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"-.. ABSTRACT

v.

ro-et - "Site 'selection, alternative facilities, and alternative

~*operations ‘are described for a new low-level solid radioactive waste
" '’'storage/disposal -operation at the Savannah.River Plant.

Performance
.assessments and . cost estimates for the alternatives are presented.
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SUMMARY

Siting, facility, and operational alternatives are described
for a new low-level solid radioactive waste storage/disposal
operation at the Savannah River Plant. Performance assessments and
cost estimates are also provided.

B8ite Selection

Three candidate sites meet the performance criteria for waste
storage/disposal operations. The sites are Site G (200 acres
directly north of the present low-level waste disposal site 643-7G),
Site B (300 acres northeast of H-Area), and Site L (100 acres
southwest of F-Area).

Facility Alternatives

Storage or disposal facility options that can be used
for different operational alternatives are: shallow land burial
(called near surface disposal by the NRC), greater confinement
disposal in trenches or in boreholes, above grade operation, above
or below grade vaults, engineered storage, and engineered disposal.

The quantity of solid low-level waste to be stored, treated, or
disposed of is about one million cubic feet annually at SRP.
Pretreatment options such as reduction in the waste generation rate,
volume reduction, waste stabilization, and waste containerization
are described.

Seven major operational alternatives are:
ALTERNATIVE 1: PRESENT OPERATIONS AT NEW SITE

The present method of near surface disposal would
be continued at an alternative site. Current
operations consist of: trench disposal, greater
confinement disposal in boreholes or a demonstration
trench, disposal of low activity waste in metal
containers that are stacked in an engineered
low-level trench, and retrievable storage of
contaminated but reusable equipment.

ALTERNATIVE 2: NEAR SURFACE DISPOSAL WITH EXCEPTIONS

Near surface disposal of low-level waste would
continue at an alternative site as described in
Alternative 1, but tritiated waste would be
segregated for decay-in-place storage, and carbon-14
and iodine-129 waste would be segregated and stored.

=XXV-=
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ALTERNATIVE 3: COMBINATION OF FACILITIES

A combination of facilities especially suited to the
SRP waste streams would be used. Examples of these
facilities are: disposal of high activity waste in
above or below ground vaults that have percolate
water collection, or greater confinement disposal in
engineered boreholes or trenches with percolate
water collection systems; disposal of low activity
waste in above or below ground vaults, or in above
grade operations; a storage facility for tritiated
waste to allow for decay-in-place; and retrievable
storage of waste containing long-lived radionuclides
like carbon-14 and iodine-129. Waste treatment to
reduce volume or stabilize the waste, for example,
would be emphasized.

ALTERNATIVE 4: ENGINEERED STORAGE

All waste would be stored in a combination of
storage facilities =-- boreholes, concrete bunkers,
shielded cells, and storage buildings, for example
-- depending on the radiation level of the waste.
This alternative is similar to the waste storage
operation at the Ontario Hydro facilities in Canada.

ALTERNATIVE 5: ENGINEERED DISPOSAL

High activity waste would be disposed of below
ground in concrete monoliths with complete percolate
water collection. The monoliths would be designed
to be rigid engineered structures; a thick concrete
pad is provided to cover the monoliths at the ground
surface level. Low activity waste would be disposed
of in containers on the concrete pads above the
monoliths. Pads would be provided with a percolate
water collection system. The above ground waste
would be stabilized before being placed in
containers. The stabilized containers would be
covered with gravel and soil, and a low permeability
cover would be added when the facility is closed.
This design would be similar to that at the French
facility for low-level waste disposal at Centre de
la Manche near Cherbourg, France.

ALTERNATIVE 6: VAULT DISPOSAL OF UNTREATED WASTE

In this alternative, all of the waste would be
placed untreated in an above or below grade vault
and stabilized in place with grout. Vaults for high
activity waste would have a percolate water
collection system. The intent of this alternative
would be to simplify waste treatment and emplacement
methods as much as possible but still provide a
final stabilized waste form.

-XxXvi-
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ALTERNATIVE 7: NO ACTION

The present waste management practices would be
continued at the present disposal site, and no new
site would be developed. This alternative is not a
viable option because the present site is nearing
the end of its useful lifetime. It is not
considered further in the performance assessments or
cost estimates.

- Alternatives 3, 4, 5, and 6 would be designed to have
virtually no impact on ground water. Percolate water would be
collected and monitored, and if monitoring results were above
established limits the percolate water would be treated,
stabilized, and disposed of in the facility or treated as low-level
liquid waste in a separate facility.

Environmental monitoring requirements, closure alternatives,

and site suitability for the different disposal operations also are
discussed.

Performance Assessment

Long-term performance of the operational alternatives
described above is discussed. Concentrations of radionuclides in
well water, Upper Three Runs Creek wetlands, Upper Three Runs
Creek, and the Savannah River were calculated for a period of
10,000 years after site closure. Particular emphasis was given to
the first 1000 years. 1In addition, fifty-year whole-body dose
commitments were determined for individuals in the general offsite

population and for site intruders after the period of institutional
control.

The impacts of radionuclides released from the facilities into
the groundwater system were compared to the USEPA 4-mrem annual
dose limit for drinking water and the DOE Interim Derived
Concentration Guides for effluent streams. The drinking water
limit was applied to the boundary well results and to the Savannah
River results, while the concentration guides were applied only to
the surface waters.

Tritium, most fission products, and activation products are
beta-gamma emitters that have modest to short half lives. The time
dependence of radionuclide concentrations at receptor locations
reflects a complex interplay of leach rate, retardation, decay, and
source term distribution. These short-lived species tend to
exhibit distinct global maxima in concentration whereas long-lived
species usually exhibit broad plateaus. O0f the beta-gamma
emitters, only short-lived tritium and long-lived technetium-99
have potentially significant impacts on the groundwater.
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The long-lived alpha-emitting radionuclides behave much like
nonradioactive species. In most cases, these radionuclides have
moderate to large site equilibrium sorption coefficients and also
have extended leach times. Thus, the concentrations of these
isotopes will eventually build up to plateau values at each
receptor location - the well, creek, and river - but usually at
times greater than 1000 years after closure, and in some cases
beyond 10,000 years after closure. These concentration plateaus
may last for hundreds of years to tens of thousands of years,
depending upon the radionuclide-specific leach times. Two
short-lived alpha emitters, plutonium-238 and plutonium-241, have
large sorption coefficients, so that the concentrations at the
distant receptor locations are reduced to very low levels by the
processes of redardation and decay.

The boundary-well pathway dominates the projected impacts.
None of the other pathways - surface waters, the intruder food
pathway, or direct gamma exposure - produce discernible impacts.
For the boundary well, six radionuclides are of concern - tritium,
the four uranium isotopes, and plutonium-239. All six species give
doses greater than or equal to 4 mrem in one or more of the
alternatives.

The tritium dose is largest for Alternative 1. The impact of
tritium at the boundary well can be reduced by using the waste
management practices of Alternatives 2, 3, 5 and 6. The exclusion
of major tritium waste streams from the facilities or the use of
improved waste forms and/or engineered barriers greatly reduce the-
projected doses from tritium in these alternatives.

Because of the large source terms, the very long half-lives,
and the lack of solubility controls in the initial calculations,
significant concentrations were initially estimated for
uranium-234, 235, 236, and 238 in the groundwater at the boundary
well. Uranium chemistry is quite complex, and it is likely that

- some sort of solubilty limit exists for uranium in the site

environment. As a point of comparison, the uranium calculations
were repeated with a total uranium solubility limit of 100 ppb.
This value is representative of what might be expected in the
environment, but it has not been established as the SRP site value.
The resulting uranium doses are significantly lower when calculated
with this solubility limit. The solubility of uranium in the site
groundwater environment may be a major controlling factor in the
release of the uranium isotopes to the biosphere.

Application of either the 4-mrem EPA drinking water standard
or the DOE Derived Concentration Guides suggests that there are no
discernable radiological impacts on the individual offsite user of
Savannah River water. There is a small but finite collective risk
to a population of 100,000 people who use the water.

Direct gamma exposure to an intruder who builds a house on the
site was estimated. Immediately after the end of institutional
control, the total direct gamma dose to the intruder is 4.4x104
mrem/yr. This is a peak value because decay continually depletes
the source term.
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1. S8ITE SELECTION PROCESS FOR A NEW LOW-LEVEL RADIOACTIVE WASTE
S8TORAGE/DISPOSAL FACILITY AT THE SAVANNAH RIVER PLANT

l.1 S8ITING ALTERNATIVES

1.1.1 Region of Interest

The first step taken in selecting a site for a new radioactive
waste storage/disposal facility is to assume that the waste would
continue to be disposed of at the Savannah River Plant. Thus the
region of interest is taken to be the 300 square miles of the
Savannah River Plant site.

1.1.2 1Initial Screening

1.1.2.1 8Screening Criteria

The subsurface geology and hydrology of the SRP site were
evaluated for areas especially favorable for disposal and storage of
low-level radioactive waste. Seventeen potential sites were
identified for consideration, and the more favorable were subjected
to more site specific geologic and hydrologic investigations
including test borings to define the geohydrology. More extensive
hydrologic studies to evaluate groundwater flow directions and
velocities will be conducted to further characterize the three sites
identified as being best suited to host the new facility. The top
rated site will be proposed as the location for a new facility for
storage/disposal of low-level radioactive waste.

The criteria established and applied in the identification of
potential sites consider both economic and geotechnical
constraints. However, since one evident mode of migration of
radioactive nuclides from a disposal/storage site to the biosphere
is through soil moisture and groundwater movement, the geohydrology
of the site becomes an important consideration in site selection.
Maximizing the retention capabilities of a geologically well chosen
site can be accomplished through engineering design and construction
techniques.

In humid regions such as South Carolina, the water table is a
subdued expression of the land surface. The water table is always
highest in elevation in the interstream areas and lowest in
elevation in the stream valleys. Water in the form of precipitation
enters the ground on the interstream areas of the Aiken Plateau and
discharges in the low areas of the stream valleys.
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Valleys of streams that are tributaries to the Savannah River
at SRP are asymmetrical. The slope of the northwest side of the
valley is gentle, being approximately 0.008, whereas the slope of
the southeast side is steep being approximately 0.08. (These
features are present only on those major streams that flow NE to SW
as tributaries to the Savannah River do. They are not present on
the smaller tributaries to the major streams that flow NW or SE.)
These factors have a large influence on depth to the water table
from the ground surface. However, the depth to the water table
depends on the relative slope of the land surface versus the slope
of the water table. Thus the greatest depth to the water table will
occur below the tops of "cliffs", i.e., on the southeast flanks of
the stream valleys tributary to the Savannah River. Figure 1.1-1
illustrates the principles just discussed.

Balanced against maximizing the depth to the water table is
maximizing the distance to surface streams. Thus it may be prudent
not to place the low-level waste storage/disposal site right at the
lip of the "cliff" even though this would maximize the depth to
water. Considerations of erosion and distance to the surface stream
would dictate that the site be farther from the edge of the
"cliff",

Criteria considered in the identification of potential sites
include:

o Remoteness from Plant boundaries.

o Convenience to waste generators, transportation, and utility
lines.

o Relatively flat topography to minimize erosion potential.

0 Maximum reasonable horizontal and vertical distance to
surface streams to increase the flow path and time of travel
of subsurface water. This criterion also reduces the
potential for flooding.

o Low hydraulic conductivities and hydraulic gradients to
increase the time radionuclides spend in the disposal site
area and therefore maximize radionuclide decay.

0 Maximum distance between the bottom of the waste and the
water table because horizontal travel in the ground does not
begin until the radionuclides reach the zone of saturation.

0 Minimum depth to water table should be on the order of 50 to
60 feet to allow placement of the waste above the zone of
water table fluctuation while allowing for a minimum soil
cover of 15 feet (5m) over the waste after placement.

o Sufficient areal extent (approximately 200 acres) to
accommodate existing and projected waste inventories.
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1.1.2.2 Identification of Potential Storage/Disposal Sites

Seventeen sites were identified by the criteria and principles
discussed above. Existing data from topographic maps, monitoring
wells, and water table maps were used. The approximate locations of
the 17 sites, herein designated sites A-Q, are shown on Figure 1.1-2
(Savannah River Plant Site Map). More detailed locations and
physical features for each of the seventeen sites are shown on
Figures 1.1-3 through 1.1-12. A brief description of each site is
presented below.

SITE A

Site A is located north of the intersection of Roads 2-1 and
2-1.1, west of Road 2-1.1 (Figure 1.1-3). The site is in an
interstream area between two major streams, Upper Three Runs Creek
and Tinker Creek. At the closest point the site is approximately
2500 feet east of the main channel of Upper Three Runs Creek and
about 6000 feet west of the main channel of Tinker Creek, and some
14,000 feet (2.6 miles) north-northeast of the confluence of the two
streams. The proposed site covers an area of approximately 135 acres
(3000 feet x 2000 feet) with ground surface elevations ranging from
about 280 to 350 feet above mean sea level. The western periphery
of the site is about 1000 feet from the edge of a bluff which slopes
steeply to Upper Three Runs Creek. The slope from the eastern side
to Tinker Creek is relatively gentle. No standing or flowing
surface waters are observed. No water table data are available.

S8ITE B

Site B is a rectangularly shaped area approximately 7300 feet
long and 1800 feet wide occupying some 300 acres partly in Aiken
County and partly in Barnwell County. The site is located parallel
to Road E-2.1 about 11,000 feet (2.1 miles) northeast of H Area
(Figure 1.1-4). Tinker Creek is located 5500 feet west at the
closest point. Unnamed tributaries of Tinker Creek are located about
1000 feet to the west. Topographically the site is relatively flat
with elevations ranging from 300 to 330 feet above mean sea level.
No evidence of standing or flowing surface water is observed on a
traverse of the site. Three borings have recently been drilled and
piezometers installed as part of a site selection and evaluation
study to determine the location of a non-radioactive hazardous waste
landfill. The three borings were drilled to depths of 70.5 feet,
65.5 feet, and 70.5 feet. The borings indicate primarily fine to
medium sand with varying amounts of clay to the depths explored.
Depth to waters ranged from 54.6 feet to 65.0 feet below ground
surface. :
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SAVANNAMN RIVER PLANT
SITE MAP
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Figure 1.1-2 Potential Waste Disposal Sites
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Site E (April, 1965)

Figure 1.1-7 Depth to Water Table,
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Figure 1.1-9 Depth to the Water Table, Site F (April, 1965)
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8ITE C

Site ¢ is located west of Road F approximately 3000 feet from H
Area and 1500 feet east of Upper Three Runs Creek and 500 feet west
of an unnamed flowing stream (Figure 1.10-5). This site encompasses
an area of about 90 acres. Topographically the site is gently
sloping to the south with elevations ranging from 250 to 280 feet
above mean sea level. Outside the immediate site area the ground
surface slopes steeply to the north and west in the direction of
Upper Three Runs Creek and an unnamed tributary to the south. Water
level data from a well drilled 300 to 400 feet from the eastern
boundary of the site shows a depth to water of approximately 55

feet. Figure 1.1-6 shows the average elevation of the water table
in the general area.

8ITE D

Site D is located to the west of F Area between F Area and
Upper Three Runs Creek (Figure 1.1-5). The site is about 80 acres
in area. Topographically the site is gently undulating with surface
elevations ranging from about 250 to 300 feet. However, the ground
surface becomes steep on three sides in the direction of Upper Three
Runs Creek, which is located at an elevation of about 130 to 120
feet, 1500 feet to the west of the site boundary. The slope is
steep in the direction of unnamed tributaries to the north and
south. The water table is at elevations ranging from about 190 to
225 feet above mean sea level or at an average depth of about 70
feet below the ground surface (Figure 1.1-6).

S8ITE E

Site E is located approximately 3000 feet south of Road C or
about 5000 feet south of F Area (Figure 1.1-5). Burma Road cuts
diagonally across the site. The retangular shaped site occupies an
area of about 185 acres (about 4000 feet x 2000 feet). Upper Three
Runs Creek is located 2500 feet west of the site at its closest
point. A small stream or drainage approaches the western periphery
of the site and two others are located about 500 feet from both the
north and south boundaries. No standing bodies of water or marshy
areas are observed on the site. Several monitoring wells are
located on or near the site. Depth to the water table is 50 to 60
feet (Figure 1.1-7). Site E was also recently investigated as a
potential site for a non-radioactive waste landfill. Three borings
were drilled to depths of 74.5 feet each and 1.25" I.D. piezometers
installed in each. All borings indicated fine to medium sand with
clay to the depth of exploration. Water levels ranged from
approximately 65 feet to 44 feet below ground surface.
Topographically the site is gently rolling with elevations ranging
from 210 to 270 feet. The ground surface slopes gently to the
east-southeast and steeply to the west as Upper Three Runs Creek is
approached.
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8ITE F

Site F is located southwest of C Area and north of Road 3
(Figure 1.1-8). The site occupies an area of approximately 115
acres. Topographically the ground surface is quite flat with
elevations ranging from a high of about 290 feet towards the center
to a low of about 250 feet. The water table in this area ranges
from about 40 to 70 feet below the ground surface (Figure 1.1-9).
However, standing surface water in the form of a Carolina bay is
found over a relatively large portion of the site. This could be
engineered away by grading, but this could introduce environmental
problems. This feature could make this site low in priority. Four
Mile Creek is located about 1500 feet to the south and east at its
closest point.

8ITE G

Site G is approximately 200 acres in area and is located
immediately north of the present low-level radioactive waste burial
ground (643-7G). The site slopes gently to the north in the
direction of Upper Three Runs Creek which is located about 1500 feet
from the site boundary. Elevations range from 300 to 250 feet above
mean sea level. No standing surface water is observed in the area.
The water table ranges from 60 feet to 40 feet (Figure 1.1-5).

SITE H

Site H is located approximately 9000 feet southwest of K Area,
parallel to and south of Road A (Figure 1.1-8). The site is about
4000 feet x 1500 feet in dimension occupying an area of
approximately 135 acres. Topographically the site is quite flat,
sloping to the east in the direction of Pen Branch and to the south
in the direction of the marshy area adjacent to the Savannah River.
No flowing or standing surface waters are observed on the site and
no data are presently available on the depth to the water table,
however from a cross section of the site shown on Figure 1.1-10, the
depth to water should be on the order of 50 feet.

SITE I

Site I is a 215 acre site located between Tinker Creek and its
tributary, Reedy Branch (Figure 1.1-3). Road 8.1 passes through a
portion of the site. Ground surface elevations range from
approximately 270 to 330 feet above mean sea level. The site is
relately flat with slopes becoming steep as Tinker Creek and Reedy
Branch are approached. Tinker Creek, which is approximately 2000
feet west of the site at the closest approach, is located at an
elevation of about 180 feet. Reedy Branch is about 2000 feet south
of the site and is also found at an elevation of about 180 feet. A
small drainage ditch or intermittent stream to Tinker Creek is
located about 400 feet west of the site. No groundwater data are
available for the site.
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SITE J

Site J is located about 300 feet to the east of Site I (Figure
1.1-3). It is an irregularly shaped area to take advantage of the
topography, encompassing a total area of about 220 acres. The main
channel of Tinker Creek is located some 4000 feet to the west. The
beginning of an intermittent stream is located about 500 feet to the
northwest. What appears to be the headwaters of Reedy Branch is
located 500 to 600 feet south of the site. Topographically the site
is flatter than Site I with elevations ranging from a low of 290 to
a high of 310 feet above mean sea level. The majority of the site
lies between the elevations of 300 and 310 feet. No water table
data are available for the site.

S8ITE K

Site K is approximately 4500 feet south of Site I and about
2000 feet south of Reedy Branch, Figure 1.1-3. The site is
rectangular in shape roughly 5500 feet x 1800 feet occupying some
220 acres. Road 2.1 passes through the site. The site is located
on a slight knoll with the ground surface sloping away gently on all
sides. Elevations range from approximately 280 to 310 feet. Tinker
Creek is located about 2000 feet to the west, Reedy Branch is about
2000 feet to the north, and Mill Creek is about 2000 feet to the
south. The slope of the ground surface increases as the stream
valleys are approached. The topographic map shows a well located
close to the center of the site; however, no depth to the water
table information has been obtained.

SITE L

Site L is located just south of F Area and Road C and just
north of Site E (Figure 1.1-5). Burma Road cuts across the
eastern-most portion of the site. The site is some 100 acres in
area, approximately 2100 feet on a side. Elevations range from a
high of about 300 feet to a low of about 200 feet along the western
and southern periphery. Upper Three Runs Creek is located about
1300 feet west of the site at its closest point. Intermittent
streams tributary to Upper Three Runs are located to the north and
south of the site. The depth to the water table is on the order of
60 feet across the site (Figure 1.1-7).

SITE M

Site M is a dogleg shaped site located about 1 mile south-
southwest of Site E along Burma Road (Figure 1.1-5). Elevations
over this 160 acre tract range from a high of about 220 feet towards
the northeastern part of the site to a low of about 160 feet along
western edge. The ground surface is relatively flat over much of
the site with slopes increasing to the south and west. Outside the
site proper slopes are very steep in the direction of Upper Three
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Runs Creek, which is found at an elevation of about 100 feet some
2000 feet to the west. No water table data are available for the
site.

SITE N

Site N is a 210 acre tract located between C Area and D Area
within an area generally defined by Road 3, Road A-8, and Four Mile
Creek (Figure 1.1-8). The site is relatively flat over the central
portion with surface slopes becoming somewhat steeper to the east in
the direction of Four Mile Creek, some 1500 feet from the site at
the closest point. Surface elevations range from about 200 to 270
feet. The elevation along the creek bank is about 140 feet. No
water table data are available from the site.

SITE O

Site O is located east of Four Mile Creek and Site N (Figure
1.1-8). It is roughly triangular in shape occupying about 225
acres. Four Mile Creek is located to the north and west, Roads A
and B to the south, and Roads 5 and 6 to the east. Three clay pits
are located on the site as shown on the SRP topographic map. The
depth to which these have been mined in not known. Four Mile Creek
is approximately 1000 feet to the west at its closest point. Two
small intermittent streams tributary to Four Mile Creek are about
300 and 500 feet from the northeast and southwest corners of the
site, respectively. Topographically the ground surface is somewhat
irregular with several small draws or old drainage ways located on
the site. The elevations range from about 190 feet to about 260
feet msl. Surface slopes increase to the west as Four Mile Creek,
which is located at an elevation of about 150 feet, is approached.
No water table information is available for the site area.

SITES P AND Q

Sites P and Q are adjacent and occupy areas of approximately
240 and 255 acres, respectively. They are located just south of
the 700 U TC Area, east of Plant Road 2 and west of Upper Three Runs
Creek (Figure 1.1-11).

Site P is rectangular in shape with ground surface elevations
ranging from a low of about 220 feet to a high of about 280 feet.
The ground slopes gently to the east in the direction of Upper Three
Runs Creek. The low marshy area adjacent to Upper Three Runs is
located about 2000 feet from the site while the main channel of the
creek is some 4500 feet from the site at an elevation of about 110
feet. An intermittent stream tributary to Upper Three Runs is
located about 1000 feet east of the site.



i-20 DPST-85-862

Site Q is triangular in shape and is located adjacent to the
south-southwest part of Site P. Ground surface elevations are about
the same as found at Site P. Upper Three Runs Creek is located
about the same distance from Site Q as Site P, about 2000 to 4500
feet from the site.

The depths to the water table measured in two wells located in
the TC Area indicate the water levels to be in excess of 100 feet.
The actual depth to water at Sites P and Q is not known but should
be quite deep because of the proximity to the TC Area. A cross
section of the area with the anticipated water table is shown on
Figure 1.1-12.

1.1.2.3 Application of sSite Selection Criteria

The use of topographic maps, monitoring wells, water table
maps, and application of geohydrologic principles are the main
methods used in the selection of potential sites. Depth-to-water
data exist at some of the proposed sites; however this type of data
is not available over most of the SRP site, especially in areas that
do not have facilities or have not been developed. Based on the
known parameters of the 17 prospective sites, factors have been
applied and an initial selection has been made. These factors were:
distance to streams, distance to waste generators (and volume of
waste generated by each), distance to public land or roads,
topography and available area. Selected sites were: G, B, K, L, E,
I, C, P, Q and F. Of these ten sites, specific information existed
on the water table for five (G, B, E, C and F).

Since hydrologically the most critical first step in the
evaluation of a potential site is an accurate approximation of the
depth to the water table based on field observation, water table and
soil characteristics, these data were determined for those five
selected sites for which no such data existed (K, L, I, P and Q).
This was accomplished by boring two holes at each site, and taking
split-spoon samples. Since only one boring had been made at Site C,
one additional hole at this site was also included. This required
drilling a total of 11 holes.

1.1.3 8Selection of Candidate Sites
1.1.3.1 Performance Criteria

Performance criteria have been identified to ensure that the
objectives of the storage/disposal site will be incorporated into
the site selection and design. These criteria all relate directly
or indirectly to occupational radiation dose or dose to the public
and apply to all methods of radioactive waste management. Radiation
dose limits less than or equal to those in DOE Order 5480.1A and
equivalent to those in Nuclear Regulatory Commission Rule 10CFR61
are set forth in the performance criteria. These limits are the
ones presently used for all operations at the Savannah River Plant
and are, therefore, considered achievable. The actual operating and
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design parameters will be such that members of the work force and
the general public will receive actual doses orders of magnitude
less than the current limits.

1.

RADIOACTIVITY IN GROUNDWATER =~ The concentration of
radionuclides in groundwater at the storage/disposal site
boundary must not exceed those established in the EPA National

Interim Primary Drinking Water Standards Regulations, 40CFR141
(1977) .

RADIATION DOSE TO PERSONS - The radiation dose to any member of
the public due to releases of radiocactivity in the groundwater,
surface water, air, soil, plants, etc., as given in DOE Order
5480.1A, must not be exceeded.

MINIMUM DEPTH BETWEEN WASTE AND WATER TABLE - The minimum
distance between the waste and the groundwater table shall be
at least 10 feet. Knowledge of variations in water table level
should be based on water table data for the site.

DISTANCE BETWEEN ROOT ZONE AND WASTE - The waste should be
emplaced below the root zones of plants which are indigenous to
the area. At SRP this criterion can be met by placement of
waste at a minimum depth of 16 feet (5 meters). The intent of
the criterion might also be achieved by other means (for
example, root barriers), but such barriers would be subject to
breaching at flaws. Emplacement of waste below root zones is
considered feasible at prospective sites at SRP.

SURFACE WATER AND EROSION CONTROL - Surface topography should
be such as to minimize erosion (i.e., minimum slope) and
surface water should be routed so as to avoid erosion and
infiltration. Precipitation should be drained away from the
site.

SUBSIDENCE - Subsidence of wastes and backfilled soil should be
minimized to avoid undue maintenance of surface topography and
to avoid enhanced water infiltration and potential unacceptable
migration of radionuclides. To achieve this, wastes (or waste
packages) must be physically stable and spaces between packages
must be minimized or filled with compacted soil of other fill
material.

POST-CLOSURE CONTROL - It is assumed for the purpose of
projecting radionuclide movement that institutional control
shall be maintained for 100 years following site closure.
During this period it is assumed that the site will be well
maintained to prevent surface erosion, intruder entry, etc.
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This post-closure criterion also requires that the site be
designed such that the above performance criteria will be met
for an additional 200 years. The total of 300 years is
approximately 10 half-lives of fission product elements of
concern, Sr-90 and Cs-137. At the end of this period the
radioactivity will have decreased sufficiently so that no
significant hazard remains. The means of meeting this
criterion will be 1) limitation on the inventory of
radionuclides emplaced in the site, and 2) deeper burial or
engineered barriers, and design of a disposal unit which will
prevent the waste from reaching the environment before
radioactivity has decayed to innocuous levels.

1.1.4 8Site Belection Guides

The following is a series of characteristics considered
important in site selection for a low-level radioactive waste
storage/disposal facility at the Savannah River Plant. Each
characteristic is given a weighting factor, ranging from 1 to 6,
representing its relative importance in meeting the performance
criteria set forth above. Values for each prospective site are
assigned ratings for each characteristic which increase relative to
their effect on meeting the performance criteria. The prospective
sites are then evaluated by multiplying their ratings times the
weighting factor for each characteristic and summing the results.
The total scores should indicate the relative merit of each
potential site. The characteristics are quantifiable for each
site, but the break points for the ratings and the magnitude of the
weighting factors are basically subjective. This system cannot be
used to choose a single "best" site, but it can identify a smaller
group of sites to target for detailed study. The detailed work can
then be used to select the final site.

As an example of the procedure consider the depth to the water
table. If a prospective site has a depth to the water table of 75
feet it then has a rating of 4. The weighting factor for this
characteristic is 6, giving a score of 24. The scores for all of
the characteristics are then added, giving the total points for that
site.

The site selection guides listed below are specific to the
Savannah River Plant site. Several facts are implicit in the
criteria given. The Savannah River Plant site is located in the
Atlantic Coastal Plain of the southeastern United States. This
means that the upper 600-1000 feet (180-300 meters) of material
consists of deeply weathered, loosely consolidated or unconsolidated
sediments. The material itself is primarily sandy-clay to
clayey-sand, and in general is quite homogeneous over the Plant
site. Therefore, the emphasis given to geologic materials at
prospective sites is not a factor considered here.
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Depth to Water Table (Weighting Factor - 6)

The present reference process for Greater Confinement Disposal
calls for emplacing the waste in trenches and boreholes so that the
bottom of the disposal unit is at least 10 feet (3 meters) above the
water table, and the top of the waste is at least 16 feet below the
final site grade. Therefore, for a twenty-foot waste zone, depth
from the surface to the water must be at least 46 feet (14 meters).
Since transport and is much slower in the unsaturated zone, depths
greater than 60 feet are rated more highly.

Depth (ft) Rating
> 80 5
71-80 4
61-70 3
46-60 2
< 45 0

Distance to the Public (weighting Factor = 6)

Placement of the storage/disposal facility a greater distance
from the public has two beneficial effects. The farther the
facility is from public water supplies the longer the time is
available for radionuclides to decay before they have the
possibility of interacting with the water supplies. 1If the site is
remote from public access then the probability of accidental
exposure to a member of the public during operations is minimized.

Distance (miles) Rating
> 4 4
3 -4 3
2 -3 2
1 -2 1
0 -1 0]

Distance to Waste Generators (Weighting Factor = 6)

The volume of waste and the distance that it must be
transported from each generator has an impact on the dose to waste
transport personnel, the probability of a transportation accident,
and the economics of waste management. It is also desirable to
avoid wide-spread dispersal of wastes within the plant site. At SRP
there are multiple waste generators which are widely dispersed, so a
volume-of-waste weighted method was used to rate the potential
sites. The distance from each potential site to each operating area
was rated, then weighted by the percentage of waste produced by each
operating area, and finally multiplied by the criterion weight (6).
The score for each potential area is then the total of the
individual ratings. The ratings are:
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Distance (miles) Rating
< 2 4
2.0 - 3.9 3
4.0 - 5.9 2
6.0 - 8.0 1
> 8 0

Distance to Nearest Stream (weighting Factor = 5)

Since surface water in the humid eastern United States
generally represents areas of groundwater discharge and since
transport by surface water is much more rapid than by groundwater,
it is desirable to maximize the distance from the waste to surface
water.

Distance (feet) Rating
> 2000 4
1500 - 2000 3
1000 - 1500 2
500 - 1000 1
< 500 0

Available Surface Area (Weighting Factor = 4)

The available surface area of a prospective storage/disposal
site is important from an economic standpoint because the effort
involved in characterizing sites and the desire to limit the number
of sites containing waste. The useful life of a site is determined
by the area of ground available for waste management activities.

Acres Rating

> 200
100-200
50-100
25-50

< 25

O N WD

Surface Topography (Weighting Factor = 2)

The energy available for erosion by surface runoff is directly
proportional to the slope of the land surface. Therefore, the lower
the slope, the more slowly the land surface will erode. This factor
has a low weighting because it can be altered during site
engineering.
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Maximum Slope (%) Rating
0 -1.2 4
1.2 - 2.5 3
2.5 - 3.7 2
3.7 - 5.0 1
> 5 0

1.1.5 sSite Rankings

The site selection guides were applied to the seventeen
potential sites discussed above. Table 1.1-1 is a summary of the
rating process, listing the sites in order of their apparent
suitability. This table shows that sites B, G, and K are the
highest rated sites, followed by sites L and I, which have virtually
the same rating. Table 1.1-2 is a listing of the ratings,
weightings and scores for each of the sites.

The data used in this evaluation are included in Tables 1.1-4
through 1.1-7. The distances to waste generators are in Table
1.1-3. Table 1.1-4 lists the distance of each potential site to an
area of public access, either the plant boundary or South Carolina
Highway 125. Table 1.1-5 is a list of the percentage of the plant
waste generated by each operating area in 1981. Sources of waste
for the years 1979-1981 were examined and are presented in Table
1.1-6. Only 1981 was used in the evaluation because it was the only
year when L Area, the site of a production reactor due to be
restarted, contributed significantly to the total. D and G Areas
were excluded in the process, since D Area, the heavy water
facility, is closed down, and G Area is a number of outlying areas
which contribute only 2.6% of the waste. The area, distance to
surface water, and depth to the water table for each site are
presented in Table 1.1-7.

1.1.6 Selection of Candidate Sites

Of the five top ranked sites, only three are currently
available. Shortly after the sites were ranked sites I and K were
used for a training facility for the Security Department. Therefore,
sites B, G, and L were chosen as the candidate sites. Site G, which
is adjacent to the existing Burial Ground was chosen to be the
preferred site because all the required support facilities (roads,
railroad line, electric power, etc.) were already in place nearby.
All three of these sites will be the subject of a site
characterization program. If site G should prove to have some
characteristics which would make it unsuitable for safe disposal of
waste, then one of the other sites would become the preferred site.
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Table 1.1-1. SITES RANKED BY RATINGS SCORE

SITE SCORE

98
97
94
88
87
84
80
78
75
72
71
66
60
55
55
45
37

OZIAINrpruyuMNaoOoHYHBERWO



Site

Parameter

Depth to Water
Distance to Public
Distance to
Generator

Area
Area
Area
Area
Area
Area
Area
Area

MRERIHEOY

Distance to Stream
Surface Area
Topography

Parameter

Depth to Water
Distance to Public
Distance to
Generator
Area
Area
Area
Area
Area
Area
Area
Area

RN TMOP

Distance to Stream
Surface Area
Topography

Table 1.1-2.

Rating

no data
2

O OONMNNOLR

Rating

3
4

RPRPRPWWND R

(VS I~

SITE SELECTION RATINGS

Fraction
Waste Weighting
6
6
0.063 6
0.031 6
0.373 6
0.233 6
0.036 6
0.035 6
0.069 6
0.035 6
5
4
2
Site Total
Fraction
Waste Weighting
6
6
0.063 6
0.031 6
0.373 6
0.233 6
0.036 6
0.035 6
0.069 6
0.035 6
5
4
2
Site Total

DPST-85-862

Total

12.0
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o
o
o
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o
0
>

96.708
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Table 1.1-2 (continued)

Fraction
Site Parameter Rating Waste Weighting Total
c Depth to Water 2 6 12.0
' Distance to Public 4 6 24.0
Distance to
Generator
A Area 2 0.063 6 0.756
C Area 3 0.031 6 0.558
F Area 4 0.373 6 8.952
H Area 4 0.233 6 5.592
K Area 1 0.036 6 0.216
L Area 1 0.035 6 0.210
M Area 2 0.069 6 0.828
P Area 1 0.035 6 0.210
17.322
Distance to Stream 1 5 5.0
surface Area 2 4 8.0
Topography 3 2 6.0
Site Total 72.332
Fraction
Site Parameter Rating Waste Weighting Total
D Depth to Water 3 6 18.0
Distance to Public 3 6 18.0
Distance to
Generator
A Area 2 0.063 6 0.756
C Area 3 0.031 6 0.558
F Area 4 0.373 6 8.952
H Area 3 0.233 6 4.194
K Area 2 0.036 6 0.432
L Area 1 0.035 6 0.210
M Area 2 0.069 6 0.828
P Area 1 0.035 6 0.210
16.140
Distance to Stream 3 S 15.0
Surface Area 2 4 8.0
Topography 0 2 0.0

Site Total 75.140
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Table 1.1-2 (continued)

Fraction
Site Parameter Rating Waste Weighting Total
E Depth to Water 2 6 12.0
Distance to Public 2 6 12.0
Distance to
Generator
A Area 2 0.063 6 0.756
C Area 4 0.031 6 0.744
F Area 4 0.373 6 8.952
H Area 3 0.233 6 4.194
K Area 2 0.036 6 0.432
L Area 1 0.035 6 0.210
M Area 2 0.069 6 0.828
P Area 1 0.035 6 0.210
16.326
Distance to Stream 4 5 20.0
Surface Area 3 4 12.0
Topography 4 2 8.0
Site Total 80.326
Fraction
Site Parameter Rating Waste Weighting Total
F Depth to Water 6 12.0

NN
(o)}
)
N
(@]

Distance to Public
Distance to

Generator
A Area 1 0.063 6 0.378
C Area 4 0.031 6 0.744
F Area 3 0.373 6 6.714
H Area 3 0.233 6 4.194
K Area 3 0.036 6 0.648
L Area 2 0.035 6 0.420
M Area 1 0.069 6 0.414
P Area 2 0.035 6 0.420
13.932
Distance to Stream 3 S 15.0
Surface Area 3 4 12.0
Topography 3 2 6.0

Site Total 70.932
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Table 1.1-2 (continued)

Fraction
Site Parameter Rating Waste Weighting Total
G Depth to Water 2 6 12.0
Distance to Public 4 6 24.0
Distance to
Generator
A Area 2 0.063 6 0.756
C Area 3 0.031 6 0.558
F Area 4 0.373 6 8.952
H Area 4 0.233 6 5.592
K Area 2 0.036 6 0.432
L Area 2 0.035 6 0.422
M Area 2 0.069 6 0.828
P Area 1 0.035 6 0.210
17.750
Distance to Stream 4 5 20.0
Surface Area 4 4 16.0
Topography 4 2 8.0
Site Total 97.750
Fraction
Site Parameter Rating Waste Weighting Total
H Depth to Water 6 12.0

Distance to Public
Distance to

owNn
(o))
o
(@]

Generator
A Area 0 0.063 6 0.000
C Area 2 0.031 6 0.372
F Area 1 0.373 6 2.238
H Area 1 0.233 6 1.398
K Area 4 0.036 6 0.864
L Area 3 0.035 6 0.630
M Area 0 0.069 6 0.000
P Area 1 0.035 6 0.210
5.712
Distance to Stream 4 5 20.0
Surface Area 3 4 12.0
Topography 3 2 6.0

Site Total 55.712
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Table 1.1-2 (continued)

Fraction
Site Parameter Rating Waste Weighting Total
I Depth to Water 3 6 18.0
Distance to Public 3 6 18.0
Distance to
Generator
A Area 0 0.063 6 0.000
C Area 0 0.031 6 0.000
F Area 1 0.373 6 2.238
H Area 2 0.233 6 5.034
K Area 0 0.036 6 0.000
L Area 0] 0.035 6 0.000
M Area 0 0.069 6 0.000
P Area 0 0.035 6 0.000
7.272
Distance to Stream 4 5 20.0
Surface Area 4 4 16.0
Topography 4 2 8.0
Site Total 87.272
Fraction
Site Parameter Rating Waste Weighting Total
J Depth to Water 2 6 12.0
Distance to Public 3 6 18.0
Distance to
Generator
A Area 0 0.063 6 0.000
C Area 0] 0.031 6 0.000
F Area 1 0.373 6 2.238
H Area 2 0.233 6 5.034
K Area 0 0.036 6 0.000
L Area 0 0.035 6 0.000
M Area 0] 0.069 6 0.000
P Area 1 0.035 6 0.210
7.482
Distance to Stream 1 5 5.0
Surface Area 4 4 16.0
Topography 4 2 8.0

Site Total 66.482
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Table 1.1-2 (continued)

Fraction
Site Parameter Rating Waste Weighting Total
K Depth to Water 3 6 18.0
Distance to Public 4 6 24.0
Distance to
Generator
A Area 0] 0.063 6 0.000
C Area 1 0.031 6 0.186
F Area 2 0.373 6 4.476
H Area 2 0.233 6 2.676
K Area 0] 0.036 6 0.000
L Area 0 0.035 6 0.000
M Area 0 0.069 6 0.000
P Area 1 0.035 6 0.210
7.548
Distance to Stream 4 5 20.0
Surface Area 4 4 16.0
Topography 4 2 8.0
Site Total 93.548
Fraction
Site Parameter Rating Waste Weighting Total
L Depth to Water 3 6 18.0
Distance to Public 3 6 18.0
Distance to
Generator
A Area 2 0.063 6 0.756
C Area 4 0.031 6 0.744
F Area 4 0.373 6 8.952
H Area 3 0.233 6 4.194
K Area 2 0.036 6 0.434
L Area 2 0.035 6 0.420
M Area 2 0.069 6 0.828
P Area 1 0.035 6 0.210
16.536
Distance to Stream 3 5 15.0
Surface Area 3 4 12.0
Topography 4 2 8.0

Site Total 87.536
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Table 1.1-2 (continued)

Fraction
Site Parameter Rating Waste Weighting Total
M Depth to Water no data 6 -
Distance to Public 1 6 6.0
Distance to
Generator
A Area 1 0.063 6 0.376
C Area 3 0.031 6 0.558
F Area 3 0.373 6 6.714
H Area 2 0.233 6 2.796
K Area 3 0.036 6 0.648
L Area 2 0.035 6 0.420
M Area 1 0.069 6 0.828
P Area 1 0.035 6 0.210
12.550
Distance to Stream 4 20.0
Surface Area 3 4 12.0
Topography 2 2 4.0
Site Total 54.550
Fraction
Site Parameter Rating Waste Weighting Total
N Depth to Water no data 6 -
Distance to Public 0 6 0.0
Distance to
Generator
A Area 0] 0.063 6 0.000
C Area 3 0.031 6 0.558
F Area 2 0.373 6 4.476
H Area 1 0.233 6 1.398
K Area 3 0.036 6 0.648
L Area 2 0.035 6 0.420
M Area 1 0.069 6 0.414
P Area 0 0.035 6 0.000
7.914
Distance to Stream 3 5 15.0
Surface Area 4 4 16.0
Topography 3 2 6.0

Site Total 44.914
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Distance to Stream
Surface Area
Topography
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Depth to Water
Distance to Public
Distance to
Generator
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Area
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Area
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Distance to Stream
Surface Area
Topography

Table 1.1-2 (continued)

Rating

no data
0

HPOWRNNWO

N

Rating

ONRERENMNNMDWWN

(VS =

Fracti
Waste

0.063
0.031
0.373
0.233
0.036
0.035
0.069
0.035

Fracti

on
Weighting

6

6

6

6

6

6

6

6

6

6

5

4

2
Site Total
on

Waste Weighting

0.063
0.031
0.373
0.233
0.036
0.035
0.069
0.035
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5
4
2

Site Total

DPST-85-862

Total

84.294
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Rating

4
0
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Waste
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0.031
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0.233
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5
4
2

Site Total

DPST-85-862

Total




1-36 DPST-85-862

Table 1.1-3 DISTANCE TO GENERATORS (miles)

Operating Areas

Sites A c F H K L M )
A 6.9 8.1 5.8 4.8 10.2 9.9 7.1 8.9
B 7.2 5.8 4.0 2.4 7.6 7.1 7.5 6.1
C 5.8 3.9 1.7 0.9 6.2 6.4 5.7 6.6
D 4.8 2.9 0.6 2.4 5.5 6.5 4.6 7.3
E 6.0 1.5 1.3 2.7 4.1 5.4 5.7 6.6
F 7.6 0.5 2.9 3.8 2.5 4.2 7.2 6.0
G 5.6 3.0 0.8 1.2 5.4 5.9 5.5 6.4
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I 9.0 8.8 6.9 5.5 10.5 9.8 9.2 8.2
J 9.9 9.2 7.5 5.9 10.8 9.8 10.0 8.0
K 8.8 7.7 6.0 4.4 9.4 8.5 8.9 7.0
L 5.5 2.0 0.9 2.6 4.7 5.9 5.2 6.9
M 7.3 2.6 4.1 5.5 3.7 6.0 6.9 8.0
N 8.3 3.0 5.0 6.3 3.4 5.8 7.8 8.1
0] 9.2 2.4 4.9 5.7 1.5 4.0 8.9 6.3
P 4.8 3.6 3.3 5.1 5.8 7.7 4.4 9.2
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Table 1.1~4 DISTANCE TO THE PUBLIC

Site Distance (miles)
A 2.4
B 5.0
C 5.2
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Table 1.1-5 Percentage of Waste Generated by Operating Area
(Three year Average 1983-1985)

Area % Waste
A 7.8

c 3.3

D 0.4

F 33.2

e
(N}
©
0

~
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o
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0
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oS 7.7
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1.2 DETAILED DESCRIPTION OF THE THREE TOP RATED SITES

In the near future a program will be conducted to obtain three
dimensional information on the hydrologic, geologic, and geochemical
nature of the three top rated sites. This detailed site
characterization data will be reported as it becomes available.

The following is a description of each of the top rated sites
based on the currently available information. A description of the
regional environmental setting can be found in Appendix A.

1.2.1 8ite B Description

Site B is a 300 acre tract of land with very gentle
topography. The only site specific geologic information at this
time comes from what was originally a three-well cluster at the
site.

Examination of the cores from these wells showed calcareous
material in a zone from 130 to 160 feet below ground surface. The
Green Clay is shown in the geophysical logs at about 160 feet below
the surface. There is about six feet of head reversal between the
"Tuscaloosa" Formation and the Congaree Formation.

In 1984 the three-well cluster site was expanded to include
wells installed into other hydrologic units. The expanded cluster
was named P-14. Figure 1.2-1 is a diagram of the cluster showing
the screened intervals. Figure 1.2-2 shows the geophysical logs
from the deepest of the wells along with the stratigraphy and
lithology.

1.2.2 8Site G Description

Site G is located immediately north of the present Solid
Radioactive Waste Management Facility (643-7G) and between the two
Separations Facilities (200-F and 200-H Areas). Because of this
location there are over thirty water table wells in and around the
site. Additional borings were recently completed, and an
engineering report will be issued in the near future. The existing
vegetation is primarily pine trees.

Figure 1.2-3 shows the water table elevation at Site G from
measurements made in April, 1985.

1.2.3 8ite L Description

Site L is centrally located on the SRP site at the intersection
of Road C and the Burma Road. The area of the site is approximately
100 acres. The surface slopes within the area are gentle, but
increase greatly towards Upper Three Runs Creek. The existing
vegetation consists mainly of pine trees and brush.
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P-14 CLUSTER
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A well cluster at the edge of the site shows a head reversal of
about twenty feet between the top of the "Tuscaloosa" Formation and
the top of the Congaree Formation. Cores from the well cluster show
an interval of calcareous material from 88 to 98 feet below the
surface. The driller's log records a rod drop from a depth of 84
feet down to 86 feet, which is the criterion by which the
"Calcareous Zone" was originally defined by the U.S. Army Corps of
Engineers. The gamma-ray geophysical logs show evidence of the
Green Clay at a depth of approximately 95 feet.

Figure 1.2-4 is a contour map of the water table surface
elevation based on seven wells and using the stream bed of Upper
Three Runs Creek as a ground water outcrop location.
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2. LOW-LEVEL RADIOACTIVE WASTE STORAGE/DISPOSAL FACILITIES
2.1 FACILITY DESCRIPTIONS

This section describes facilities that may be used to store
and/or dispose of low-level radioactive waste (LLW). In Section 2.6
these different facilities are grouped to describe seven operational
alternatives for disposal or storage of LILW.

The Savannah River Plant is a large defense-related production
unit that generates over a million cubic feet of solid low-level
radiocactive waste each year. LIW is generated in many forms =--wood,
metal, paper, plastic, and others. Radiation level from the waste
ranges from background level to hundreds of rad/hour. The volume of
individual waste pieces ranges from small cans to large, bulky items
such as contaminated metal ducts and vessels. New waste storage or
disposal facilities for the Savannah River Plant must be able to
accommodate the many different kinds of waste generated at SRP. The
waste streams are described in Section 2.3.

The Savannah River Plant has disposed of solid low-level
radioactive waste since 1953. Early disposal operations are
described in an Environmental Impact Statement issued in 19771;
current operations are described in Reference 2.

Disposal and storage technologies can be described generically
by four basic attributes3:

o Facility has structure, has no structure, or waste form is
modular

o Facility is above or below grade

o Facility has a cover, no cover, or waste is buried deep

o Waste is emplaced with or without fill

0f the 36 possibilities (3 x 2 x 3 x 2 = 36), 17 can be chosen as
being feasible; 19 of the alternatives are deleted as either being
impossible (e.g., an above grade structure that is buried deep), or,
for example, the disposal is above grade with no cover and no fill.
The 17 possibilities are listed in Table 2.1. Disposal Technology 1
(DT-1) describes a facility that has no engineered structural
components; it is above grade, has a shallow earthen cover and an
earthen fill. DT-1 would correspond to the Above Grade Operation
described below. DT-2 describes a facility that has no engineered
structural components; it is below grade with a shallow earthen
cover and earthen fill. DT-2 describes near surface disposal
currently used for disposal of LLW at SRP.
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TABLE 2.1

GENERIC DEFINITION OF DISPOSAL TECHNOLOGIES3

DISPOSAL STRUCTURE ABOVE/BELOW COVER FILL GENERIC NAME

TECHNOLOGY GRADE

1 N A S Y Covered placement
with fill.

2 N B S Y Buried placement
with fill.

3 N B D Y Deep placement
with fill.

4 Y A N N Uncovered structure
without fil1l.

5 Y A N Y Uncovered structure
with fill.

6 Y A S N Covered structure
without fill.

7 Y A S Y Covered structure
with fill.

8 Y B S N Buried structure
without fill.

9 Y B S Y Buried structure
with £fill.

10 Y B D N Deep structure
without fill.

11 Y B D Y Deep structure
with £fill.

12 M A S N Covered modules
without fill.

13 M A S Y Covered modules
with fill.

14 M B S N Buried modules
without fill.

15 M B S Y Buried modules
with fill.

16 M B D N Deep modules
without fill.

17 M B D Y Deep modules

with fill.

KEY: STRUCTURE: N=None, ¥Y=With an engineered structure,
M= Engineered modular waste form.

ABOVE/BELOW GRADE: A=Above, B= =Below

COVER: S=Shallow earthen cover, N= no cover,
D= Deep cover.

FILL: Y=With £fill, N=Without fill.
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Storage and disposal facilities are described in the following
sections. The use of one or more of these facilities is combined
into seven operational alternatives in Section 2.6. The facilities
described below are:

o Near surface Disposal Facility (DT-2)

0 Greater Confinement Disposal Facility (DT-11)

o Above Grade Operation Facility (DT-1)

o Above or Below Grade Vaults (DT-7 and DT-9)

o Engineered Storage Facilities (DT-6 and DT-8)

o Engineered Disposal Facilities (DT-13 and DT-15)

o Combinations of the above

2.1.1 Near Surface Disposal Facility
2.1.1.1 Definitions, DOE Orders, and NRC Regulations

Near surface disposal, which is also called shallow land burial
by the Department of Energy?, is defined in DOE Order 5820.2 as
"Disposal of waste in near-surface excavations that are covered with
a protective overburden." Radioactive waste is defined in the same
order as "Solid, liquid, or gaseous material of negligible value
that contains radionuclides in excess of threshold quantities except
for radioactive material from post weapons test activities." 1In
Chapter III of that Order, under the Requirements Section, it is
required that:

(1) Solid low-level waste be disposed of at DOE shallow land
burial or greater confinement disposal sites (greater
confinement is defined below), and

(2) disposal operations involving discharge of liquid
low-level waste (LLW) directly to the environment or on
natural soil columns shall be replaced by other techniques
such as solidification prior to disposal or in-place
immobilization.

DOE Order 5820.2 applies to radioactive waste produced at DOE
operated sites.

Another DOE Order, 5480.1A°, establishes the dose limit
resulting from shallow land burial operations of 500 mrem/year as
the maximum exposure any member of the public may receive, and
requires that the doses be maintained at levels as low as reasonably
achievable (ALARA)®.
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The Nuclear Regulatory Commission has provided regulations
relating to licensing facilities for the disposal of commercially
generated low-level solid radioactive waste’. These regulations,
10CFR61, are intended to apply to the land disposal of radioactive
waste, and contain specific technical requirements for near-surface
disposal of radioactive waste. A "near-surface disposal facility"
is defined as a land disposal facility in which radiocactive waste is
disposed of in or within the upper 30 meters (98 feet) of the
earth's surface (10CFR61.7).

NRC limits the concentrations of radioactive material which may
be released to the general environment as a result of low-level
radioactive waste disposal operations such that an annual total dose
to any member of the public must not exceed an equivalent of 25
millirems to the whole body, 75 millirems to the thyroid, and 25
millirems to any other organ. In addition, efforts must be made to
maintain the releases to as low as reasonably achievable (ALARA)
(10CFR61.41).

2.1.1.2 Description of a Near Surface Disposal Facility

Near surface disposal of LLW has been the most common practice
for disposal of LLW at both commercial and Department of Energy
facilities. The practice over the last 30 years at SRP has been to
bury the wastes in earthen trenches that are 20 feet wide, 20 feet
deep and approximately 400 feet long, or in Engineered Low-Level
Trenches as described below. Each of the 20 foot wide trenches is
separated from adjacent trenches by a 10 foot strip of undisturbed
soil. The trench walls are vertical. The trenches are excavated
using a drag line or a back-hoe. A cutaway view of a 20 ft x 20 ft
trench is shown in Figure 2.1.

Containerized waste is placed into the trenches by a crane from
the surface, or it is stacked using forklift trucks in the wider
engineered trenches. Other waste such as rubble is emplaced at the
end of the trench and covered with soil after emplacement. Waste is
emplaced to a depth of 16 feet, after which a clean earthen soil
cover of minimum thickness of 4 feet is provided to cover the waste.

Early waste containers were cardboard boxes and plastic bags.
These containers provided adequate containment during transport to
the waste disposal area, and allowed rapid subsidence to occur when
the waste was covered with soil. Waste containers currently being
used are metal boxes which allow for a more efficient use of trench
space when they are stacked, but also will produce a delayed
subsidence effect.

Narrow trenches provide adequate shielding for emplacement of
LLW with high radiation intensities. Irradiated metal and other
waste with high gamma radiation levels can be emplaced in the
trenches and immediately covered with soil. This method of
emplacement acts to keep occupational exposure at acceptable levels.

Control of surface water runoff is an important part of the
design of the trench area. Surface water drains must be provided to
channel rain water away from any of the open or closed trenches.
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Location of the trenches is also an important part of the
overall design. The soil should be a combination of clayey sands
and sandy clay. Soil structure must be able to support 20 foot
vertical walls without slumping. The expected high water table must
be at least 10 feet below the bottom of the 20 foot deep trenches.

Trench-use efficiency, however, is low for the 20 x 20 ft
trenches, averaging only about 50%. Expected LLW generation rates
of about one million cubic feet per year would require 6250 linear
feet of trench. If each trench were 400 feet long, the area
required for one year's production of LIW would be 4.3 acres,
exclusive of access roads for cranes, trucks, and a railroad.

ENGINEERED LOW-LEVEL TRENCH

Trench-use efficiency can be improved by providing larger
trenches. These larger trenches are called Engineered Low-Level
Trenches, or ELLT. Plan and cross-section views are given in
Figures 2.2 and 2.3. A typical trench would be about 500 feet long
and 170 feet wide at the top. Sides are sloped at a 45 degree
angle. A ramp is provided for truck access. Waste boxes, similar
to the one shown in Figure 2.4, can be stacked such that the
trench-use efficiency is 80% or greater.

The floor of the ELLT is covered with a layer of crusher-run
stone. The floor is sloped about 1% to a corner of the excavation,
such that rainwater is directed away from the emplaced boxes.
Surface water intrusion is prevented by providing a protecting berm
at the surface and by surface grading to drainage ditches.

Boxes can be stacked about four layers high in the ELLT.
After the boxes have been emplaced, the trench is covered such that
at least 4 feet of clean soil is placed on top of the boxes.

Near surface disposal of LLW can be used successfully for the
disposal of low-level radioactive waste under the following
conditions:

o The soil characteristics must be such that water does not
collect in the closed trenches. The soil must not have
sinkholes, large cracks, etc.

o If the waste forms are not stabilized, subsidence of trench
covers must be corrected on a continuing basis, until the
waste and soil beneath the cover has stabilized. Subsidence
promotes ponding on the trench surface and increases the
amount of water that infiltrates the trench.

The two conditions described above will not delay the migration
of tritium from tritiated waste forms. Special encapsulation
methods or special containers can be provided to prevent the
migration of tritium.
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DIMENSIONS mcusn INTEMIOR EXTERIOA
HEIGHT 47 78
WIOTH 48 48 18/16¢
LENGT™ 72 7218160

DESCRIPTION :

Classification - Strong Tight Container

Pachage Type - Container

Capecity - ot

Maserie) - 14 gauge low carbon hot rolled steel
Gross wt. (empty) - 6201

Payloed . o.omu.:

Max. losded Wi - 46201

Shieiding - Optional

FIGURE 2.4 TYPICAL METAL STORAGE BOX
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2.1.1.3 Trench Disposal Performance at the Savannah River Plant

Low-level waste disposal in trenches has been studied
extensively at the Savannah River Plant® for over 30 years. More
than 15 million cubic feet of LLW have been emplaced. The waste
contained more than 10 million curies when buried, but with decay
the estimated present radioactivity content is about 3 million
curies.

While intensive monitoring of the disposal site has indicated
limited migration of specific radionuclides from the waste
emplacements, the overall performance of the site, taken as a
containment system, has been very good. Measurements of radiation
intensities in 11 boreholes, repeated analysis of groundwater from
more than 140 wells, and assays of more than 2000 feet of soil cores
over a period of 25 years show that leaching and migration of buried
radionuclides have been minimal®. Traces of alpha and beta-gamma
emitters, and 1 to 2 percent of the disposed tritium are in
groundwater after 30 years of disposal site operation. Of these
radionuclides, traces of alpha and beta-gamma emitters have moved
short distances (up to a few hundred feet) from the point of entry.
Small amounts of tritium have migrated about 1000 feet to outcrop at
an annual rate of about 0.6% of the quantity in the saturated zone
in the disposal site.

Several factors have contributed to the performance of the SRP
disposal site in meeting the objective of long-term removal of waste
radionuclides from man's environment. These are:

o Limited opportunity for waste leaching.

o A long groundwater flowpath that allows for both decay and
dilution to occur.

o High soil adherence for leached radionuclides. Soil
adherence effectively retards the migration of Sr-90,
Cs-137, Pu-238, and Pu-239, but not tritium (H-3), Tc-99, or
I-129.

The performance for waste emplacement at SRP can be
characterized by a "containment factor", which is defined as the
ratio of radioactivity buried to that which has reached the water
table, as estimated from groundwater monitoring®. The containment
factors are given in Table 2.2, which shows that about 2% of buried
tritium has reached the water table, after which it undergoes decay
and dilution in a long subsurface flow path. For other buried
radionuclides, the_containment factors are much greater and on the
order of 10% to 107.
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TABLE 2.2 RADIONUCLIDE INVENTORY THROUGH 1984 FOR WASTE DISPOSED
OF IN EARTHEN TRENCHES AT THE SRP LLW DISPOSAL FACILITY

RADIONUCLIDES VOLUME, QUANTITY DISPOSED, CONTAINMENT
CUBIC METERS CURIES FACTOR

TRITIUM 23,000 4 x 106 50

FISSION PRODUCTS,

ACTIVATION PRODUCTS 303,000 5.2 X 106 4 X 107

ALPHA EMITTERS2 101,000 2.6 x 104 1 x 106

a. Does not include TRU waste stored retrievably above grade.
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2.1.2 Greater Confinement Disposal
2.1.2.1 Definition

Greater confinement disposal is defined? in DOE Order 5820.2 as
"a technique for disposal of waste that uses natural and/or
engineered barriers which provide a degree of isolation greater than
that of shallow land burial but possibly less than that of a
geologic repository."

The NRC, in their regulations for licensing commercial LLW
disposal facilities?, does not use the term "greater confinement,"
but the concept is similar. The NRC defines an "engineered barrier"
as a man-made structure or device that is intended to improve the
land disposal facility's ability to meet performance criteria for
waste with high specific concentrations of radionuclides, which are
designated as Class B and C waste, as opposed to low concentration,
or Class A waste.

In the facility description that follows, the major design
objectives of a Greater Confinement Disposal (GCD) facility are:

o To provide deeper burial to minimize to the extent possible
water, root, animal, and future human intrusion to the
waste.

o To provide a stable waste form that will prevent future
subsidence, which could lead to water intrusion.

o To provide a low permeability cap upon closure to reduce
water infiltration to the waste.

The GCD concepts have been developed for the disposal of the
high-activity fraction of LIW. This is waste that would correspond
approximately to the categories of waste labeled Class B and Class C
in the NRC regulation 10CFR61. The GCD concepts are also useful for
the disposal of waste with half lives of 30 years or less, and for
radionuclides with high mobility.

2.1.2.2 Description of Greater Confinement Disposal Facilities

Two subsets of Greater Confinement Disposal (GCD) facilities
are described -- a GCD borehole design, and a GCD trench design. For
both, the methodology is deeper burial (deeper than SLB),
surrounding the waste forms with a foot or more of grout,
stabilization of the waste forms after emplacement with grout, and
closure methods to prevent root intrusion to the waste and to reduce
to a minimum the percolation of water to the waste.
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GCD BOREHOLE DESIGN

The GCD borehole design is shown in Figure 2.5. Waste is
emplaced in a 7-foot diameter, 20-foot high liner -- total volume
770 cubic feet. 1In the GCD demonstration at Savannah River, the
liner is a half-inch~thick water tight fiberglass cylinder with an
integral bottom. The liner is placed on a one-foot-thick concrete
pad in a 9-foot-diameter augured hole. The top of the base pad is
30 feet below grade and 10 feet above the expected high water table.
The top of the waste placed in the liner will be at least 10 feet
below grade. The liner is surrounded by a one-foot-thick annulus of
grout. Grout is poured around all waste forms placed in the liner,
to form a solid cement-waste matrix inside the liner. After all
waste is emplaced in the liner, a one-foot thick layer of grout is
poured on top of the top waste form.

A removable steel liner is placed on top of the collar that
prevents soil from collapsing on the liner during construction and
waste emplacement. It also provides support for a steel rain cover
and a safety fence.

The GCD boreholes are spaced 16.5 feet center-to center in two
rows of ten (in the demonstration design). The area around the
boreholes is graded to prevent surface water intrusion. The area is
provided with a hard gravel surface for crane access to the
boreholes.

Each borehole can hold six layers of seven 55-gallon drums, or
each can hold boxed waste but at less volume utilization. Borehole
diameters can be made larger: the size of the 9-foot-diameter
augured hole was chosen for the demonstration on the basis that this
was the largest diameter that could be drilled with a mobile unit.
Diameters of 12 feet can easily be attained, but at a larger expense
and with a more complex drilling unit.

A typical closure of GCD boreholes is shown in Figure 2.6. A
thick compacted clay cap is formed over the filled boreholes, and on
top of this is placed native soil to make the total depth from
surface to the waste at least 16 feet. This depth is chosen because
it is the expected depth of maximum root penetration in the humid
environment of the Southeastern sector of the U. S. The
one-foot-thick grout cover over the waste will further discourage
root, animal, and human intrusion.

GREATER CONFINEMENT DISPOSAL TRENCH FACILITY

A GCD trench is built with the same objectives as a GCD
borehole. A typical GCD trench would have four concrete lined
cells, each about 25 x 50 feet, and about 20 feet deep. The bottom
of the cells would typically be 30 feet below the surface. Each
cell would have a rain-tight cover.

Waste would be emplaced in the cells about one foot from the
walls, and this one-foot space would be filled with grout when the
waste forms themselves were stabilized in place with grout. The



2-14 DPST-85-862

i
L - Safety Fence
38 Steel Cover
ol 1 Bl =
| jam]
*—AD—T. >
)
(=] v
= 7-6 1.0
Steel Collar
—Lifting Lugs —___
4 i
L
° £ Monitoring Well
<) 7'-0" L.D. %1
N Fiberglass Liner  Bor

Pumped Grout

This shows the design of the borehole. A 9’ diameter hole is augered to a depth of 34.5’. Then a
steel collar with a safety fence, a monitoring well, and gravel to cover the screened portion of the well
are placed. A concrete pad is poured on top of the gravel and ailowed to set. Finally, a fiberglass
liner is set on the concrete pad and a cement grout is poured in the annular space around the liner.

FIGURE 2.5 GCD BOREHOLE DESIGN
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This is the design for closure of the GCD boreholes. After the boreholes are filled with waste, the
collars will be removed and a low-permeability clay cap will be placed over the two rows as shown,
Native soil will be added on top of this clay until the grade level is 6’ above the original grade level.
This will make the minimum distance between the waste and grade ievel 16’ and will help prevent
future root and animal intrusion.

FIGURE 2.6 GCD BOREHOLE CLOSURE
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total volume in this GCD unit would be about 100,000 cubic feet. The
GCD trench would be used for emplacement of high-activity waste
forms too large to be emplaced in GCD boreholes.

GCD trenches would be closed in a manner similar to the
boreholes. The intent would be to prevent to the extent possible
future root, animal, and human intrusion to the waste.

2.1.2.3 Greater Confinement Disposal Performance

Greater Confinement Disposal designs have been assessed by
Trevorrow, Gilbert, Luner, et al.lo, where they conclude that "the
need for disposal technology offering greater confinement than SLB
arises not only from the existence of wastes exceeding the
regulatory limits for SLB, but also from individual policies of
organizations and demands of concerned citizens." In this reference,
the authors expand the GCD concepts by including improved waste
forms and high-integrity containers for emplacement in GCD
structures.

GCD boreholes have also been used at the Nevada Test Sitell,
In the NTS design, the boreholes are unlined, but much deeper than
described above. This design is specific for the geologic and
climatic conditions at the Nevada Test Site.

GCD boreholes at Savannah River have been in operation for only
a few years. It is too early to assess long-term performance.
However, the boreholes have been dry, indicating that no water is
infiltrating to the waste. The grout liner is expected to last for
hundreds of years, and while the lifetime of the inner fiberglass
liner is not known, the fiberglass is made with a resin that is
specifically unaffected by most chemicals. It is expected to be
stable in the grout matrix for greater than one hundred years.

The volume of higher activity waste that should be placed in
GCD boreholes or trenches has been estimated (more detail is given
in Section 2.3). About 5% of the volume of SRP LLW, or about 50,000
cubic feet a year, has an activity level that would require GCD
emplacement. Thus a GCD trench with a volume of about 100,000 cubic
feet could last about 2 years if all of the GCD triggered waste were
placed in a GCD trench.
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2.1.3 Above-Grade Operation
2.1.3.1 Definition

An Above-Grade Operation (AGO) facility is defined as an
above-ground engineered storage or disposal facility constructed at
grade on a pad, with the main objective being to decouple percolate
water from the ground or surface water. Prior to closure operations
waste forms may be retrieved from the facility, and as such the
facility could be considered a storage facility. After closure
operations the waste could no longer be easily retrieved, and as
such the facility would be considered a disposal facility.

An AGO can be constructed on top of existing SLB trenches. The
design, which would include an impermeable base, would be part of

the closure design for the SLB trenches. Closure of the AGO would
provide additional closure for the below-grade SLB.

2.1.3.2 Description of an Above Grade Operation
DESIGN OBJECTIVES

The basic design objective is to provide above-ground storage
and/or disposal for containerized waste forms. Other main design
objectives are :

0 To decouple the waste from the groundwater by use of a
percolate water collection system.

o To be able to retrieve the waste forms for any purpose --for

example -- repair of the facility, or repair of a container,
or removal of containers to another storage/disposal
facility.

o To reduce the percolate water reaching waste forms disposed
of below the AGO facility (if the AGO is built over an
existing waste disposal area).

o To divert surface water runoff from the AGO to areas that
will not be impacted by the excess water.

o To extend the life of a given storage or disposal area.
SITE SELECTION

The criterion for site selection for an AGO facility is minimum
potential for subsidence. Therefore, if the AGO is placed over a

filled SIB trench, that trench must have a minimum potential for
future subsidence.
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DESIGN

The conceptual design consists of a stable sub-base made of
clay and an impermeable geomembrane, a gravel surface for
emplacement of waste containers, a percolate water collection
system, and a cover consisting of filler material, an impermeable
geomembrane, and soil formed to prevent surface erosion.

A typical design concept is shown in Figure 2.7. In this
example, the sub-base is composed of a clay cover over existing
waste disposal trenches, an impermeable plastic membrane, a layer of
sand to protect the membrane, a second plastic layer to maintain
separability between the layer of sand and the final layer of
gravel. The sub-base is sloped to collect any water that appears
while waste is being placed on the AGO and to collect percolate
water after closure. If the closure is designed properly, no
percolate water will be collected.

The waste shown in Figure 2.7 is boxed waste where the boxes
can be stacked 2, 3, or 4 high. Other containers are acceptable.
The criteria for containers are:

o0 The containers must be free of external contamination.

o To the extent practical the containers must contain
stabilized waste to prevent collapse of the waste forms. The
stabilization can be accomplished by compaction of the waste
in the containers, or by stabilizing the waste in the
containers by a cement grout or other stabilizing matrix.

The cover of the AGO consists of layers of sand, clay, an
impermeable membrane and soil. The cover membrane would be sealed
to the impermeable membrane on the bottom of the AGO to form a
sealed envelope around the stacked waste forms. An end view of a
facility constructed over a previously filled shallow land burial
facility is shown in Figure 2.8.

All percolate water will be collected, monitored, and if
contaminated, then stabilized and disposed of as low-level solid
waste or treated as low-level liquid waste at a separate facility.
Surface water would be channeled away from the AGO facilities to
eliminate erosion of existing disposal facilities.

2.1.3.3 Above Grade Operation Performance

There has been no experience in the use and performance of an
Above Grade Operation such as that described above; however the
concept is similar to the storage pads used at the Savannah River
Plant and other DOE facilities for transuranic waste material. The
performance of these pads has been very good since their use began
in 1972.
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2.1.4 Above and Below Grade Vaults
2.1.4.1 Above Grade Engineered Vault
2.1.4.1.1 Definition

An Above Grade Engineered Vault is a disposal system in which
the waste material is completely enclosed within a structural
framework. Depending upon the waste form the vault design may range
from a massive concrete structure (e.g. TVA storage buildings at
Brown's Ferry, which are designed to store relatively high activity
wastes such as ion-exchange resins), to relatively simple metal
structures (e.g. the Canadian storage building at the Bruce Station,
which ‘stores very low activity waste).

2.1.4.1.2 Description of Above Grade Engineered Vault

A conceptual design for an Above Grade Engineered Vault is
shown in Figure 2.9. 1In this design the vault floor and walls are
formed of two-foot thick concrete. There can be two variations of
the design: in the first the vault has no chambers. Equipment that
is used to stack containers therefore has free access to all parts
of the vault. Figure 2.9 shows the first concept. In the second
variation chambers are designed to allow the formation of concrete
monoliths at convenient time intervals. This vault concept is shown
in Figure 2.10. All percolate water is collected, monitored and
treated if necessary by solidification and disposed of in the vault
or treated as low-level liquid waste in a separate facility.

2.1.4.1.3 Above Grade Engineered Vault Performance

There has been no experience in the use and performance of an
Above Grade Engineered Vault made of concrete; however, it should
perform at least as well as a Below Grade Engineered Vault.

2.1.4.2 Below Grade Engineered Vault
2.1.4.2.1 Definition

The concept of waste disposal in a below grade engineered vault
is actually a special case of Greater Confinement Disposal. 1In this
case the excavation is lined with concrete walls, floor, and top.
This concept provides a structural barrier between the waste and the
surrounding soil.

2.1.4.2.2 Description of Below Grade Vault

A conceptual design for a Below Grade Engineered Vault is shown
in Figure 2.11. The excavation is lined on the bottom and sides
with two feet of concrete, which could be either poured in forms,
precast, or formed of shotcrete. The vault would be divided into
chambers which would be designed to support a rain cover for each
chamber. A complete percolate water collection system is
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incorporated into the design. Percolate water could be collected,
monitored, and treated if necessary to form a stabilized waste form
that would be disposed of in the vault or treated as low-level
liquid waste in a separate facility.

The waste material may be treated in a number of ways before
emplacement into the vault. Stabilized waste forms -- that is,
waste forms that would resist subsidence =-- could be placed in the
vault and grout poured directly around the forms. In another method
that would prevent subsidence, the waste could be placed into
concrete forms such as hexagons or cylinders, and these concrete
waste forms would provide the desired degree of stabilization.
Alternatively, the vault and cap could be designed to prevent
subsidence without relying on the emplaced waste forms.

A two-foot thick concrete cap would be placed over a filled
vault. This could be poured to form a solid monolith, or it could
be precast in sections and placed by a crane. The precast cap would
retain the possibility of retrieval of the waste forms.

A concrete cap could be designed to have structural properties
that would provide the desired degree of protection against plant,
animal, and human intrusion for closure (See Section 2.8 on Closure
Plans).

2.1.4.2.3 Below Grade Engineered Vault Performance

Depending upon the waste emplacement option chosen the
Engineered Below Grade Vault disposal system is similar to either
the French monolith design, or the Canadian concrete bunker design.
Both systems have been in operation for a number of years with no
detectable release of activity (References 12 and 13). The
structural characteristics of the design should ensure integrity of
the system for hundreds of years.

2.1.5 Engineered Storage of Low-Level Waste
2.1.5.1 Definition

Engineered storage of low-level radioactive waste is a system
where low-level waste is stored in an engineered structure under the

following criteria:

o All materials are stored in a retrievable manner in
facilities having a design life of about 50 years.

o All LLW is stored in engineered structures designed to
decouple the waste from ground and surface water. No waste
is placed directly in soil.

o Only solid waste is stored. Liquid waste has to undergo
pre-treatment to ensure immobilization.
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o0 All waste emplacement is treated as interim storage. Some
of the waste will decay in place to low levels of activity,
while other waste will be stored for later retrieval and
ultimate disposal.

Engineered storage can consist of above or below ground
concrete or steel (or other) structures that are specifically
designed to isolate the waste from ground and surface water, and are
designed for relatively easy retrievability of the waste forms. The
structures for the most part will have shielding walls as an
integral part of the design. The design aspects of engineered
storage facilities make the location of these facilities site
independent. The location is not dependent on soil structure or
hydrology of the site.

2.,1.5.2 Description of the Facility

The objectives of the designs are to store low-level
radioactive waste retrievably for the purpose of either
decay-in-place for short-lived radionuclides or later retrieval for
disposal in a geologic repository. A necessary preliminary
segregation step is required for storage, which is segregation of
the waste according to the radiation level of the waste forms.

Waste would be separated into at least three categories according to
radiation level -- low activity, intermediate activity, and high
activity. The activity levels referred to below are those used at
the Ontario Hydro facility at the Bruce Stationl2.

LOW ACTIVITY STORAGE BUILDING

Waste with low levels of radiation =-- radiation levels of less
than about 1 mrad/hour at 3 inches -- would be stored in an
above-ground concrete building. Design features of the storage
building would include:

0 Concrete walls 15 to 18 inches thick, and a concrete roof 6
to 10 inches thick. Great attention must be placed on roof
design to make it water tight.

o A poured concrete floor of suitable load bearing capacity,
with an internal drainage collection system that is capable
of collecting and monitoring drainage from individual
sections of the building.

0 The size of the building must be such that it can store
about a year's generation of the low activity waste. A
typical building would be about 150' long, 100' wide, and
30' high. Waste storage capacity is about 50% of the
building volume, or 225,000 cubic feet.

o The building would have a smoke detection system, a fire
extinguishing system, forced air ventilation with filters,
internal lighting, and racks for stacking waste packages.
The racks would be positioned to allow stacking the waste
forms with a loading vehicle similar to a fork-lift truck,
and to allow visual inspection of the waste forms.
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The building would be designed as a modular structure to

allow for easy expansion by connecting similar buildings to
it.

INTERMEDIATE ACTIVITY STORAGE FACILITY

The intermediate activity storage facility would be designed to
store waste with radiation levels greater than 1 mrad/hour at three
inches but less than or equal to 100 mrad/hour. Remote handling of
all waste forms will be required. Design of the storage facilities
could be along several different lines. Typical examples would be:

o

Cylindrical holes bored into the ground, with water-tight
steel liners and covers. The waste is emplaced into the
liners and can be grouted in place. When the waste is
retrieved, the liner itself is removed and becomes the new
waste form.

Underground watertight vaults, with concrete (or other)
covers. The vaults are provided with a complete water
collection and monitoring system. Waste forms are emplaced
and removed from the vault by remote operation.

Aboveground watertight vaults, with concrete (or other)
covers. Waste is emplaced or removed remotely. The covers
are shielded, sloped to provide runoff for precipitation,
and provided with lifting lugs.

HIGH ACTIVITY STORAGE FACILITY

High activity storage facilities would be similar to the
intermediate storage facilities, except that more shielding would be
required. Waste placed in these facilities would have radiation
levels in excess of 100 mrad/hour at three inches. If the facility
is placed above ground, the side wall shielding would have to be
three or more feet thick. Covers would have to be at least three
feet thick and made in two or more pieces to reduce the weight of
each piece. A possible design would be to have an inner concrete
cover and a separate outer concrete cover.

Remote handling of all waste forms would be required. The
facility would be designed with removable steel liners to facilitate
retrieval.

GENERAL METHOD OF OPERATION

Waste packages would be assayed for isotopic content and
radiation level. A decision would then be made as to which storage
facility would receive the waste. The package information would be
entered into a computer, and the computer would calculate the
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estimated radiation level as a function of time. As decay occurs,
the waste could be moved from the high to the intermediate and
finally to the low activity storage building. The storage building
could be expanded as needed. Waste would be removed from the low
activity facility when a decision is made on the final disposition
for the waste.

2.1.5.3 Performance of Engineered Storage

Engineered storage structures have been used with great success
by Ontario Hydro in canadal? for storage of waste prior to
emplacement in a repository, and in France for decay-in-place of
tritiated waste forms.

2.1.6 Engineered Disposal Facility
2.1.6.1 Definition

An engineered disposal facility is similar to the storage
facility described in Section 2.1.5, except that:

O Waste forms are disposed of without intent of
retrievability.

o Waste forms are either stabilized (that is, compacted,
grouted, or other) before emplacement by pretreatment
(Section 2.5), or else the waste forms are stabilized with
grout after emplacement, or waste is placed into containers
which are inherently stable.

o The facility will undergo an engineered closure operation
and post-closure phase when the facility is filled. (See
Section 2.8 for closure plans.)

Similar to the engineered storage facility described above, the
engineered disposal facility will be designed to isolate the waste
from ground and surface water. The closure operation will be
designed to reduce the amount of water percolating to the waste to a
very low amount -- about 0.1% of normal.

2.1.6.2 Description of the Facility

The following description of the engineered disposal facility
closely parallels the description of the low-level radioactive waste
disposal facilitg operated by France at the Centre de la Manche,
near Cherbourg.l
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Prior to disposal the waste is segregated into three parts
--high, intermediate, and low activity waste. Also prior to
disposal the low activity waste is stabilized by:

o Compacting drummed waste and placing the crushed drums into
cylindrical concrete forms that are subsequently filled with
grout and sealed, or

o Incineration and subsequent stabilization of the ash in
cement, or

o Stabilizing boxed waste by injecting grout into the boxes in
a way that makes the waste form stable in the event the
metal box corrodes or fails.

In general, the three waste classes are disposed of in an
earth-mounded concrete bunker disposal facility. In this concept,
waste containers that do not provide adequate isolation of
radionuclides are disposed of in subsurface units composed of
concrete monoliths or bunkers, while packages of very low level
activity waste, or waste whose container does provide adequate
radionuclide isolation (concrete cylinders or compacted drummed
waste) are stacked on top of the monoliths at surface level in what
are called "tumuli". Once a disposal unit is filled with monoliths
and tumuli it is covered with layers of clay and soil to look like
an earth-mounded concrete bunker.

The disposal method begins with the excavation of a 3000 square
meter disposal unit (32,300 square feet, or about 180' x 180'). A
concrete pad is formed that has a complete drainage and water
collection system. The water collection system will collect any
water that may percolate through the disposal unit and take it to
individual checkpoints where it can be monitored for activity. 1If
there is an abnormally large amount of water, or if it contains
radioactivity above background levels, this signals a failure in the
disposal unit's cap. The cap failure can be located and repaired,
and if the water is contaminated it is processed directly on site by
stabilizing it in cement and disposing of it in the facility.
Another water collection system completely surrounds the facility to
divert surface runoff away from the disposal units. The water
collection system is a critical part of the design of the entire
disposal facility.

On top of the concrete pad formed in the excavation, disposal
cells, or monoliths, are formed side by side, either by pouring
concrete into reusable steel molds or by using prefabricated
concrete panels lined with reinforcing steel. Waste packages are
lowered into the monoliths by cranes a layer at a time and covered
with grout. Reinforcing steel is placed on the last layer of
packages and covered with concrete. Two meter (6.5') wide channels
are formed between selected rows of monoliths for disposal of waste
that requires remote handling (that is above a contact radiation
level of about 200 mrad/hour). The remote handled waste is lowered
into the channels by a shielded crane or by use of a shielding bell
that surrounds the waste form. After the high activity waste is
placed in the channel it is also covered with concrete.
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The excavation, when filled, thus becomes a large, solid
concrete monolith. To help prevent rainwater from entering the
monoliths during the time they are being filled, a transportable
cover is placed over the openings. This cover enables waste
operations to take place on rainy days and decreases the amount of
water that is collected and monitored during disposal operations.

When the subsurface disposal unit has been filled with
individual monoliths, and when all of the channels have been filled
with the high activity waste, the unit is covered with a reinforced
concrete pad that is surrounded by another water collection system.
(This system is independent of the collection system for the
below-grade monoliths.) Stabilized waste packages of low activity
waste are arranged in stacks up to 20' high on top of the pad.
Concrete cylinders are placed around the periphery of the pad to
form a structural framework. Other waste forms are then placed
inside the walls. When the pad surface area has been filled with
waste forms, it is backfilled with gravel, clay or other material.
It is then covered with a layer of impermeable clay and a layer of
soil which is planted with local vegetation. These layers form a
temporary closure, which will be altered when a permanent closure is
accomplished.

The ratio of volume of waste to surface area used is about
3.3:1, or about 10,000 cubic meters of waste can be disposed of in a
3000 sguare meter area.

2.1.6.3 Performance of Engineered Disposal

The disposal system described above has been in use in France
since 1979 for the disposal of both commercial and defense related
low-level radioactive waste. The facility has met all of the French
performance criteria for radioactive waste disposal, which are very
similar to those in the United States.

2.1.7 Combination of the Above

A low-level solid radioactive waste disposal facility could use
a combination of the disposal designs described above, or else it
would be an engineered disposal facility as described in Section
2.1.6. In the combination form, the following disposal practices
would take place:

o Beta-gamma activity waste would undergo rigorous segregation
and pretreatment (discussed in Section 2.5) by the waste
generators. Waste would be segregated into:

o Combustible and non-combustible fractions.

o Low, intermediate, and high activity fractions.

o Tritiated and non-tritiated waste.
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o Waste containing short half-life radionuclides
--30 years or less, and waste with longer
half-lives.

0 Miscellaneous waste forms, such as large bulky
waste that cannot be decontaminated or reduced in
size.

o Offsite DOE waste and classified waste.
o All waste would be placed in contamination free containers

A typical combination of the above described facilities that

could constitute a modern low-level waste disposal facility would
be:

o Above or below grade vault disposal, or Greater Confinement
Disposal, of the intermediate and high activity fractions of
the waste, classified waste forms, and offsite waste if the
activity levels exceed certain trigger values.

o Above-grade operation facilities for disposal of
low-activity waste forms, and large bulky waste forms that
cannot be size-reduced or decontaminated.

o Engineered storage facilities for:

o Storage of tritiated waste forms, where the
tritium would be allowed to decay in place for a
length of time equal to ten or more half lives.

o Storage of waste with long half lives, such as
waste containing primarily carbon-14 (5730 year
half-life) or iodine-129 (16 million year
half-life). The final disposition of this waste
would be determined at a later time.

As an alternative to the above, all waste except that
containing tritium and long-lived radionuclides, such as carbon-14
and iodine-129, could be disposed of in an engineered disposal
facility described in Section 2.1.6. Tritiated waste would be
stored for decay-in-place, while the long-lived waste would be
stored for as long as necessary.
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2.2 FACILITY DESCRIPTIONS -~ GENERAL

Site preparation for a new facility would be done before
radioactive waste is stored or disposed of in the facility. Site
preparation includes tree removal, grading, construction of railroad
tracks, access roads, drainage areas, fencing, security gates, and
lighting, including the installation of transformers and lighting
panels.

Site preparations would also include the installation of
monitoring facilities (discussed in Section 2.7), including air and
water monitoring stations, office buildings (including computer
facilities), and waste monitoring stations.

Site preparations would also include construction of storage
and disposal facilities that would have a two-or-more year capacity
for waste arisings.

Prior to construction of roads and fences, the selected area
would be cleared and grubbed. All vegetation would be removed and
the area prepared as land classified for a lawn. Only selected
grasses would be planted to hold the top soil. Selection would be
based on the depth of root penetration and amount of
evapotranspiration afforded by the top growth.

2.2.1 Fencing, Roads, Drainage

FENCE

A chain-link fence topped with barbed wire would surround the
new facility. An appropriate number of 30-foot wide gates -- at
least four -- would be provided. One or more of these gates would

be operated automatically.

ROADS AND RAILROADS

There would be a patrol road installed adjacent to the outer
fence. The road would be constructed to provide clear viewing of
the interior of the storage/disposal area, and provide access to
perimeter air and water monitoring stations.

A paved access road would be provided for the main entrance
gate.

Graveled service roads would be provided for access to the
storage/disposal locations of the facility.

A standard gauge railroad would be constructed to serve the
areas of the facility used to store or dispose of large or heavy
waste containers.
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SEDIMENTATION CONTROL

Sedimentation control measures would be used to prevent silt
runoff during construction operations.

DRAINAGE STRUCTURES

Surface water drainage structures would be designed to prevent
surface water from running onto the disposal or storage areas from
adjacent areas, and would be designed to facilitate surface water
runoff and to prevent ponding.

2.2.2 Security and Access

Access to the area would be through one main gate that could be
controlled by operating personnel. Other gates, including the
railroad gate, would remain locked during normal operation.

Tall lighting poles would be constructed to make the entire
area visible at night. Patrol personnel should be able to observe
clearly all areas of the storage/disposal facility.

External speakers would be installed to enable communication
with drivers arriving at the main access gate.
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2.3 QUANTITY OF LOW-LEVEL WASTE GENERATED

The following sections describe the quantity of low-level
radioactive waste that is expected to be stored or disposed of for
the first few years of operation of the storage/disposal facility.
In this section are listed the volume, curies, and isotopic
distribution of the waste. The following section, Section 2.4,
describes the waste streams produced by the different waste
generators.

The present annual generation rate of beta-gamma waste is about
900,000 cubic feet per year. This waste contains about 100,000
curies of radioactivity at the time of disposal. Another 100,000
cubic feet of transuranic waste (TRU) is stored retrievably on pads
above ground. The TRU waste storage is not a disposal operation.

2.3.1 Volume, Curies
2.3.1.1 Volume and Curies by Isotope

Waste disposal records are stored on the computerized burial
record system, labeled COBRA, that is in use at the Savannah River
Plant. On this system is recorded twenty isotopes, or groups of
isotopes, by volume buried and quantity buried in curies or mass.
The isotopes listed are:

cobalt

cesium

fission products
induced activity
plutonium=-241
strontium
depleted uranium
enriched uranium
plutonium=-242
americium=241

curium-244
californium-252
plutonium=-239
uranium-233
natural uranium
neptunium-237
plutonium-238
tritium

thorium

The isotopes are also listed according to the type of

radiation level emitted by the waste forms. Burial Code 1, or
low-activity waste, is waste with a radiation level less than 300
mr/hour at 3 inches from the waste package or alpha waste that
contains less than 10 nanocuries per gram of alpha activity. Burial
Code 2, or Intermediate Level waste, is waste with a radiation level
in excess of 300 mr/hour at 3 inches.

Table 2.3 lists the three-year average of volume, in cubic feet
per year, and activity, in curies disposed of per year, for the
nineteen isotopes (or isotope groups, such - as in the general label
for fission products.)

Table 2.4 lists the isotogic distribution for fission product
waste, decayed for five yearsl?. The values listed in this table
are to be used as relative values only, although the units are
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TABLE 2.3
LOW-LEVEL WASTE ARISINGS
THREE YEAR AVERAGE (1983, 1984, 1985)

(Volume is listed in cubic feet/year, activity in curies/year)

ISOTOPE VOLUME CURIES ISOTOPE VOLUME CURIES
Cobalt 16200 7900 Curium 550 0.05
Cesium 8600 4.9 cf-252 1800 9.2
Fission 532000 770 Pu-239 125000 0.06
Products

Induced 48000 9700 U-233 1400 0.05
Activity

Pu-241 270 0 Natural 630 0.005

Uranium

Strontium 660 3.0 Np=-237 31 0
Depleted 67000 4 Pu-238 47900 0.5
Uranium

Enriched 53600 0.06 Tritium 60300 74800

Uranium

Pu-242 140 0 Thorium 13700 0.001

Am-241 120 1.2

THREE-YEAR AVERAGE GENERATION RATE BY RADIATION LEVEL

WASTE TYPE VOLUME, CUBIC FEET/YEAR ACTIVITY, CURIES/YEAR

Low Activity Level 847,000 7,800

Intermediate Level 137,000 85,400

Total 984,000 93,200
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RADIONUCLIDE CONTENT OF 5-YEAR WASTE

TABLE 2.4

ISOTOPE  CI/GAL

H 8 4.12E-08
C 14  1.736-07
Cr 51  1.05E-20
Co 60  1.93E-02
Ni 69  1.56FE-04
Ni 63  3.85E-02
Se 79  1.G1E-0S
Rb 87  1.02E-09
Sr 89  3.07E-09
Sr 90  3.43E+00
T 90  S.43E+00
Y 91  1.06E-07
Zr 98 1.27E-04
Zr 95  1.12E-08
Nb 94  S.65E-09
Nb 95  2.40E-08
Nb 95M  1.42E-08
Tc 99  5.53E-04
Rul08  2.56E-12
Rul06  8.35E-01
RR10SM  2.56E-12
Rh106  3.34E-01
P4107  1.0SE-06
Agl10  1.93E-0S
AgllOM  1.4SE-08
Cd115M4 1.0SE-18
In115  7.84E-16
In115M 9.81E-18
Sn12IM  8.71E-06
Sn123  S.01E-05
Sn126  1.71E-08
Sh124  8.12E-12
Sb125  9.60E-02
Sb126  2.40E-08
Sb126M  1.71E-05
Tel25M  2.34E-02
Tel27  1.02E-05
Tel27M  1.04E-0S

Tel29

2.59E-16

ISOTOPE CI/GAL
Tel29M 4.07E-16
1129 9.42E-07
Xel3IM 2.72E-48
Cs134 3.89E-01
Cs135 6.72E-06
Cs138 1.15E-42
Cs137 3.59E+00
Ba136M 3.68E-48
Bal87M  3.40E+00
Ba140 4.26E-41
Lal40 4.91E-41
Celdl 4.07E-15
Cel42 1.08E-09
Celd4 1.12E+00
Pr148 1.86E-38
Prl144 1.12E+00
Pr144M  1.84E-02
Nd144 5.45E-14
Nd147 1.44E-48
Pmn147 2.74E+00
Pm148 7.88E-15
Pm148M 1.14E-18
Sm147 2.16E-10
Sm148 6.88E-16
Sm149 1.98E-16
Sal51 2.67E-02
Eul52 4.27E-04
EulS54 7.02E-02
EulsB 5.56E-02
EalS56 5.92E-38
Gd162 7.86E-18
Th180 1.27E-10
T1206 5.87E-22
T1207 7.97E-12
T1208 1.24E-07
T1209 5.06E-18
Pb209 2.84E-14
Pb210 1.64E-18
Pb211 7.99E-12

ISOTOQPE  CI/GAL

Pb212 3.46E-07
Pb214 2.47E-12
Bi210 1.61E-13
Bi2l0M 5.37E-22
Bi211l 7.99E-12
Bi212 3.46E-07
Bi2138 2.34E-14
Bi2l4 2.47E-12
Po210 1.27E-13
Po212 2.22E-07
Po218 2.29E-14
Po214 2.47E-12
Po2185 8.01E-12
Po218 3.46E-07
Po218 2.47E-12
At217 2.84E-14
Rn219 8.01E-12
Rn220 3.46E-07
Rn222 2.47E-12
Fr221 2.84E-14
Fr223 9.96E-13
Ra228 8.01E-12
Ra224 3.46E-07
Ra225 2.87E-14
Re226 2.48E-12
Rea 228 1.58E-15
Ac22%8 2.34E-14
Ac227 7.22E-12
Ac228 1.68E-15
Th227 7.09E-12
Th228 8.47E-07
Th229 2.40E-14
Th230 1.30E-09
Th231 5.95E-09
Th232 1.90E-15
Th234 3.27E-08
Pa231 5.17E-11
Pa233 9.91E-07
Pa234 6.54E-08
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TABLE 2.4 (CONTINUED)

ISOTOPE  CI/GAL _ ISOTOPE  CI/GAL ISOTOPE  CI/GAL
U282  5.76E-07 Pu289  7.96E-04 (w245  7.47E-10
U233  6.78E-11 Pu240  5.03E-04 Cm246  5.97E-11
U284  1.80E-06 Pu241  9.45E-02 (w247  7.33E-17
U235  5.94E-09 Pu242  6.70E-07 (m248  7.66E-17
U286  1.29E-07 Am241  1.22E-03 Bk249  8.23E-15
U238  3.27E-08 Am242  1.61E-06 Cr249  4.46E-16
Np286  1.9SE-12 Am242M  1.61E-06 C£250  1.76E-15
Np287  9.91E-07 An243  6.49E-07 C£251  7.41E-18
Pu236  7.04E-06 Cm242  3.94E-06 Cr252  1.8SE-16
Pu237  6.14E-18 (n248  6.25E-07 C£253  9.44E-48
Pu288  8.45E-02 Cm244  1.88E-05

Total Activity

Decay Heat

Totel Primary
Total Gammas

2.04E+01 CI/GAL

4.29E-02 WATT/GAL
1.75E-02 WATT/GAL

DPST-85-862
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given in curies per gallon. For example, given that the activity in
a waste container is 150 curies of fission products, an estimate of
the amount of any fission isotope (cesium-137, for example) can be
obtained by taking the value of that isotope from Table 2.4 (3.59
curies/gallon), dividing by the total activity of 20.4
curies/gallon, and multiplying by 150 curies.

Table 2.5 lists the expected isotopic distribution in waste
that has the generic label of induced activity.
TABLE 2.5

ISOTOPIC BREAKDOWN OF INDUCED ACTIVITY
IN REACTOR SCRAP METAL

RADIONUCLIDE HALF LIFE, YRS PERCENT OF ACTIVITY
Co=-60 5.3 62

Ni-63 100 9.5

Mn-59 0.85 7

Zn-=65 0.7 12.5

Se-75 0.3 9

NOTE: Over the last six years, 75% of the activity labeled as induced
activity has come from the reactor areas, 21% from the tritium
area, and 4% from RBOF. Thus, about 80% of the total IA
should have the isotopic distribution listed above.
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FISSION PRODUCT WASTE

Table 2.4 shows the radionuclide content of 5-year-old fission
product wastel4. (Five-year-old waste means five years out of the
reactor.) The table is to be used to determine the relative amounts
of radionuclides in the waste listed under the generic name of
Fission Products in Table 2.3. (The absolute values in Table 2.4
have no meaning in this context.) Of the 149 isotopes listed:

o 23 isotopes (>10'3 Ci/Gal) contain 99.89% of the activity.

o 21 isotopes (>102 Ci/Gal) contain 99.86% of the activity.

o 10 isotopes (>10"1 ci/Gal) contain 97.5% of the activity.

These ten isotopes containing 97.5% of the activity are:

Sr-90 Cs~-137
Y =90 Ba-137m
Ru-106 Ce-144
Rh-106 Pr-144
Cs-134 Pm-147

Waste from the canyon buildings (221-F and 221-H) and the
772-F laboratory should have the isotopic distribution of fission
product waste back-calculated for a radionuclide distribution of
only two years out of the reactor. Waste from the waste management
operations (tank farms, diversion boxes, etc.) should be treated as
five-year-old waste. The age split of fission product activity has
been estimated and averaged over the last six years of waste
generation. The split is:

ESTIMATED AGE PERCENT OF TOTAL ACTIVITY
Five-year-old waste 42
Two-year-old waste 58

INDUCED ACTIVITY WASTE

Table 2.5 gives the isotopic breakdown for waste labeled as
induced activity. All of the curies in this waste are produced by
reactor irradiation of aluminum and stainless steel. The aluminum
waste is radioactive primarily as a result of small quantities of
tramp metal in the irradiated aluminum. The activity distribution
given in the table is the expected isotopic distribution for reactor
scrap metal when the irradiated metal arrives at the disposal area.
No decay corrections are required, except for decay after disposal.

For waste labeled as induced activity that comes from the
tritium production areas, a practical assumption would be that half
of the activity results from Zn-65 and half from Ni-63. Past
measurements by the gamma monitor located in the present disposal
area have shown that irradiated aluminum contains up to six times
the amount of Ni-63 activity as does reactor scrap metall3.
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2.3.2 Quantity of Waste Produced by Generators

The volume of waste produced by the generating facilities is
listed below. The values listed are a twelve month moving average,
current to August 1985.

FACILITY VOLUME, CUBIC FEET PERCENT
PER MONTH
Tritium 5070 5
Raw Materials 8780 9
Reactors 7250 8
Separations 30830 32
Waste Management 18160 20
Laboratories 5920 6
Services 910 1
Savannah River Lab. 6480 7
Offsite 4790 5
Others _ 6940 _ 7
Total 95130 100

About 60% of the waste generated is classed as combustible
waste, and about 40% is classed as non-combustible (five-year
average) .
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2.4 DESCRIPTION OF RADIOACTIVE WASTE STREAMS

The following types of waste will have to be disposed of or
stored at a new facility. The list cannot be made all inclusive
because changing defense requirements alter production facilities
and therefore alter the waste streams.

o

Contaminated equipment: obsolete or failed tanks, pipe,
jumpers, process vessels, and other hardware. Some of the
equipment is stored if there is a possibility that a certain
process would require that piece of equipment at a future
time.

Reactor and reactor fuel and target hardware: irradiated
metal fuel components, housings, flow restrictors, gripper
knobs, and other pieces of irradiated metal. The metal is
stainless steel and aluminum. Uranium or other fuel and
target material has been removed.

Spent lithium-aluminum targets: the irradiated Li-Al alloy
from which most of the tritium has been extracted.

Operating and laboratory waste: small equipment, protective
clothing, analytical waste, decontamination residue, plastic
sheeting, gloves, shoe covers, etc.

Spent deionizer resin, dewatered, from the reactor areas.
The resin is packaged in a sealed stainless steel vessel.

Rubble and soil from slightly contaminated areas.

Equipment and building materials resulting from major
renovations. Includes flooring, walls, office equipment,
obsolete instruments, tubing, wiring, etc.

Shipments from offsite: naval hardware, tritiated waste
from other DOE facilities (Mound Laboratory and Pinellas),
job control waste from Westinghouse-Bettis Atomic
Laboratory, Shippingport Atomic Laboratory, Knolls Atomic
Laboratory, and classified wastes from the Naval Reactor
Program and other DOE facilities.

Waste is segregated into the following categories:

o Waste containing less than 10 nanocuries of alpha
activity per gram of waste and no measurable
beta-gamma activity is classed and disposed of as
low-level waste.

o Waste containing alpha activity in the range 10
to 100 nanocuries/gram may be disposed of by Greater
Confinement Disposal.
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o Waste containing greater than 100 nanocuries/gram of
alpha activity is stored retrievably or sent to a
separate alpha facility to prepare it for transport to
a geologic repository.

o Low-activity-level beta-gamma waste has radiation
levels of <300 mrads/hour or <300 mrem/hour at three
inches from the unshielded container. This waste can
be contact-handled and requires little or no shielding.
This waste also may contain less than 10
nanocuries/gram of alpha activity.

o Intermediate-activity-level beta-gamma waste has
radiation levels greater than 300 mrads or 300
mrem/hour at 3 inches, and contains less than 10
nanocuries of alpha activity/gram of waste. This waste
cannot be contact-handled, but must be handled by
shielded equipment or by remotely operated equipment.
For the most part, this waste is induced activity waste
coming from the reactor facilities or the tritium
separation facility.

o Beta-gamma waste with radionuclide concentrations over
certain values is classed as Greater Confinement
Disposal (GCD) waste.

Tables 2.6 and 2.7 show the solid radiocactive waste volumes and
activity distribution for the years 1983 through 1985 for waste
classes divided into low activity level, intermediate activity
level, alpha waste less than 10 nanocuries/gram and alpha waste
equal to or over 10 nanocuries/gram. Table 2.8 shows the
radioactivity trigger values for GCD type waste. If the
concentration limits are greater than the values listed in Table 2.8
the waste should go to a Greater Confinement Disposal facility.

Because of the particular activity distribution in SRP produced
waste, over 98% of the activity in the solid radioactive waste is
contained in 5% or less of the volume of waste. This calculation
can be made on a piece-by-piece basis for the SRP waste forms. The
present GCD trigger values are being used on a test basis only, for
demonstration purposes. When the demonstration phase is concluded,
the trigger values may be moved up or down, depending on the ability
to segregate the waste forms.
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TABLE 2.6 SOLID RADIOACTIVE WASTE VOLUMES, 1000 FT3

Combustible Waste

Burial Type
Code 1983 1984 1985
1 Low-Level Beta-Gamma 436 373 613
2 Int. Level Beta-Gamma 39 34 37
3 Alpha, < 10nCi/g 67 67 --
4 Alpha, drums, retr. 2 1 1
6 Alpha, culverts, retr. 2 2 5
Total Combustible 546 477 656

Non-Combustible Waste

Burial Type
Code 1983 1984 1985
1 Low-Level Beta-Gamma 238 300 342
2 Int. Level Beta-Gamma 116 93 93
3 Alpha, < 10nCi/g 46 60 --
4 Alpha, drums, retr. 5 7 2
6 Alpha, culverts, retr. 6 8 11
Total Non-Combustible 411 468 448
Total Volume 957 945 1104
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TABLE 2.7 SOLID RADIOACTIVE WASTE ACTIVITY, CURIES

Combustible Waste

Burial Type
Code 1983 1984 1985
1 Low-Level Beta-Gamma 110 2000 320
2 Int. Level Beta-Gamma 90 29000 7300
3 Alpha, < 10nCi/g <1 <1 -
4 Alpha, drums, retr. 18000 10000 200
6 Alpha, culverts, retr. 20 30 70
Total Combustible 18000 41000 7900

Non-Combustible Waste

Burial Type
Code 1983 1984 1985
1 Low-Level Beta-Gamma 16000 5400 20
2 Int. Level Beta-Gamma 85000 91000 44000
3 Alpha, < 10nCi/g 4 <1 --
4 Alpha, drums, retr. 75000 6600 27000
6 Alpha, culverts, retr. 1500 270 400
Total Non-Combustible 180000 103000 71000

Total Activity 198000 144000 79000



TABLE 2.8

RADIOACTIVITY CONCENTRATION CRITERIA FOR
GREATER CONFINEMENT DISPOSAL

(TEST DEMONSTRATION)

RADIONUCLIDE

H-3

Co-60

Sr-90

Cs-137

Fission Products
Induced Activity

Enriched Uranium

MicroCi/ccC

5x10~3

ci/FT3

0.06

2.8
1.1x1073
0.03
1.1x1073
0.03

1.4x104

DPST-85-862

NOTE: If the radionuclide concentration is greater than the
values listed in the above columns, the waste may go
to a Greater Confinement Disposal Facility.

Waste containing greater than 10 nCi/gm and less than
100 nCi/gm of alpha activity may be disposed of in a
Greater Confinement Disposal Facility.
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2.5 DESCRIPTION OF PRE-DISPOSAL TREATMENT

Pre-disposal treatment of waste is desirable for the operation
of a modern low-level waste storage/disposal facility. Volume
reduction in any form is beneficial because less land is required
for storage/disposal, and because volume reduction almost always
results in a more stable waste form. Waste forms that are not
stable tend to collapse with time, which causes the disposal area to
collapse in turn and would increase the water infiltration rate to
the waste if remedial action is not taken.

2.5.1 Waste Reduction

Waste reduction means reducing the volume of waste generated by
a facility by limiting the kind and amount of material that enters
the facility. Waste reduction requires a concerted and continual
effort of planning and education by supervisors for it to be
effective. Waste reduction can be accomplished in many ways, among
which are:

o Removing packing material and unnecessary containers from
equipment before the equipment or material is moved into a
regulated area (an area in which work with radioactive
material is performed).

o Re-use of laboratory clothing -- coats, gloves, shoe covers
-- if not contaminated.

o Recycling and reuse of laboratory materials and tools.

An example of waste reduction would be: When leaving a
regulated area, coats, shoe covers, and gloves are monitored with a
sensitive instrument. If no radioactivity is found, the articles
would be declared clean, and would not be disposed of in a container
designated for low-level radioactive waste disposal.

2.5.2 Volume Reduction
2.5.2.1 Incineration

Incineration of low-activity solid waste is a tested process of
volume reduction that can achieve volume reduction ratios of thirty
or forty to one, or morel®,

Incineration tests are underway at the Savannah River Plant for
solid low-level radioactive waste. Cardboard boxes filled with
low-activity waste are being burned in a demonstration incinerator.
A sketch of the process equipment is shown in Figure 2.12.



FIGURE 2.12 INCINERATOR PROCESS EQUIPMENT
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Waste boxes are x~rayed and assayed with a sensitive
gamma-spectrometer before being charged to the incinerator. Typical
solid waste components are shown in Table 2.9. The waste products
consist mostly of paper, plastic, rubber-like materials, and cloth.
Radiation from the boxes, under the present demonstration, has to be
less than 1 mr/hour at 3 inches. The feed limit used during the
demonstration is given in Table 2.10. The concentration limit in
microcuries per pound of waste is given for 22 radionuclides.

Typical operation of this pretreatment is described in the
following paragraphs.

Solid waste is transported to the incinerator facility in 21"
or 24" cubic waste cartons. Cartons are hand-monitored for
radiation when the cartons are unloaded into the facility lag
storage area. Cartons are examined for liquid and non-combustible
content with an X-ray inspection unit. Boxes are rejected and
returned to the generator if they are shown to contain liquids, or
metal or glass pieces greater than six inches in any dimension.

The cartons are weighed and assayed for radionuclide content
with a segmented gamma scanner system capable of measuring the low
limit values specified in Table 2.10. The feed limits shown in
Table 2.10 are for startup and test purposes only; they can be
raised as decontamination factors are determined for the entire
system.

If the cartons are accepted they are fed manually to the
incinerator. Feed rates will average about 80,000 cubic feet per
year. Short term rates are expected to be about 400 cartons per day,
but this rate could be increased with an increased rate of waste
inspection with the assay equipment.

Combustion is completed in a secondary chamber at 1000 to 1100
degrees Celcius in an excess air environment. An off-gas treatment
system provides for cooling, filtering, and monitoring of gaseous
effluents. Off-gases leave the last HEPA filter units at
temperatures above the dew point and are exhausted through a 65-foot
high stack. The gases are continuously monitored for radioactivity.
Releases should not exceed the atmospheric release guidelines
established for the chemical separation area (shown in Table 2.11).

Incineration facilities have to comply with the South Carolina
Department of Health and Environmental Control regulations
concerning chemical and particulate emissions to the environment.
Permits for construction and operation are required.

Incinerator ash is collected in drums or similar containers. In
the future, the ash may be wetted and immobilized with cement to
produce a solid waste form. This process can be mechanized and
controlled remotely.
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TABLE 2.9 SOLID WASTE COMPONENTS

Rubbers - Latex, Neoprene

Plastics - Polyethylene, PVC

Cellulosics - Paper, Cardboard, Cotton Fiber

Special Polymers - Teflon
*Standard Waste Mix - Cellulosics
Polyethylene
Latex
PVC
Moisture

Noncombustibles

*Represents the average composition of

40%
23%
19%
8%
5%
5%

a typical waste carton.
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TABLE 2.10 SOLID WASTE CONTAMINATION FEED CRITERIA

DOE 5480 Insoluble

Isotope Offgas Limit (uCi/Ft>) Feed Limit (uCi/lb)*++
90y 2.83 x 10~ 4.25
91y 8.50 x 1074 1.27
957¢ 8.50 x 10~% 1.27
9350 2.83 x 107> 4.25
1035, 2.27 x 10~° 3.40
106z, 1.70 x 1074 .255
134cq 2.83 x 1074 .925
1375, (Not Specified)** .925
14Gy, 1.13 x 107> 1.70
144¢q 1.70 x 1074 ,255
84 1.42 x 107 2.12
o (Not Specified)** 2.12
e 2.55 x 107 .382
32, 2.27 x 107 3.40
325 8.50 x 10 12.74
>%e 1.2 x 107 2.12
ler 5.66 x 1072 84.95
14bg, (Not Specified)** .225
137 2.83 x 107 425
10&Rh (Not Specified)** .255
8¢ 1.13 x 10~ 1.70
905: 1.42 x 107% .212

*Assumes no decontamination factor for the incinerator, baghouse, or HEPA
filters.

**Use parent-daughter isotopic relationship to establish feed limit i.e.
37cs-Ba, 9Co-fFe, etc.

*#+*Based on Stack effluent rate of 10,000 cfm.
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TABLE 2.11 DPSOP 40 - F/H ATMOSPHERIC RELEASE GUIDES

Incinerator DPSOP 40 F/H

Projected Release Atmospheric Releas=
Radionuclide (mCi/yr) Guide (mCi/yr)
Tritium 22,000 275,000,000
89,90sy 1.0 10
95zr 0.7 25
95Nb 2.2 75
103gry 1.8 100
106ry 0.1 300
134cg 0.2 0.5
137¢s 0.3 3
la4ce 0.1 30
58co 1.1 1.1
60co 0.2 0.2

Other 55.8 60




2-52 ’ DPST-85-862

2.5.2,2 Compaction

Compaction of low-activity waste is a feasible volume reduction
process that is currently in use in many countries and in power
reactor facilities in the U. S. Volume reduction ratios of two to
four to one can be accomplished. Compaction can take several forms:

o Baling of low-activity paper waste. The waste is placed in
a paper baler where the waste is compressed and strapped to
hold its shape.

o Drum compactors: Drum compaction units are readily
available. Bagged waste is placed in drums that are placed
in a special enclosure where a ram compacts the waste inside
of the drum. More bagged waste is placed in the drum until
a pre-determined height is reached. Anti-springback devices
are used to keep the last-placed waste in the drum.

Drum compactors are useful for small waste generators.
Because of their small volume (7.5 cubic feet), compaction
in drums is manpower intensive. Most waste generators opt
for larger compaction units.

o Box compactors: Box compactors are also available as
commercially built units. Boxes, usually with volumes of
about 100 cubic feet, are placed in a sealed enclosure. Air
in the enclosure is exhausted through HEPA filters. The
boxes are supported on all sides to prevent box rupture as
the waste is compacted in the box. A typical compactor has
a rectangular ram driven by two pistons that can exert
forces of 30 to 40 psi. Air is exhausted through holes in
the ram as the ram compresses the waste. The compaction
process is done slowly to prevent violent agitation of the
waste. After compaction, a gasketed 1id is placed on the
box.

o Super compactors: Super compactors are available for
drummed waste. Compaction ratios of seven to ten to one are
feasible. In typical use four or five or more drums of
waste can be compacted to fit into one drum. The outer drum
is filled with grout or another stabilizing matrix.

2.5.3 Waste S8tabilization

Waste packages or boxes for which incineration or compaction is
not feasible because of the components in the waste could be
stabilized to provide a solid waste package for disposal or storage.
If the waste is not stabilized the boxes can collapse at a future
date and can cause breaching of the waste confinement system.

A typical method of stabilizing metal boxes filled with waste
is to backfill the boxes with a thin grout mixture. One possible
method has been in use in France for many years. In this method the
box lids contain three ports. One port is fitted with a pipe which
extends to the bottom of the box through which the grout is
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injected. A second port is fitted with a level detector that
prevents overflow of the grout. The third port is connected to an
offgas filtering system. The ports have caps which are removed when
the box is placed in the grouting station. A specially designed
injection 1lid is placed over the ports; this 1lid is connected to
the level detector, the grout source, and the offgas system. After
injection the special 1id is removed, the port caps are replaced,
and the box is set aside for the grout to cure. This method has
been successful in forming solid waste forms that will not undergo
subsidence for long periods of time (estimated to be in excess of
300 years).

Bitumen has also been used as a stabilizing matrix; however, it
is subject to combustion and softening when warm, and is not a
preferred choice for stabilization of waste forms.

2.5.4 Waste Encapsulation

Waste encapsulation means enclosing waste forms that are
externally contaminated in containers that can be transported,
handled with cranes or other equipment, and emplaced in the disposal
facility without contaminating the facility or the workers.

Some waste forms produced at Savannah River are presently
disposed of in the externally contaminated state. These forms are
jumpers used in the canyon buildings, reactor scrap metal, and spent
melts from the tritium facility. Containerization of these
particular waste forms is a difficult task that is still being
developed.

Possible concepts for containerization are:

0 Jumpers: Present method of disposal is to wrap the metal
jumpers in canvas in the generator area, deliver the wrapped
jumpers to the burial ground in a covered box; the box is
set on a trench ledge, the jumpers removed and lowered to
the trench bottom, and the box is returned to the generator.
A possible scenario for containerization is: cut the
jumpers into small pieces, place the pieces in drums or
boxes, stabilize the drums or boxes with a cement-based
grout, and deliver to the disposal area in a shielding bell.
The drum or box containing the jumper pieces could then be
lowered inside the shielding bell into a disposal unit.

o Reactor scrap metal: About 300 deliveries of contaminated
reactor scrap metal are made each year. Scrap metal is
presently dropped into the bottom of an earthen trench from
a shielded scrap cask. The metal pieces are then covered
with soil to provide shielding. A possible scenario for
containerization is: The small metal pieces -- gripper
knobs, retaining rings, flow splitters and the like, are
placed in a special container and raised inside of a special
shielded section of the disassembly area of the reactor
building. Some of the areas already have a shielded section
called the "slug inspection station" or the old "control rod
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breaking station." The long pieces of metal scrap -- tubes,
rods, etc. -~ are also delivered to this section where they
are cut into small relatively uniform-length pieces. The
pieces are placed in the special container and stabilized
with grout. The container is then raised through a hole in
the roof into a shielding bell and delivered to the disposal
area.

Spent melt crucibles: These waste containers, which are
also externally contaminated, contain tritium waste forms.
The present method of disposal is to deliver the waste forms
to a trench inside of a shielded cask. The cask is inverted
over the trench and the waste form is dropped to the bottom
of the trench and covered with soil to provide shielding. A
possible scenario for containerization is: One or more
tritium waste forms are placed in a disposable sealed box,
which is delivered to the disposal area on a flatbed truck
that is provided with a permanent shield for the boxed waste
form. The box is removed from the truck with a shielded
crane and placed into the disposal facility.
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2.6 WASTE STORAGE/DISPOSAL OPERATIONAL ALTERNATIVES

This section describes the operational alternatives for storage
or disposal of solid low-level radioactive waste at the Savannah
River Plant. The facilities that could be used singly or in
combination for the different alternatives are described in Section
2.1 The seven alternatives addressed in this section are:

ALTERNATIVE 13 CONTINUE PRESENT OPERATION AT NEW SITE
ALTERNATIVE 2: NEAR SURFACE DISPOSAL WITH EXCEPTIONS
ALTERNATIVE 3: COMBINATION OF FACILITIES

ALTERNATIVE 4: ENGINEERED STORAGE OF ALL WASTE
ALTERNATIVE 5: ENGINEERED DISPOSAL OF ALL WASTE
ALTERNATIVE 6<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>