediation. The descriptions of techniques for
potential remedial actions are derived from two handbooks published by the
U.S. Environmental Protection Agency (EPA, 1982; 1985). This EIS does not
select any specific remedial, treatment, or closure technique. DQE plans to
conduct studies involving groundwater monitoring and modeling and the
feasibility of approaches to establish firm remedial actions; the basis for
these studies will be an alternative strategy selected by DOE.

Section C.l1 describes corrective (remedial) actions, including permeable bed
treatment, groundwater pumping, and impermeable barriers, and their applica-
bility. Section C.2 describes the direct treatment of wastes and includes
general information on biological, chemical, and mechanical techniques for
waste treatment; it also addresses the applicability of these techniques to

c-1



SRP waste types. Section C.3 addresses closure actions, such as surface
sealing and capping, water diversion and control systems, and leachate control
systems. Section C.3 alsc describes the applicability of the closure actions
to existing SRP waste sites.

C.1 CORRECTIVE ACTIONS

Corrective actions for dealing with groundwater contaminated by waste disposal
sites are complex and dependent upon many variables. Many variables are site-
specific, including local topography, geology, surface-water and groundwater
hydrology, and existing and proposed future site development.

Corrective actions for dealing with contaminated groundwater include the fol-
lowing: (1) in situ treatment; (2) groundwater pumping; and (3) containment
or diversion. In situ treatment is a method by which contaminated groundwater
is allowed to flow through  permeable treatment beds (e.g., activated carbon).
The beds are installed vertically below the ground surface and are designed to
filter contaminants. Groundwater pumping is wused to remove contaminated
groundwater for treatment, contain a groundwater plume, or lower the ground-
water so 1t does not contact the waste disposal area and become contaminated.
Containment or diversion is the installation of impermeable barriers. These
barriers are positioned below the ground surface to either prevent groundwater
from migrating away from the site (containment) or divert groundwater and pre-
vent contact with waste materials (diversion). Although the following para-
graphs describe the corrective actions individually, an effective design often
combines two or more actions,

C.1.1 PERMEABLE TREATMENT BEDS

C.1.1.1 Description

Permeable treatment beds are sections of porous media through which contami-
nated groundwater passes and which remove the contaminants through physico-
chemical processes. Installed vertically below the ground surface in a manner
similar to, and often with, slurry walls, permeable treatment beds are a
viable means of in situ treatment (see Figure C-1).

Construction of a permeable treatment bed entails excavating a trench to
intercept the flow of contaminated groundwater, filling the trench with the
appropriate materials, and capping it. The trench extends to a confining
layer at some depth below the ground surface. Permeable treatment beds are
economical where the water table is close to the surface, and the aquifer is
shallow with bedrock or a confining layer limiting the depth to which the fill
must be placed. The width of the trench is determined by the velocity of the
groundwater flow, and the contact time required for effective treatment.
Finally, the trench must be long enough to contain the plume and prevent it
from circumventing the treatment beds.

The following materials are used in permeable beds to remove contaminants from
groundwater: (1) crushed limestone or crushed shell; (2) activated carbon;
(3) glauconitic greensands or zeolite; and (4) synthetic ion exchange resins.
Each of these materials is effective for the removal of specific contaminants;
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Figure C-1. Installation of a Permeable Treatment Bed

however, they are limited in service life to varying degrees and must eventu-
ally be replaced or regenerated.

Crushed Limestone

Permeable treatment beds of crushed limestone contain granular materials vary-
ing from gravel- to sand-size particles. The particle size used depends on
the results of the analysis of the type of so0il in which groundwater flows and
the level of groundwater contamination. Limestone is wused to neutralize
acidic flow. It also can be uged to remove metallic contaminants such as cad-
mium, iron, and chromium from groundwater.

c-3



Activated Carbon

Activated carbon is a carbon compound that has been heated without oxygen to
activate its pores. This material, which generally is derived from ccal or
wood, varies from pebble to sand size; it is also available in powder form.
Activated carbon is used to remove organic contaminants, such as carbon tetra-
chloride and polychlorinated biphenyls.

Glauconitic Greensands

Glauconite is a hydrous aluminosilicate clay mineral, rich in ferrie iron and
potassium. Glauconite occurs as dark, light, or yellowish-green pellets 0.9
to 1 millimeter long, as casts of fossil shells, as coatings and other grains,
and as a clayey matrix in coarser-grained sediments. Glauconitic greensand
deposits of the Atlantie Coastal Plain have a high potential for the removal
of heavy metals from contaminated water. High removal efficiencies are
reported for copper, mercury, nickel, arsenic, and cadmium,

Other Materials

Other materials that are used for removing contaminants from groundwater are
zeolite and synthetic ion-exchange resins. These materials are effective in
the removal of heavy metal contaminants but are seldom economical for perme-
able beds because of problems with short 1ife, high cost, and regeneration.

C.1.1.2 Applicability

Permeable treatment beds have limited applicability on the SRP. The depth to
groundwater at most of the waste sites is from 12 to 30 meters. The 'green
clay" is the first effective confining layer. It generally lies about 30 to
61 meters below the surface, except near Upper Three Runs Creek where it out-
crops (see Sections 3.4.1 and 3.4.2).

C.1.2 GROUNDWATER PUMPING

C.1.2.1 Description

Groundwater pumping alters the elevation of the groundwater through the devel-
opment of a cone of depression around the well, If wells are placed closely
together, the combined cones of depression result in a depression network,
which can lower the effective elevation of the groundwater over a large area.
Groundwater pumping serves two purposes: it retrieves contaminated ground-
water for treatment (Section C.2) and reduces further migration of the con-
taminants.

Groundwater pumping uses pumps to draw the groundwater to the surface through
a series of wells. An adequate well system requires a careful evaluation of
site conditions; a knowledge of seepage and groundwater flow to wells or well-
points; and an understanding of wells, wellpoints, and pumping equipment. Any
groundwater lowering (also referred to as dewatering) technology requires
careful consideration of the possible effects of its implementation.



Wellpoints

Wellpoints are small well screens approximately 5.1 to 7.6 centimeters in
diameter and 0.3 to 1.1 meters long. They are manufactured with brass or
stainless—steel screens and with closed ends, drive—point tips, or self-
jetting tips. Self-jetting-type wellpoints are installed in the ground with

water flowing out the tip under high pressure. Closed end or plain tip
wellpoints are installed into predrilled boreholes. Drive-point tips are
installed directly via drop hammer and are suitable for some soils. Lines or

rings of wellpoints installed on 0.9- to 3.6-meter centers and attached to a
common header pipe (15 to 30 centimeters in diameter) and connected to a
wellpoint pump (a combined vacuum and centrifugal pump) are called a wellpoint
system (see Figure C-2).

Wellpoints are a common method of dewatering for construction purposes. They
are applicable where the required depth of drawdown is no greater than 4.6 to

6.1 meters below the center of the header. Discharge capacity is generally on
the order of 0.95 to 1.9 liters per second.

Swing Joint with Shut-Off Cock

Riser

B Lowered Water Table

Well Point Screen|. ®
Covered with |+
Filtering Sand |

Jetting Holes &

Source: Adapted fram EPA, 1985,

Figure C-2. Well Point
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Deep Wells

Deep wells differ from wellpoints by their function, which is to pump heavy
flows over large vertical distances. These are typically large-diameter wells
with diameters that range from 15 to 51 centimeters. Well screens typically
range in length from 6 to 23 meters. Screens consist of a commercial-type
water well screen or a perforated metal pipe often surrounded with a properly
graded sand and gravel filter. Deep wells need 6- to 6l-meter centers,
depending on conditions. Pumping is performed with a submersible or vertical
turbine pump installed near the bottom of the well. Well pumps are available
in sizes from 0.3 to 379 liters per second, with head capabilities up to 183
meters.

Jet-Eductor Wells

Jet—eductor wells are wellpoints modified to provide lifts in excess of the
typical 5~ to 6-meter physical limits of standard wellpoints. Such a well is
a wellpoint attached to the bottom of a jet-eductor pump, with one pressure
pipe and a slightly larger return pipe.

Vacuum Wells

Vacuum wells are modified wellpoints or deep wells. The screen and riser pipe
of a vacuum well are surrounded with a free-draining sand filter extending to
within a few feet of the surface. The remainder of the s0il is sealed with
bentonite or impervious soil. The wvacuwn within the well effectively
increases the hydraulic gradient toward the well or wellpoints.

Vertical Sand Drains with Wellpoints or Deep Wells

Vertical sand drains are used with deep wells and wellpoints to drain strati-
fied soils where impermeable strata lay on top of more pervious strata. The
drains are constructed by drilling vertical boreholes through the impermeable
layers and are extended to underlying impermeable layers where wellpoints are
placed. The boreholes, usually 41 to 51 centimeters in diameter, are continu-
ously cased during advancement. The borings are filled with sand or other
appropriate pervious material and the casings removed. A system of vertical
sand drains is installed on 1.8- to 3.0-meter centers,

Sand drains with wellpoints or deep wells are applicable where a less perme-
able zone above a more pervious zone needs to be drained. The sand drains
intercept the flow in the upper zone and drain it to the lower zone where the
pressure is kept reduced by pumping from deep wells.

C.1.2.2 Applicability

Groundwater pumping is considered a viable method for recovering certain types
of contaminated groundwater for treatment at the SRP based on previous experi-
ence with groundwater contaminants. Generally, deep wells with submersible
pumps would be required. The capacity of each well is limited due to the
rather low transmissivity of the tertiary aquifer in areas where contaminated
groundwater has been identified. In the M-Area, for example, a system of 11
recovery wells is in operation. The recovered groundwater is routed to a 25-
liter-per-second air stripper that removes volatile organic compounds.
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In addition to this ongoing application, all potential groundwater remedial
actions identified in Appendix F would apply such pumping to recover the
groundwater for treatment. Groundwater pumping would also be used to prevent
further migration of contaminants.

€C.1.3 IMPERMEABLE BARRIERS

Impermeable barriers are underground structures designed to restrict ground-
water. The term "impermeable' is used in the context that most common types
of barriers are more appropriately labeled "low permeability' barriers. The
subject of impermeable barriers is readily divided into two broad categories,
configurations (Section C.1.3.1) and types (Section C.1.3.2),.

C.1.3.1 Barrier Configuration

The configuration of the impermeable barrier is its vertical or horizontal
position relative to the waste site. Configurations are called upgradient,
downgradient, circumferential, keyed (fully penetrating), or hanging {par-
tially penetrating). Impermeable barriers in use today include slurry walls,
grout curtains, and sheetpiles. Table C-1 summarizes the configurations for
impermeable barriers.

Keyed or Fully Penetrating

Keyed impermeable barriers are designed to block flow from passing through the
area in which they are located. They are vertical structures that are carried
from the ground surface to a confining stratum or impervious layer at some
depth. The barrier structure is "keyed" into the confining stratum, as shown
in Figure C-3.

Hanging or Partially Penetrating

Hanging impermeable barriers are not keyed into a low permeability confining
stratum. This configuration is generally used to control lighter-than-water
contaminants such as petroleum products, which float on the top of the ground-
water. The depth of the barrier depends on several variables, including the
thickness of the floating contaminant layer and the anticipated lowest possi-
ble water table elevation,

Circumferential Placement

In circumferential placement, an impermeable barrier is installed completely
around a waste site. With a cap and a leachate collection system, this bar-
rier can reduce or eliminate the migration of contaminants.

Upgradient Placement

Upgradient placement is the positioning of the wall on the groundwater source
side of a waste site. This type of placement is used to divert contaminated
groundwater around the wastes where there is a relatively steep gradient
across the site. Therefore, clean groundwater is prevented from becoming con-
taminated and leachate generation is reduced (see Figure C-4).



Table C-1. Summary of Configurations for Impermeable Barriers
Horizontal Configuration
Vertical
Configuration Circumferential Upgradient Downgradient

Keyed-in

Hanging

& Most common and
expensive con-
figuration to
use

® Most complete

containment

Vastly reduced

leachate
generation

® Used for float-
ing contamin-
ants moving in
more than one
direction {(such
as on a ground-
water divide)

Not common
Used to divert
groundwater
around site
in steep
gradient
situations
Can reduce
leachate
generation

Very rare

May temporarily
lower water
table behind
it

Can stagnate
leachate but
not halt flow

Used to capture
miscible or
sinking contam-
inants for
treatment or
use

Inflow not
restricted, may
ralise water
table

Use to capture
floating con-
taminants for
treatment or
use

Inflow not
restricted, may
raise water
table

impermeable
Barrier
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Figure C-3. Fully Penetrating Impermeable Barrier
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Figure C-4. Plan of Upgradient Placement with Drain

The design of upgradient barriers depends on site-specific variables. The
actual site setting and the contaminants involved determine whether an upgra-
dient wall can be keyed or hanging. Drainage and diversion structures might
be needed to alter the flow of clean groundwater (see Figure C-5).

Downgradient Placement

Installation of an impermeable barrier at a waste site at the side opposite
the groundwater source is referred to as downgradient placement (see Figure
C-6). The barrier serves as a temporary container of leachate and facilitates
its easy recovery. Because it does not reduce the amount of groundwater
entering the site, it is practical only in situations, such as near drainage
divides, where there is a limited flow of groundwater. Without a means of
recovery (i.e., deep wells or wellpoints), the volume of the barrier as a con-
tainer would eventually be exceeded and contaminated groundwater would flow
around the barrier and continue downgradient. Downgradient placement can use
keyed- or hanging-type construction.

C.1.3.2 Barrier Types

The type of barrier chosen is a function of many variables, such as availabil-
ity of materials, costs, required strength, and required permeability. Type
and configuration are considered simultaneously and depend on the overall
characteristics of each site.

Slurry Walls

Slurry trench construction developed in the mid-1940s from the technology of
clay-mud suspensions pioneered in o0il well drilling operations in the early
1900s. Today, this practice covers a range of construction techniques from




Figure C-5. Cut-away Cross-section of Upgradient Placement with Drain
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simple to complex. 1In recent years, engineers and contractors have become
aware of the low cost and nearly universal success of slurry wall cutoffs.
This technique has largely replaced such methods as grout curtain and sheet
piling cutoffs.

Two principal types of slurry walls, soil-bentonite (SB) and cement-bentonite
(CB), are in common use. The names are derived from the key ingredients in
the slurries used to construct each respective wall. Bentonite is a clay
mineral that is highly expansive when combined with water; it can swell 10 to
12 times its original volume.

Slurry walls are constructed by eXcavating a trench to the desired depth; mix-
ing a slurry of soil, bentonite, and water or of cement, bentonite, and water;
and backfilling layers of the slurry (see Figure C-7). As the backfilling
continues, the trench becomes completely filled with a monolith of s0il or
cement and bentonite of extremely low permeability.

Backfill Mixing Area Trench Spoils
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Source: Adapted from Spooner ef al, 1985,

Figure C-7. Construction of a Slurry Wall

Cc-11



Grout Curtains

Grouting is the pressure injection of one of a variety of special fluids into
a rock or soil body. These fluids set or gel into the rock or soil voids,
greatly reducing permeability and increasing the strength of the previously
ungrouted mass. Grouting of both soil and rock is a technology that has been
used successfully for decades in the field of dam design and construction.
The major use of curtain grouting is to seal voids in porous or fractured rock
where other methods’ of groundwater control are impractical or likely to be
ineffective.

Grouts can be divided into two main categories, suspension and chemical
grouts. Suspension grouts contain cement mixed with fine particle materials,
such as sand, clay, or bentonite. Chemical grouts consist of newtonian-type
fluids, either natural or synthetic, manufactured and marketed under various
trade names. Examples of chemical grouts include bituminous emulsions and
sodium silicate with settling agents, accelerators, or hardeners.

The grouting process involves drilling holes to a predetermined depth below
the ground surface and injecting grout with special equipment. A line of
holes in single, double, or triple staggered rows is advanced vertically into
the subsurface area. Grout is injected into every other hole to a predeter-
mined depth; thig is done until grout has been injected into each hole and the
hole is filled (see Figure C-8),

Few data are available on the ability of the grouts to resist chemical degra-
dation when contacted by contaminants. Special consideration should be given
to the reaction of chemical grouts with the leachate. Testing should be con-
ducted to determine these reactions before this grouting is used.

Sheetpile Walls

Sheetpile walls are narrow structural members that are driven below the ground
surface mechanically to a desired depth., Sheetpiles, which are made of wood,
concrete, or steel, serve a variety of functions in the construction indus-
try. Wood is an ineffective water barrier; concrete is used primarily where
great strength is required; and steel, which is an adequate sheetpile wall
when used for groundwater cutoff, is the most cost—-effective material
available.

Steel sheetpiles are thin-walled, interlocking sections that are driven into
the ground by pneumatic, steam, or vibratory piledrivers. They are manufac-—
tured in a variety of shapes and steel strengths. Lengths of the piles vary
from 1.2 to 12 meters, while typical widths range from 38 to 51 centimeters.
Longer lengths are available by special order.

C.1.3.3 Applicability

Barrier walls might be appropriate as a possible corrective action at the
Savannah River Laboratory (SRL) seepage basins, the Separations Area retention
basins, the radioactive waste burial grounds, the F-Area seepage basins and
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Sgurce: Adapted from EPA, 1982.
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Figure C-8. Grout Curtain

the H-Area seepage basins. The following factors limit their applicability to
other SRP waste sites:

Many SRP waste sites are located over groundwater divides. This pre-
cludes the application of upgradient barriers and generally requires
the use of expensive circumferential barriers.

Great depths would be required to reach an effective confining stra-
tum for the application of fully penetrating barrier walls. For
example, a cutoff wall approximately 46 meters deep, anchored into the
Congaree Formation, was required to prevent seepage through the
recently constructed L-Reactor cooling lake.

Generally, partially penetrating barriers are applied to control
lighter-than-water contaminants, especially oil. SRP sites that have
received 0il, such as the waste o0il basins, the L-Area o0il and chemi-
cal basin, and the SRL o0il test site, are not likely to require any
groundwater remedial action.
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C.l.3.4 Summary

Groundwater pumping appears to be a more applicable corrective action at the
SRP than either permeable treatment beds or barrier walls for the following
reasons!
& Groundwater pumping has already been demonstrated to be effective in
containment and subsequent treatment of M-Area groundwater.

e Depths to confining layers (aquitards) are great over most of the SRF,
thus requiring extensive excavation and disposal of potentially
contaminated soil around certain existing waste sites.

® Permeable treatment beds of several different materials would be
required to treat groundwater at many sites because of the mixed com-
position of the groundwater (i.e., sites that have demonstrated a
migration of contaminants usually contain more than a single contami-
nant), A single bed usually is not effective in removing more than one
kind of contaminant.

® The capacity of permeable treatment materials eventually becomes

exhausted. In situ regeneration is not feasible. The replacement of
an exhausted bed requires the subsequent disposal of the bed.

C.2 DIRECT TREATMENT OF WASTES

C.2.1 BIOLOGICAL TREATMENT

€C.2.1.1 Description

An effective way to treat large quantities of contaminated water is biological
treatment, which involves the use of microorganisms to digest organic materi-
als. Principal application of this treatment is for aqueous waste sireams;
however, some organic liquid-phase treatment is possible. Biological treat-
ment is accomplished by the use of one or two types of microorganisms, aerobic
or anaerobic. Treatment is conducted in large lagoons or small reaction ves-
sels or tanks. Contaminated water can be spread over land, which is known as
landfarming, or treated in place (as with groundwater).

Biological treatment is a versatile treatment process, although many factors
can affect its performance, such as:

Hazardous or toxic substances that inhibit biodegradation reactions
Retention time

Temperature; the ideal range is 10° to 38°C

Sensitivity to organic loading

Biocaccumulation

Post-Extraction Technologies

The following sections describe technologies that are appropriate for the
treatment of wasFe streams that have been extracted from the groundwater, have
been pumped from a lagoon or surface impoundment, or will be received directly
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as a process waste stream. Treatment can be done by many small units located
throughout the site, or can be treated in a large centralized facility. The
latter option is less likely to be affected adversely by a single-source shock
loading.

Aerobic treatment of waste depends on the use of aerobic microorganisms sup-—
plied with sufficient air or oxygen to digest organic wastes. The reactions
occur naturally in stabilization ponds, under controlled conditions in spe-
cially designed reaction vessels (digestors), or in lagoons with forced
aeration.

Activated Sludge

Activated sludge treatment is a continuous-flow treatment process where micro-
organisms suspended in the aqueous phase metabolize the organic constituents
in the presence of oxygen and nutrients. Digestion of the contaminant results
in the conversion of organic molecules into carbon dioxide and water. This
process is the most widely used and best-understood biological treatment
process.

An activated sludge process is designed according to one of three process
"types: ~high rate, conventional, or extended aeration. High-rate systems are
used for low-strength waste streams, while conventional systems are used to
treat higher levels of BOD and more resistant wastes. Aerated lagoons are
used when low BOD levels are accompanied by difficult-to-treat wastes, which
require a longer contact time.

Aerated Lagoon

Although primarily an aercobic treatment process, both aercbic and anaerobic
processes occur simultaneously in an aerated lagoon. Similar to the activated
sludge process, this system uses a continuous-flow aerated basin; however,
aeration and mixing are incomplete. Thus, the microorganisms are not entirely
suspended throughout the lagoon. Incoming material is treated aerobically;
however, as the undigested organics and dying microorganisms settle to the
bottom where dissolved oxygen levels are low, anaercobic organisms complete the
decomposition.

Trickling Filter

The trickling filter is a fixed bed of rock or plastic used as a support for
the growth of a biological film, The film or slime accumulates on the medium
as organic wastes are metabolized. As the microorganisms grow, the thickness
of the slime layer increases and the oxygen transfer to the inner layers
decreases. The microorganisms near the surface enter an endogenous growth
phase. The biomass near the surface of the medium begins to lose its ability
to attach itself. The flow of water ewventually detaches the heavier growths.
Treated water and excess biomass are removed by an underdrain system and
separated downstream by clarification.

Activated Biofilters

Activated biofilters (ABFs) operate as both attached and suspended growth
treatment systems. The filter medium is used to support the attached biofilm,

c-15



while periodic recirculation allows for a mixing of the biomass and the waste
stream. The intermittent aeration serves two purposes: to support the growth
of the aerobic organisms and to remove the excess biofilm.

Biological Activated Carbon

Biodegradation on biological activated carbon is a relatively new application
of two well-established technologies. This process can be used on waste
streams that cannot be treated effectively by either process individually.
The process Dbegins with the addition of activated carbon to an activated

sludge system.

This system is a combination of fixed film and suspended growth systems (simi-
lar to the biofilter). The biomass is suspended in the mixed liquor and also
attached to the powdered carbon particles. Adsorption and degradation take
place within the same basin. The underflow of settled carbon and biomass is
sent to a thermal regenerator where the carbon is regenerated, and the excess
sludge 1is destroyed. The regenerated carbon is then returned to the system
for further use.

This treatment system has been effective on waste streams with even signifi-
cant levels of priority pollutants. Heavy metals removal has also been

enhanced.

Anaerobic Treatment Technologies

Anaercobic treatment of waste streams uses faculative and anaerobic micro-
organisms in an enclosed reaction vessel to achieve organic contaminant diges-
tion, This process 1is applicable to wastewater treatment; however, it
generally is used to treat the heavy organic loadings associated with waste-
water sludges.

In-Situ Treatment

Biological treatment processes have been developed that permit the decontami-
nation of contaminated groundwater in place. Bioreclamation is a process in
which naturally occurring microorganisms are used to degrade the contaminants
in the aquifer. To promote the in situ degradation, constant amounts of oxy-
gen and nutrients must be supplied to the microorganisms. Injection wells
normally are used to supply these reactants.,

C.2.1.2 Applicability

The biological treatment of groundwater or hazardous waste streams has limited
applicability at the SRP. The major organic contaminants observed on the
Plant are chlorinated aliphatic compounds, which are among the most refractory
to aerobic or anaerobic degradation. The ease with which chlorinated mate-
rials are volatilized or sorbed on activated charcoal makes such processes
more attractive technically.

Treatment of contaminated water by biological systems can be done under a
variety of conditions and contaminant concentrations. Systems are available
that will decontaminate water in place by biodegradation, in a centralized

treatment facility using aerobic and/or anaerobic organisms, or in a combina-
tion of these systems.
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C.2.2 CHEMICAL TREATMENT

C.2.2.1 Description

Chemical treatment, the use of chemicals to achieve a desired contaminant
removal, detoxification, separation, destruction, or neutralization, is
achieved by many commercially available processes. Many waste-specific proc-—
esses are available; most fall into the following basic categories:

Oxidation/reduction
Precipitation
Liquid/liquid extraction
Neutralization

Ion exchange

Oxidation/Reduction

Chemical oxidation and reduction are processes for waste detoxification and
destruction. Oxidation is applicable to wastes that are oxidized by chlorine,
ozone, hydrogen peroxide, potassium permanganate, and chlorine dioxide. Chem—
ical dechlorination, a specific example of chemical oxidation, can be achieved
by ozonation. '

Chemical reduction is a process in which the oxidation state of a substance is
lowered specifically to treat certain soluble metal ions. The reduction of
hexavalent chromium to the trivalent state before precipitation with lime or
caustic is an example of one application of reduction technology.

Neutralization

The discharge of extremely alkaline or acidic waste streams can pose a signif-
icant threat to the environment. Such streams can be neutralized by many
available methods. The goal of such a process is to obtain an effluent that
has a pH suitable for discharge within regulatory guidelines and standards, or
that will not have a detrimental effect on downstream treatment processes,
such as biological treatment.

Precipitation

Chemical precipitation is a well-established process for the removal of inor-
ganic compounds. There are three basic types of precipitation systems: car-
bonate, hydroxide, and sulfide. 0Of these, the hydroxide system has found the
greatest use. Hydrated lime or sodium hydroxide is used to achieve an alka-
line pH.

Precipitation can be used to remove hoth cations and anions; however, the bulk
of its use has been for cation removal. The lime-soda scftening process is a
typical example of a cation precipitation process. This process is also a
good example of the carbonate process.

Hydroxide system precipitation can be used to remove a significant number of
soluble metal ions. Metals that form insoluble hydroxide precipitates include
iron, altuminum, manganese, trivalent chromium, lead, zinc, copper, mercury,



silver, cadmium, and nickel. The hydroxides of these metals are normally pre-
cipitated at alkaline pH.

Sulfide precipitation has come into common use only recently in wastewater
treatment. It is becoming more widely accepted due to the recent discovery
that many metal sulfides are less soluble than the corresponding hydroxides.
Two sources of the sulfide are sodium sulfide and ferrous sulfide.

liquid-Liquid Extraction

Liquid-liquid extraction is a chemical separation process that is used widely
to separate two immiscible liquid phases. It has, in the waste treatment
field, also been used to treat contaminated soils. The basis of either proc-
ess involves the use of a solvent to separate a contaminant or group of con-
taminants selectively from an aqueous phase or soil. In cases of gross water
contamination, liquid-liquid extraction is best suited for use when distilla-
tion would be difficult because the boiling points of the mixture are too
close to permit adequate separation. Following the actual separation, distil-
lation is used (if possible) to separate the contaminate. This permits sol-
vent reuse and the disposal of small volumes of hazardous waste.

Ton Exchange

Ion exchange is a process used to remove ionic species from an aqueous solu-
tion. In the process, the ionic species are replaced by ions on the ion-
exchange resin. A hydrogen ion is exchanged for a cation, or a hydroxide
group for an anion. In many applications, a toxic ion will be present in
small amounts with large amounts of a relatively innocuous ion of the same or
higher wvalence. Specific ion-exchange resins have been developed for the
removal of specific ions, and the use of these resins should be considered to
avoid high resin regeneration costs.

Ion exchange is considered applicable for removal of the following:
¢ All soluble metallic elements
® Inorganic anions such as halides, sulfates, nitrates, and cyanide
® Carboxylic and sulfonic acids, and some phenols at alkaline pH

¢ Radionuclides such as cobalt-60, yttrium-90, strontium-90, cesium-134
and -137, plutonium-238 and -239, and uranium-238

The ion-exchange resins, which eventually will become exhausted, can be regen-
erated or disposed of. The costs of onsite regeneration can be prohibitively
h%gh, especially when the site is remote. A system with replacement modules
might be desirable so the resins can be regenerated offsite. In addition, the
regenerant wastes will contain the removed ions at much higher concentrations
than the influent and must be treated further or disposed of properly.
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C.2.2.2 Applicability

Chemical treatment methods are effective measures for the remediation of con-
taminated waters and soils. Table C-2 lists some chemical treatment processes
and summarizes their possible applications as remedial actions.

Table C-2. Applicability of Chemical Treatment at SRP

Treatment method Application

¢ Oxidation/reduction Groundwater and surface-water
decontamination
- Metals
— Organic contaminants
- Radionuclides

¢ Neutralization Process waste streams with
extreme pH values

¢ Precipitation Groundwater and surface water
- Metals
— Radionuclides

¢ Liquid-liquid extraction Grossly contaminated water

and soils

¢ TIon Exchange Groundwater and surface water
- metals, dissolved solids,
inorganic anions, carboxylic
and sulfonic acids,
radionuclides

C.2.3 PHYSICAL TREATMENT

C.2.3.1 Description

Most of the physical treatment processes are concentration technologies.
Large wastewater streams contaminated with small concentrations of wastes are
treated to produce a cleaner product and a waste stream. The product stream,
or effluent, is a high-flow stream with little residual contamination, while
the waste stream is a low-flow stream with high concentrations of contami-
nants. The effluent should be clean enocugh for discharge, while the waste
stream must be taken to a landfill for disposal or treated and rendered
nonhazardous.

Flocculation, Sedimentation

Suspended sclids in waste streams inherently contain a wide distribution of
particle sizes depending on the type and amount of pretreatment that has
occurred. Influent streams can contain particles large enough to be wvisible,
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or small enough to be submicroscopic. These particles generally carry an
electrical charge (usually negative) which can be used advantageously in

removal.

Flocculation and a similar process, coagulation, are physical processes which
accomplish removal by agglomerating these similarly charged particles into
large settleable particles.

Activated Carbon Adsorption

Activated carbon adsorption is a physical treatment process that has demon-
strated efficient chemical removal from aquecus streams by chemical proc-
esses. The adsorption process involves the concentration of contaminants on
the surface of the carbon by physical and chemical means. Attractive forces
that predominate at the carbon surface are the basis for the contaminant
removal. Materials that have a relatively low solubility in water, or have
large molecules, exhibit good adsorption rates. Pésticides and PCBs are
examples of contaminants that fit this description. Compounds that are
adsorbed readily by activated carbon include aromatics, ethers, esters, and
the larger ketones. Alcohols (except for hexanols), amines, aldehydes, and
glycols are not adsorbed readily. Radionuclides such as cobalt-60 and
cesium—-137 can be removed successfully by this process.

Air Stripping

Volatile organic contaminants are removed readily from contaminated aqueous
streams by air stripping. This simple, inexpensive process strips the wvola-
tile compounds from the water using air as the transfer medium. Contaminated
water is charged into the top of a packed column and cascades over the packing
while large volumes of air are forced upward through the columnm.

This treatment technology is well suited to the treatment of solvents and
other volatile compounds that have migrated into aquifers beneath the SREF.
Water extracted by wells from the water-bearing zones is treated after collec-
tion in an air-stripping tower nearby. Such remedial actions are under way in
the A/M-Area.

Filtration

Both radioactive and nonradioactive solids can be separated from a liquid by
one of three filtration processes: cake, depth, and surface filtration.

Cake filtration involves the separation of solids from the aqueous phase by
passing the liquid through a porous filter medium, such as a cloth filter.
This medium allows liquids, but not solid particles, to pass. The process
yields a thick filter cake. When the operating pressure of the system
increases significantly, the medium must be cleaned or replaced. The concen-
trated waste is then sent to disposal.

In depth filtration, a bed of porous material is used as the filtration
medium. A waste stream passes through the filter, where the solid particles
become trapped between the small particles of the bed. Operating pressure is
also critical for this filtration type. At a certain pressure the bed must be
back-washed to return the bed to its original porosity.

c-20



In surface filtration, the liquid is strained. This process is similar to the
cake filtration process; however, it differs in that the matrix used for fil-
tration becomes clogged at a much higher rate than that used for cake
filtration.

Filtration can be used to remove radicactive and nonradioactive suspended

solids. This technology can remove radionuclides that have lower solubili-
ties, that tend to absorb to suspended particles, or that can be coprecipi-
tated with other cations. Alpha emitters, such as wuranium-238 and

plutonium-238, are radionuclides that might be removed by filtration.

Membrane Filtration

Three filtration processes fall under this heading: microfiltration, ultra-
filtration, and reverse osmosis. The applicability of each process is as
follows:

® Microfiltration and ultrafiltration - High-molecular-weight inorganic
and organic contaminants, uranium-238 and plutonium-238

® Reverse osmosis - Metal ions, low molecular weight organic contami-
nants, strontium-90, cobalt—-60, and cesium-134 and -137

Evaporation

Evaporation is a process in which heat is added to a liquid (usually water) to
vaporize it, resulting in the concentration of dissolved or suspended solids
or the removal of wvolatile substances. The concentrated materials must be
treated further or disposed of, and the vaporized liquid is released to the
atmosphere. Three types of evaporation methods are classified by the mode of
heat transfer:

® Indirect - heat source is separated from the solution by physical
barrier

® Direct - heat source is applied directly to the solution

e Natural - solar energy or natural diffusion of the solution to air are
used to induce evaporation

Evaporation methods are more effective for heavier radionuclides, such as
cesium-134 and -137, uranium-238, and plutonium-238. Evaporation is an effec-

tive way to reduce tritium concentrations in basins.

Electrodialysis

This process is used to transfer an ionic species from one stream of liquid,
through a semipermeable membrane, into another stream of 1liquid under the
influence of an applied electrical potential. The process depends on special
synthetic membranes that are permeable to a single type of idon. Cation
exchange membranes permit passage only of positively charged ions, and anion
exchange membranes permit the passage only of negatively charged ions, under
the influence of the electrical field.



C.2.3.2 Applicability

Physical or chemico-physical treatment processes have limited applicability
for the treatment of contaminated groundwater at the SRP. Air stripping of
volatile organic compounds, already in use in the A/M-Area, ion exchange for
the removal of soluble metals and radionuclides, and carbon adsorption for the
removal of volatile and semivolatile organic compounds offer the greatest fea-
sibility. Centralized treatment facilities might be advantageous.

C.3 CLOSURE

Site closure techniques and methods are designed to reduce surface-water
infiltration, to control runoff at waste disposal sites, to reduce erosion, to
stabilize the surface of covered sites, and to control leachate generation.
Closure techniques include capping, grading and revegetation, runcff diversion
and collection, and leachate control systems.

C.3.1 SURFACE SEALERS AND CAPS

C.3.1.1 Description

Surface sealing or capping is used to cover or close a waste site. It pre-
vents surface-water infiltration, isolates contaminated wastes and gases, con-
trols erosion due to surface-water runoff, and provides a surface for
vegetation. The process of surface sealing consists of covering the site with
a layer or system of layers of natural soils, modified soils, and synthetic
membranes. Other techniques wuse chemical sealants and stabilizers. The
choice of the covering material is influenced by such site-specific variables
as type of soils, availability and costs of materials, climate and hydrogeol-
ogy, designed function of the cap, nature of the covered wastes, reliability
of the covering material, and projected future life of the site.

Clay

Compacted soils are used commonly for surface sealing or capping. The capac-
ity of a soil cap to resist fluid infiltration is primarily a function of the
permeability of the soil material. Clays consist of fine particles with low
permeabilities. Clays are susceptible to cracking and dessication, which can
reduce their capacity to resist penetration. Therefore, they often are
installed as caps in conjunction with covers comprised of other soils or mate-
rials (see the paragraph on Multimedia Cap below).

Synthetic Membranes

Synthetic membranes are manufactured covers, commonly made of plasticized
polyvinyl chloride (PVC), polyethylene, and butyl rubber. They consist of a
raw polymer and carbon black, pigments, fillers, plasticizers, chemicals, and
processing aids.

Admixed Materials

Various admixtures can be combined with soil in situ to be used as covers for
hazardous waste sites. Admixtures include such materials as Portland cement,
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bituminous concrete, soil cement, soil asphalt, and blown asphalt. All these
types of covers are relatively expensive and usually require special mixing or
spreading techniques.

Chemical Sealants/Stabilizers

Chemical sealants and stabilizers can be added to scils to form strong and
less permeable covers for waste sites. The most common sealant/stabilizers
are cement, fly ash, lime, soluble salts, and freeze-point suppressants.
Portland cement can be added tc sandy scils in quantities as small as 1 per-
cent to stabilize and reduce the permeability of the soils. Scil is treated
chemically by the addition of lime. The addition of 2 to 8 percent lime will
strengthen fine cohesive s0ils over time due to the chemical reaction of the
lime with clay minerals. Lime also will increase the cementing properties of
the clay and reduce shrinking and swelling.

The combination of fly ash, lime, and water forms a cementing compound that
can be added to sands and gravels for strengthening and stabilizing effects.
It optimizes grain size distribution and reduces shrinking and swelling. Sol-
uble salts 1like sodium chloride and tetra-sodium pyrophosphate are added to
fine-grained soils containing clay minerals to act as dispersing agents. They
can break down the clayey aggregates into separate particles (deflocculate)
and thereby increase density, facilitate compaction, and lower the permea-
bility of the soil. A freeze-point suppressant such as calcium chloride can
be very effective in solution or in dry, flaked form. A suppressant is used
on poorly compacted soils during cold weather operations to reduce the
potential of the pore water from freezing.

Multimedia Cap

A multimedia cap combines two or more distinct materials in multiple layers
that perform specific functions. This cover is the preferred option under the
Resource Conservation and Recovery Act (RCRA) and is sometimes called a RCRA-
type cap.

A RCRA cap has a top soil layer to support vegetation; a water drainage chan-
nel or layer to provide an exit for water; a barrier layer or membrane to pre-
vent infiltration and percolation of water; a buffer layer to protect the
barrier by providing a smooth base; a filter layer to control the clogging of
coarse layers; and a gas drainage layer. Figure C-9 shows typical layered or
multimedia cover systems.

The barrier layer is the most important feature in a multimedia cap. This
layer or membrane, which controls the passage of water and gases, is usually a
clayey soil with low permeability or a synthetic membrane. The principal pur-
pose of a buffer layer is to protect the barrier layer, shielding it from
tears, cracks, offsets, and punctures. The water drainage channel or blanket
provides a path for water to exit quickly; recommended soils for this layer
are poorly graded sands and gravels. This channel is sometimes combined with
a system of buried pipe drains. Filters are used to reduce the clogging of
pores in the drainage layer by fine particles of another layer; the selection
of a filter material depends on the nature of material being filtered. A gas
drainage layer has a structure and function very similar to the water drainage
layer; the gas layer is below the barrier layer so it can collect gases rising
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from the wastes, while the water layer is above the barrier layer to intercept
water migrating from the surface.

C.3.1.2 Applicability

The waste sites on the SRP, where modeling results indicate a delay or
reduction in peak contaminant concentrations, could be retrofitted with one of
the surface sealers or caps described above. The particular system used would
be considered on a site-by-site basis. The multimedia cap might make an
excellent cover for use on the SRP.

C.3.2 BSURFACE-WATER DIVERSION AND COLLECTIQN SYSTEMS

C.3.2.1 Description

Surface-water diversion structures and collection systems provide either tem-
porary or permanent measures to control surface flows into a hazardous or
radiocactive waste site. They control flcoding and surface-water infiltra-
tion. The types of diversions and collectors include dikes and berms, open
channels, terraces and drainage benches, chutes, and seepage basins.

Dikes and Berms

A dike or berm (these names are interchangeable) is a well-compacted earthen
embankment of low-permeability, erosion-resistant, fine-grained soils. It is
positioned above, below, or around the perimeter of a disposal site to inter-
cept and divert surface water. An effective dike or berm thereby reduces ero-

sion potential and prevents excess runoff from entering the site and
infiltrating the fill.
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Open Channels, Diversions, Waterways

An open channel or swale is an excavated drainageway used to intercept and
divert surface water. Such a structure is usually temporary and typically
stays in place until the site is sealed and stabilized. A channel upslope of
the site can intercept surface water and divert flow; a channel below the site
can collect and transport sediment-laden flow to holding basins.

Diversions are shallow drainageways excavated along a contour of graded
slopes, with a dike along the downhill edge of the drain. In essence, a
diversion is a combination of a dike and a channel that is designed to provide
a more permanent control of erosion on long slopes that are exposed to heavy
surface water flows. It can be at the top or at the base of long graded
slopes of a site to intercept and carry flow. Diversions should be used only
for slopes of 15 degrees or less.

A grassed waterway is a wide drainageway that has been stabilized with vegeta-
tion or stonme riprap. It is usually positioned along the perimeter of a dis-
posal site located within the natural slopes. A waterway is designed to
collect and transfer surface water diverted from berms or diversions. A
grassed waterway can be part of the final grading design for a capped and
revegetated site.

Terraces or Drainage Benches

Terraces or drainage benches are located along the contours of long and steep
slopes. They slow down the surface water and divert it to channels or diver-
sions. These benches are considered to be '"slope-reducing devices.'" They
should be compacted and stabilized with vegetation.

A terrace is capable of isolating a site hydrologically, reducing erosion on
covers, and containing contaminated sediments eroded from the site. An
upslope terrace can slow and divert stormwater; a downslope terrace can inter-
cept sediments and divert them to basins.

Chutes and Downpipes

Chutes and downpipes are drainage structures located downslope from dikes.
They transfer concentrated runoff from an upper level to a lower level while
controlling erosion.

Chutes (or flumes) are open channels lined with bituminous concrete, Portland
cement, or grouted riprap. They should be on undisturbed soil or well-
compacted fill.

Downpipes, also called downdrains or pipe-slope drains, are located downslope
of a site. They are made of corrugated metal pipe or flexible plastic tub-
ing. They collect discharge and transport the flow to stabilized outlets or
traps. Because they have limited capacities, they can accommodate only low
discharges. A downpipe can collect and transfer surface water from long, iso-
lated outslopes or from small sites along steep slopes.



Seepage Basins and Seepage Ditches

Seepage basins and ditches intercept water from surface-water diversions or
groundwater pumps and discharge it back to the groundwater by letting it seep
through the ground. Such structures have a basin or ditch, a sediment trap, a
bypass for excess surface water, and an emergency overflow. They are lined
with gravel at the bases and have pervious material for the side walls. A
seepage basin is uncovered, while a seepage ditch is backfilled with gravel or
topsoil. Seepage ditches are used in parallel to increase seepage, and they
can distribute water over a larger area than basins. Seepage basins use gabi-
ons for vertical side walls and dense turf for the side slopes to prevent ero-
sion and allow infiltration.

C.3.2.2 Applicability

Any of the surface-water diversion and collection systems described above
could be implemented readily on the SRP. The relatively gentle slope found
throughout the Plant has the effect of reducing runcff velocities and concen-
trations. At most sites, a properly designed and installed cover or cap
should be sufficient to minimize the infiltration of water into a waste site.
The need for additional protection measures such as surface-water diversion
and collection systems would be reviewed during the predesign phase.

C.3.3 LEACHATE CONTROL SYSTEMS

C.3.3.1 Description

Leachate control systems prevent surface-water seepage and leachate from per-
colating to the groundwater. Leachate is the contaminated liquid that results
when surface water migrates down through layers of a landfill and contacts the
wastes. The leachate travels to the ground below or seeps from the sides of
the fill. A control system intercepts the leachate before it becomes a con-
tamination problem. A system is a series of drains that intercept and channel
the leachate to a sump, a wetwell, or a collection basin.

Subsurface Drains

Subsurface drains intercept leachate and transport it away from a site. They
are constructed by excavating a trench and laying underground tile or perfo-
rated piping from end to end. The pipe is surrounded with an envelope of
sand, gravel, and straw, woodchips, or fiberglass. The envelope is lapped
with a filter fabric to prevent fine so0il from clogging the drain. The trench
is closed by a backfill of topsocil or clay.

Drainage Ditches

Drainage ditches are open ditches 1.8 to 3.6 meters deep that can be trape-
zoidal in cross-section. They collect surface-water runoff, and are collec-
tors leading from subsurface drains or interceptor drains.

Drainage ditches might be required for flat or gentle rolling landfills that
have impermeable soils underneath, thereby making the use of subsurface drain-
age impractical. In some cases, these open drains are used to intercept sub-
surface collectors and transfer the leachate to a discharge point. Open
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ditches can collect lateral surface seepage from a disposal site and prevent
it from seeping into the groundwater or from flowing into protected areas.

Liners

Liners are used in new or existing sites to intercept leachate before it
reaches the groundwater. They are located beneath the fill and act as imper-
meable barriers. Prefabricated liners, pressure-injected grouts, and benton-—
ite slurry can all be used as bottom sealants, but prefabricated liners are
used only in new sites.

Cg3.3.2 Applicability

Leachate control systems and components are applicable primarily to new dis-
posal facilities.

C.3.4 SUMMARY

All the closure techniques, both surface-water controls and leachate controls,
described in the previous sections can be summarized in terms of functions.
These methods primarily reduce surface-water infiltration, control runoff,
reduce erosion, discharge water, and intercept leachate., Table C-3 summarizes
the individual techniques with their functions.



82-D

Table C-3. Closure Techniques and Functions

Function
Isolate & Collect & Intercept &
Minimize Minimize Control contain transfer Discharge transport
Technique runoff infiltration erosion wastes water water leachate
Surface seals X X X
& caps
With vegetation X X X
Dikes/berms X X X
Ditches/diversions/ X X X
waterways
Terraces/benches X X
Chutes/downpipes X X
Leachate controls X
X

Seepage basins &
seepage ditches
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APPENDIX D

PREDISPOSAL TREATMENT TECHNOLOGIES

The U.S. Environmental Protection Agency (EPA) broadly defines "treatment" as
"any method, technique, or process, including neutralization, designed to
change the physical, chemical, or biological character or composition of any
hazardous waste so as to neutralize such waste, or so as to recover energy or
material resources from the waste, or so as to render such waste nonhazardous,
or less hazardous; safer to transport, store, or dispose of; or amenable for
recovery, amenable for storage, or reduced in volume' (40 CFR 260).

For the purposes of this EIS, "predisposal treatment" is treatment provided to
wastes before storage or disposal to reduce their volume or alter their chemi-
cal or physical characteristics to render them less toxic or more stable.
This appendix categorizes, lists, and defines various predisposal technolo-
gies; discusses their applicability to hazardous, low-level radioactive, and
mixed wastes generated at the Savannah River Plant (SRP); and describes how
the applicable technologies could be employed and the results that might be
expected. :

D.1 APPLICABLE WASTES

The SRP generates appreciable quantities of hazardous, low-level radioactive,
and mixed wastes (Appendix E). Except for nonradiocactive polychlorinated
biphenyls (PCBs), all such wastes generated on the Plant are recycled, stored
for ultimate disposal, or deposited in an onsite waste disposal facility. The
Plant does not receive hazardous waste or nonbyproduct mixed waste from off-
site sources.

In the context of this appendix, predisposal technologies apply only to haz-
ardous, low-level radioactive, and mixed wastes generated by ongoing SRP
cperations, by existing waste site closure actions, and by offsite, defense-
related generators of low-level radiocactive wastes.

All hazardous wastes currently being generated either are stored in storage
facilities (buildings) or are recovered and recycled. Mixed wastes, such as
scintillation solutions and tritiated waste lubricating oils, are stored
either at the mixed waste storage facility or at the tritium facility, depend-
ing on their levels of radicactivity.

Virtually all hazardous, low-level radioactive, and mixed wastes generated on
the Plant are candidates for the application of one or more predisposal treat-
ment technologies. These wastes include the following:

® Hazardous and mixed waste combustible oils, solvents, and solids

® Mixed and low-level radioactive solvents, scintillation solutions,
contaminated equipment, razed-building rubble, and job control wastes

® Mixed waste sludges generated at effluent treatment facilities (ETFs)
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e Hazardous, mixed, and low-level radiocactive ash and scrubber blowdown
from incinerators

e Hazardous, mixed, and low-level radioactive waste, including contami-
nated soil.

D.2 AVAILABLE TECHNOLOGIES

D.2.1 VOLUME REDUCTION

During the past few years, there has been an industry-wide shift from limited
waste volume reduction to maximum reduction before disposal. This shift has
occurred for a number of reasons. The strongest is the realization that ade-
quate disposal sites are a diminishing resource and, therefore, that future
disposal capacity is uncertain and will be more expensive to develop (Voss and
Guilbeault, 1984). The stated objectives of the Savannah River Interim Waste
Management Program include the implementation of a sitewide effort to reduce
the volume of waste generated and to demonstrate the technology for incinera-
ting beta-gamma waste (DOE-SR, 1985). The technologies designed to reduce the
volume of wastes for disposal fall into two general categories: (1) incinera-
tion; and (2) concentration, which includes compaction and physical treatment
methods (Beamer, 1984; DOE, 1985; Enegess, 1984; Giuffre et al., 1984; NRC,
1981; OTA, 1985; Rutland, Papaiya, and Naughton, 1984).

D.2.1.1 Incineration

As a volume reduction technique, incineration is applicable primarily to
organic wastes, which combine with oxygen in the air through combustion at
high temperatures to form carbon dioxide, water vapor, minor quantities of
other waste gases, particulates, and residual ash. The residuals from this
process consist of inorganic material (ash) and possibly scrubber blowdown
from exhaust gas pollution control devices. Usually, these residuals are sent

to a landfill for disposal, often after they have been solidified (see Sectiom
D.2.3.4).

D.2.1.2 Compaction

Compaction includes several processes that achieve volume reduction by com-
pression and crushing to reduce interstitial air space within the bulk mate-
rial. Compaction is much more efficient in terms of disposal capacity; it
improves the stability of landfills after closure; and it decreases leachate
generation and contaminant migration by minimizing the conduits within which
liquids can percolate through the waste. Solid and semisolid waste materials,
particularly noncombustibles, can be compacted before disposal to achieve
volume reduction if other methods are not possible or feasible.

The nuclear industry has used several compaction techniques to reduce the vol-

ume of noncombustible solid wastes before storage, shipping, and disposal
(NRC, 1981): ‘

® Compactors - compress material into final storage, shipping, or dis-
posal containers .
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¢ Balers - compress material into bales to maintain volume reduction-

® Baggers - compress material into slugs that are injected into bags,
metal containers, etc.

Supercompactors substantially reduce the volume of large metal objects and
other pieces of equipment.

As a predisposal treatment technology, compaction could be applied to a vari-
ety of hazardous, low-level radioactive, and mixed wastes, particularly solid
noncombustible wastes. It is most applicable in the treatment of laboratory
and job control wastes; under special conditions, it would be useful in the
predisposal treatment of wunincinerated, unsolidified wastes exhumed from
existing SRP waste sites. Developmental research might show that supercompac-
tors are applicable to materials from renovations and from decommissioning and
decontamination projects. In some instances, compacting wastes as they are
placed in above- or below-ground landfills might be desirable. Standard geo-
technical techniques using sheepsfoot, rubber-tired, smooth, or vibratory
rollers can achieve desired compaction results.

D.2.1.3 Shredding

The shredding of solid wastes containing hazardous or radicactive contaminants
not only reduces the size of the particles to be placed in a container, incin-
erator, or landfill, but also provides a uniform particle size distribution.
When applied before incineration or compaction, shredding produces a more uni-
form burn or a greater, more uniform density of compacted waste.

A number of types of size reduction (shredding) machines are used to handle
industrial solid waste; these include the hammer mill, knife-cutters, jaw
crusher, and bulky waste crusher. The actual size of the reduction depends on
the waste type, feed rate, and type of shearing. Generally, small shredders
(7 to 45 horsepower) are used to prepare combustible waste for incineration,
while large shredders (160 horsepower) are used to reduce noncombustible
wastes for compaction or disposal (Charlesworth, 1985).

Shredders might be installed on some SRP incinerators in the 1994 timeframe.
Further research might identify other applications of shredding technology on
the Plant.

D.2.2 CONTAINMENT

Containment technologies use fairly inert materials to reduce the leachability
of a waste and to improve its stability before disposal. They have been
applied successfully to hazardous and low-level radioactive wastes (COE, 1984;

DOE, 1985; EPA, 1982a; NRC, 1981).

D.2.2.1 Solidification/Stabilization

Wastes can be mixed with a binding agent and cured to form a solid. This usu-
ally reduces leachability because the binding agent (1) complexes or binds the
hazardous contaminants in a stable, insoluble form, or (2) entraps the waste
material in a crystalline matrix.
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Typical processes used to solidify low-level radiocactive and mixed wastes
include the following:

Cement-based

Pozzolanic (lime-based)

Thermoplastic (including bitumen, paraffin, and polyethylene)
Organic polymer

Self-cementation

Glassification

In general, each process has features that make it particularly useful for the
treatment of specific kinds of waste. Similarly, each process has limitations
that restrict or even preclude its use on certain wastes. Thus, solidifica-
tion processes tend to be waste-specific. Table D-1 summarizes the compat-
ibility of these processes with various types of hazardous, mixed, and
low-level radioactive wastes.

Cement-based and pozzolanic processes are used commonly to solidify hazardous
and low-level radiocactive wastes, although some of these processes might not
be effective in the immobilization of heavy metals and fairly mobile isotopes
such as cesium (COE, 1982; Clark, Perry, and Poon, 1985; Croney, 1985; Kalb
and Columbo, 1984; Miller et al., 1984). However, the U.S5. Army Corps of
Engineers (COE, 1984) has found Sealosafe (registered trademark of the Stablex
Corporation) to be effective in preventing excessive leaching of heavy metals
from a solidified waste. Similarly, a lime/bentonite/cement mixture effec-
tively fixes metals within the solidified mass (Escher and Newton, 1985). The
gypsum cement, Envirostone (a registered trademark of United States Gypsum),
produces solidified waste forms meeting all the criteria recommended by the
U.S. Nuclear Regulatory Commission (NRC) (Phillips, 1984) for compliance with
10 CFR 61 (Rosenstiel and Lange, 1984; Rosenstiel, Bodet, and Lange, 1984).

Solidification technology is applicable to the predisposal treatment of a
variety of hazardous, low-level radiocactive, and mixed wastes. These include
material exhuwmed from- SRP waste sites, incinerator wastes, low-level radio-
active and mixed organic and evaporator b