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RCRA CLOSURE OF EIGHT LAND-BASED UNITS AT THE Y-12 PLANT

J. E. Stone
S. H. Welch

Environmental Management Department
Oak Ridge Y-12 Plant

Martin Marietta Energy Systems, Inc.

SUMMARY

Eight land-based hazardous waste management units at the Oak Ridge Y-12
Plant are being closed under an integrated multi-year program. Closure
plans for the units have been submitted and are in various stages of
revision and regulatory review. These units will be closed by various
combinations of methods, including liquid removal and treatment, sludge
stabilization, contaminated sludge and/or soil removal, and capping.

The closure of these sites will be funded by a new Department of Energy
budget category, the Environmental Restoration Budget Category (ERBC), which
is intended to provide greater flexibility in the response to closure and
remedial activities.

A major project, Closure and Post-Closure Activities (CAPCA), has been
identified for ERBC funding to close and remediate the land units in
accordance with RCRA requirements. Establishing the scope of this program
has required the development of a detailed set of assumptions and a
confirmation program for each assumption. Other significant activities in
the CAPCA program include the development of risk assessments and the
preparation of an integrated schedule.

GENERAL DESCRIPTION OF THE Y-12 PLANT

Past and Present Missions
The Oak Ridge Y-12 Plant was built by the U.S. Army Corps of Engineers

in 1943 as part of the Manhattan Project. The original mission of the Plant
was to separate the fissionable isotope of uranium (U-235) by the
electromagnetic process.

After World War II, the electromagnetic separation process was
discontinued in favor of the more economical gaseous diffusion process.

Since its early years, the Plant has developed into a highly
sophisticated manufacturing and developmental engineering organization. The
Plant occupies approximately 800 acres and is located immediately adjacent
to the city of Oak Ridge. The total work force consists of approximately
7,200 persons, including employees of the Oak Ridge National Laboratories
(ORNL).

The Plant has four principal missions: (1) producing nuclear weapons
components and supporting the Department of Energy's weapons design
laboratories; (2) processing source and special nuclear materials: (3)
producing support to other DOE installations; and (4) providing support to
other government agencies.



Defense Responsibilities
Current, Y-12 is involved in producing components for the various

nuclear weapon systems in the nation's defense arsenal. A portion of this
effort involves the conversion of U-235 compounds to metal and
theappropriate casting, rolling, and machining operations required to
produce a finished produce.

HAZARDOUS WASTES AT THE Y-12 PLANT

Hazardous wastes of various types are generated at the Y-12 Plant as
part of, or incidental to, main production processes at the plant. These
wastes have been stored, treated, and disposed at a number of individual
units on the Y-12 Plant site, including container and tank storage areas,
wastewater treatment plants, landfills, land treatment units, and surface
impoundments. Of these units, some are to be closed rather than permitted.
Closure plans have been submitted for these facilities. The remainder of
this article will focus on Y-12's eight land units - surface impoundments,
landfills, and a land treatment
unit - that are being closed under the Resource Conservation and Recovery
Act (RCRA). Closure of all these units is required by statute to be
initiated by November 1988.

RCRA LAND UNITS AT Y-12
S-3 PONDS
Description

The S-3 Ponds are located adjacent to the west end of the Y-12 Plant
(see Figure 1) at the topographic divide separating the headwaters of Bear
Creek to the west from the headwaters of East Fork Poplar Creek to the east.
The ponds, located in the Bear Creek Valley Waste Disposal Area, are four
unlined impoundments covering an area ofroughly 400 feet by 400 feet. They
are approximately 17 feet deep and contain from 2 to 5 feet of sludge each.
Each pond has a capacity of 2.5 million gallons. The ponds were designed to
maximize rates of evaporation and percolation.

The S-3 Ponds were built in 1951 as a disposal site for liquid wastes.
In the 1950s, uranyl nitrate solutions containing trace amounts of
transuranics and other fission products were placed in the ponds. At later
dates, depleted uranium in nitric acid solutions, raffinate, and condensate
containing technetium and transuranics, as well as small lots of
miscellaneous solid materials, were added. The inventory list includes
dilute acids, machine coolants, caustic solutions, biodenitrification
sludges, and concentrated aciHs with a pH of less than 2.0.

The volume of wastes was significantly reduced when the nitric acid
recovery system became operational in 1976. In 1983, the quantity of liquid
wastes entering the ponds was about 2.7 million gallons. Discharge into the
ponds terminated in March 1984.
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Treatment of Impoundment Contents
Treatment of water in the S-3 Ponds began in 1983 and continued until

the spring of 1986. Between May and November 1983, all four ponds were
neutralized. During that time, biodenitrification was started and continued
through September 1984.

After denitrification, the pond contents were allowed to settle, and
the supernatant was pumped to the S-3 Ponds Liquid Treatment Facility for
removal of trace metals and organics. The treated
effluent was discharged to East Fork Poplar Creek starting in the summer of
1985 and completed in the spring of 1986 under an NPDES permit.

Closure
The closure program will begin by treating any residual water collected

in the ponds, if required. Contaminated stream sediments in the vicinity of
the S-3 Ponds will be excavated and deposited in the ponds. Bottom sludges
and sediment will then be stabilized with rock to provide a firm base for
the placement of an engineered cap and a parking lot.

A typical cross section of the cap, which is being designed in
accordance with current EPA guidance documents, is shown in Figure 2. Two
feet of compacted clay will rest above the dike soils which will have been
graded in to create an even surface. Cover clay materials will be selected
to produce a permeability of equal to or less than the permeability of the
natural subsoils. A flexible membrane liner 30 mils in thickness will be
placed continuously above the clay layer. A drainage net layer will be
installed above the membrane, followed by a geotextile filter fabric to
reduce the likelihood of fine silts and clays clogging the drainage net. A
1.5 foot-thick layer of topsoil will be placed above the drainage layer. A
five inch layer of crushed stone with three inches of asphalt concrete will
complete the cap.

As of July 1988, the contaminated stream sediments have been deposited
in the ponds. The ponds have been stabilized and the dike material has been
placed over the stabilized sludge. The site is being contoured and the
construction of the engineered multi-layered cap will be initiated in the
near future.

BEAR CREEK BURIAL GROUNDS
Description

The Bear Creek Burial Grounds are located on the southwest flank of
Pine Ridge approximately 1.5 miles west of the Y-12 Plant in the Bear Creek
Valley. This facility consists of several contiguous disposal sites
identified as Burial Grounds A, B, C, D, E, and J (see Figure 3). Each
burial site consists of a series of trenches used for disposal of solid
wastes and in some cases liquid wastes. The bottom
of the trenches is reported to be a maximum of 20 feet below the original
grade.
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Figure 2. Components of Engineered Cap for S-3 Ponds
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The first disposal trench, located in Burial Ground A, was excavated in
August 1955 for the disposal of solid wastes. In July 1959, the Y-12 Plant
was authorized by the Atomic Energy Commission to begin using this facility
for the disposal of certain types of liquid wastes. Since that time,
several types of wastes have been disposed of in the various burial ground
areas including the following (not listed in order of generated volume):

o ferrous metals and uranium
o oils and coolants
o salts
o debris
o solvents
o asbestos
o material contaminated with radioisotopes
o mop water

The actual quantity and identity of materials is uncertain, and other
materials may have been disposed of that are not listed in any inventory.
The largest volume of material disposed in BCBG consists of uranium-
contaminated industrial trash (paper, wood, steel, glass, and rubble).

Burial Ground A was also used for the disposal of mop waters, oils, and
coolants, which were placed, along with solid wastes, into
unlined trenches. In 1970, leakage was observed from the ends of the
trenches. To collect oils seeping into surface streams, Oil Retention Ponds
1 and 2 were constructed at the southwestern and northeastern corners of
Burial Ground A.

Burial Ground B was opened in 1962 for the disposal of depleted uranium
metal and oxides. Burial Ground C was opened in 1962 for the disposal of
beryllium, beryllium oxide, thorium, and solid waste contaminated with these
materials; materials contaminated with enriched uranium also were disposed
of in Burial Ground C, Burial Ground D was used after 1968 for the disposal
of depleted uranium metals and oxides after Burial Ground B had reached
capacity. The Walk-In Pits were used for the disposal of uranium saw fines
and small laboratory quantities of acids, bases, and unstable organics.

Closure
Closure of Bear Creek Burial Grounds will consist of placement of an

engineered cap over the disposal areas. The proposed cap is made up of two
feet of compacted clay followed by a drainage net layer with a geotextile
filter fabric. A 1-5 foot thick layer of topsoil will complete the cap. A
typical cross-section of the multi-layered engineered cap is shown in Figure
4. Closure of the Walk-In Pits presents technical uncertainties and safety
concerns that must be addressed.

As of July 1988, the 90% design package has been submitted to the
Tennessee Department of Health and Environment (TDHE). The construction of
the engineered multi-layered cap will be begin in the near future.
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OIL RETENTION PONDS
Description

Oil Retention Pond No. 1 was constructed in May 1971 at the southwest
corner of Burial Ground A to collect and contain oils leached into a
surface stream flowing along the west boundary of Burial Ground A. A
diversion ditch has also been constructed to divert surface water away froi
the pond, thereby minimizing the volume of water flowing into and through
the pond and the chances of pond overflow. In May 1972, a smaller pond (0
Retention Pond No. 2) was constructed at thenortheast corner of Burial
Ground A to collect and contain the oils observed seeping into an
intermittent stream along the east side of Burial Ground A. Locations of
the Oil Retention Ponds are shown in Figure 3.

The Oil Retention Ponds are operated as gravity separators which
provide for collection of the oils while allowing the water to be released
through an inverted pipe through the dike. In 1974 and 1975, approximately
15,000 gallons of oil were skimmed and removed from the surfaces of both
ponds for disposal on the Oil Landfarm. In early 1975, approximately 5,001
gallons of oil accumulation were sprayed onto nearby trees infested with
pine beetles. No significant accumulation of oil has occurred on the
surface of Pond No. 2 since 1975. An additional 18,000 gallons of oil wen
removed from Pond No. 1 in 1979 and stored in the Garage Underground Tanks
(S-019).

The pond water, oils floating on the surface, and sediments are
contaminated with polychlorinated biphenyls (PCB). The Oil Retention Pond;
effectively serve to collect oils that seeped from the trenches, thereby
reducing the contamination of adjacent streams.

Closure
Final closure of the Oil Retention Ponds Nos. 1 and 2 will begin by

intercepting seepage of contaminated leachate entering the ponds. Liquids
from the pond will be removed and treated prior to discharge through a NPDE
monitoring system. The bulk of contaminated soils will be removed and
stored pending treatment in the RCRA/TSCA Incinerator at the Oak Ridge
Gaseous Diffusion Plant (ORGDP). A proposed multi-layer cap, like that
described for Bear Creek Burial Grounds, will then be installed to isolate
residual contaminants in the soil from the surface environment. This cap
will also minimize the release of contaminants into the groundwater.

As of July 1988, the water pilot treatment studies have been completed
The design of seep collection system and contaminated soils storage facilit
is in progress.

OIL LANDFARM
Description

The Oil Landfarm Area is located approximately one mile west of the Y-
12 Plant in the Bear Creek Valley Waste Disposal Area (see
Figure 1).

The Oil Landfarm Area collectively refers to five waste disposal units
the Oil Landfarm disposal plots, the Boneyard, the Burnyard. the Sanitary
Landfill, and the Chemical Storage Area (also referred to as the Hazardous
Chemical Disposal Area). These units are shown in Figure 5. Only two of
these, the Oil Landfarm and the Chemical Storage Area, are RCRA units.



Oil Landfarm. The Oil Landfarm disposal plots were operated from 1973
to 1982. As part of an EPA-approved research project, the facility was used
for the biological degradation of approximately one million gallons of
waste oil and machine coolants via land farming, a process involving the
application of waste oils and coolants to nutrient-adjusted soil during the
dry months of the year (April to October). After application, the plots
were cultivated frequently to maintain aerobic conditions to enhance
biodegration of the wastes.
Waste was not applied immediately before or after periods of precipitation.

Before 1979, waste oils and coolants were not specifically analyzed for
contaminants before application to the Oil Landfarm. In 1979, analytical
results for oil samples collected from the surface of one of the ponds in
the Burial Grounds indicated the presence of PCBs. Thereafter, oils were
analyzed for uranium, beryllium, thorium, and PCBs. A maximum permissible
concentration level of 5 milligrams per liter (mg/1) was established by the
Y-12 Plant for PCBs in waste oils to be land farmed. Oils containing
greater than 5 mg/1 of PCBs were shipped for commercial disposal if uranium
concentrations were less than permissible limits established for release to
the public. If uranium concentrations were greater than permissible limits
established for release to the public, waste oils containing greater than 5
mg/1 of PCBs were placed in storage for future incineration at the ORGDP
TSCA Incinerator.

In December 1981, the analyses of wastes were expanded to included
chlorinated hydrocarbons. A maximum permissible concentration of 3 percent
was established for concentrations of chlorinated solvents in the waste
oils. Experience that has been gained since 1981 in sampling and analysis
of waste oils for chlorinated solvents has shown that waste oils contain
concentrations of less than 3 percent chlorinated hydrocarbons.

Chemical Storage Area. The Chemical Storage Area received solid,
liquid, and gaseous waste materials from 1975 to 1981. It is estimated that
during this period, less than five tons of waste per year were delivered to
the area. The material was broadly characterized as ignitable, reactive,
corrosive, toxic, highly flammable, or in some instances, inert. The
chemicals were sorted according to their hazards. Known toxic materials not
posing a safety hazard when treated or otherwise handled were taken to other
disposal facilities.

Generally, the Chemical Storage Area treated waste which posed safety
hazards within the Y-12 Plant. The material came from two sources: gas
cylinders with leaking or damaged valves and lab chemicals considered to be
reactive or explosive. Gas cylinders containing noncorrosive gases were
allowed to leak into the atmosphere Figure 5 or were bled off to expedite
the process. Those containing corrosive gases were bled through
neutralizing slurries. Empty gas cylinders then were either destroyed and
removed or transported to another location for repair. The lab chemicals
included acids, bases, organics, water-reactive compounds, and explosive
compounds such as picric acid, benzoyl peroxide, and ether. Bottled
chemicals were broken under water spray in a concrete vessel open to the
atmosphere. After the explosion or chemical reaction had taken place, the
effluent was discharged into a small uniined surface impoundment and
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allowed to percolate through the soil. The chemical residue remaining in
the concrete vessel was removed periodically and transported to the Bear
Creek Burial Grounds.

Closure
Soils contaminated with PCB in excess of 25 ppm will be excavated from

the landfarm plots and stored in a vault pending treatment in the RCRA/TSCA
Incinerator at ORGDP. The plots and the Chemical Storage Area will then be
closed as a landfill by covering them with a proposed multilayered cap like
that described for the Bear Creek Burial Grounds. The 90% design
package was submitted to the Tennessee Department of Health and Environment
in July 1988. The construction of the soils vault and engineered multi-
layered cap for the Chemical Storage Area will begin in late 1988.

NEW HOPE POND
Description

New Hope Pond (NHP) is an unlined, man-made pond constructed at the
Y-12 Plant in 1962. The surface area and the volume of the pond are 5,2
acres and 1,232,000 ft3, respectively. NHP is located near the eastern
boundary of the Y-12 Plant and receives flow from the Upper East Fork Poplar
Creek (UEFPC). Flow in the creek is composed primarily of surface runoff,
but has included process wastewater discharges. Flow enters the pond
through a distribution ditch from which it is directed through any of nine
discharge drains. Flow can also be routed through an oil skimming basin,
located adjacent to NHP. Pond discharge is to East Fork Poplar Creek
(Figure 6).

NHP serves to remove suspended sediments from the creek prior to
discharge from the Y-12 Plant and originally also served to moderate pH
fluctuations. Discharge from the pond is controlled by an NPDES permit.

In 1984, a bypass ditch was constructed around NHP (Figure 6 ) . This
ditch allows UEFPC flows to be diverted around NHP and will facilitate
removal of sediments from the pond.

NHP was dredged in 1973 to remove sediment accumulations. The dredged
sediments were placed in the Chestnut Ridge Sediment Disposal Basin (CRSDB),
which is located on Chestnut Ridge above NHP (Figure 7). A replacement
facility for New Hope Pond will be constructed on a site north of the
existing NHP. The main structures for the NHP replacement facility will
consist of an upgraded distribution/diversion ditch with a concrete lining,
an oil skimmer and a new basin with a flexible membrane liner. The new
basin is approximately 2.3 acres in size. Since 1973, sediments have been
removed several times from the pond Figure 6 inlet diversion ditch and
placed in the disposal basin.

Closure
Current plans call for in-place closure of NHP. Liquids will be

removed and treated if required, and sludges/sediments will be stabilized.
A multi-layer cap will then be installed.

As of July 1988, the upgrading of the distribution/diversion channel
has been partially completed. The construction of the replacement facility
for NHP is in progress and will be completed in November 1988.

12
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CHESTNUT RIDGE SEDIMENT DISPOSAL BASIN
Description

The Chestnut Ridge Sediment Disposal Basin (CRSDB) is an unlined, man-
made surface impoundment constructed on Chestnut Ridge, south of NHP (see
Figure 7); it was designed to hold approximately 30,000 cubic yards of
sediments. The CRSDB was constructed during 1972-1973 for the disposal of
sediments removed from NHP. The impoundment was first used in 1973 for the
disposal of sediments hydraulically dredged from NHP. Since that time, the
basin has been used periodically for disposal of sediments excavated from
NHP and its appurtenant structures and the disposal of approximately 7000
cubic yards of mercur/ contaminated soil.

Closure
Closure of CRSDB will consist of stabilization of sediments, if

necessary, and installation of a multi-layer cap.
The construction of the engineered multi-layered cap has begun with the

placement of clean fill soil over the site during June and -July 1988.

CHESTNUT RIDGE SECURITY PITS
Description

The Chestnut Ridge Security Pits (CRSP) consist of waste disposal
trenches located south of the main Y-12 Plant area on Chestnut Ridge south
of Buildings 9201-1 and 9204-1, as shown on Figure 8. Trenches are located
in two adjacent areas.

The eastern trench area has three separate disposal trenches,
designated as Nos. 1, 2, and 3, that were used sequentially from 1973 until
1982. Associated with these three trenches were six auger holes, each
approximately 2 feet in diameter by 10 feet deep, which were used for the
disposal of various waste materials, including powder mixtures.

The western area has one inactive trench (No. 5), two active trenches
(Nos. 4 and 6), and space for a future trench (No. 7). Each trench is 14
feet wide at the top and 15 to 18 feet deep. The design plan for these
trenches is shown in Figure 9. Hazardous waste disposal in the CRSP was
stopped in December 1984; however, the CRSP will continue to be used for
disposal of nonhazardous classified waste until late 1988, when a new
classified waste storage facilities are scheduled to be completed.

Closure
The CRSP will be closed by installing a multi-layer cap like that

described for the Bear Creek Burial Grounds.
The 90% design package has been submitted to the Tennessee Department

of Health and Environment.

KERR HOLLOW QUARRY
Description

The Kerr Hollow Quarry (KHQ) site was leased in the 1940s to the Ralph
Rogers Company, Inc. to provide rock and gravel for construction needs on
the Oak Ridge site. Sometime during the 1940s, quarry operations breached
an underground water source, the quarry filled with water, and the site was
abandoned.

15
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FIGURE 9. Design Plan for Chestnut Ridge Security Pits - Western Area.



Sometime prior to 1951, the Y-12 Plant and the Oak Ridge National
Laboratory (ORNL) started using KHQ for the treatment of certain potentially
explosive chemicals or water reactive metals accumulated by DOE facilities
in the Oak Ridge area. Certain gas cylinders having frozen or leaky valves
and containing an unknown quantity of gas are vented at the quarry also.
The facility is used for the emergency handling of these materials when
personnel safety is the primary concern.

Water-reactive metals are treated by reacting the metal with the water
in the quarry under controlled conditions, rendering the metal non-hazardous
and removing the possibility of future reactivity.

Gas cylinders are vented by placing the cylinder on the bank of the
quarry and puncturing the cylinder wall with rifle fire by trained security
guards. Once vented, the empty cylinders are removed from the area and
returned to the Y-12 Plant for proper disposal.

Potentially explosive chemicals are delivered to the quarry in
specially packed containers to minimize shock and possible detonation in
transit. The containers are suspended over the water surface and punctured
with rifle fire by trained security guards.

Surface water discharges from KHQ are subject to a National Pollutant
Discharge Elimination System (NPDES) permit.

Closure
In accordance with a state of Tennessee (TDHE) request under the

Tennessee Water Quality Control Act disposal operations at KHQ will cease by
early November 1988, and the quarry will be closed in a manner adequate to
meet water quality standards. Closure of KHQ will be comparable to clean
closure under the TDHE Hazardous Waste Management Rules. No unreacted
materials or explosive compounds will be left in KHQ.

In November 1987, a remote underwater vehicle equipped with a camera
was used to survey the bottom of the quarry. From review of the videotapes,
most of the drums accessible to the camera appeared to be empty of any
residual reactive or explosive materials. Some records of past disposals
show that in addition to the containers observed in the videotapes, numerous
large steel vessels of reactive metals were treated and left in KHQ.
Additional video surveys will be nv?de of the KHQ to locate the large
vessels. These surveys will be done during the spring and early summer
months of 1989.

To assure that the large vessels on the quarry's bottom are empty, a
remote method of breaching suspect containers will be used to confirm that
no reactive or explosive wastes remain. The remote method of breaching will
consist of placing explosive charge(s) on the drums or steel vessels,
detonation of the charge(s), and viewing the ruptured vessels by a remote
controlled camera. After the breached containers
are inspected and appear empty, then the containers will be moved to a
section of the KHQ reserved for empty, inspected containers. All containers
that cannot be visually confirmed (by video) as empty will be handled by the
above procedure. The inspection, breaching, and moving of the containers in
KHQ will be done during the summer months of 1989.

In accordance with TDHE and EPA regulations, the empty steel vessels or
containers remaining in KHQ are not hazardous waste (see Federal Register,
Vol. 52, page 26012, July 10, 1987) and have not been, nor are expected to
be, detrimental to the water quality of the quarry waters. During the final
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container inspection operation, additional video pictures and acoustic
mapping will be made of the quarry bottom to assure that only empty
containers remain on the quarry bottom with grid coordinates determined for
the empty containers. When the videotapes are reviewed by the Y-12 Plant
and TDHE personnel and there is agreement that clean closure had been
obtained, the appropriate closure certification papers will be submitted to
the state of Tennessee.

As of July 1988, the closure plan is being reviewed by the TDHE and
will have the public comment period during the third quarter of 1988.

ENVIRONMENTAL RESTORATION BUDGET CATEGORY (ERBC)

The statutory requirement to begin closure of the above eight land-
based waste management units by November 1988 presented some unique problems
for Y-12 as a federal facility. Any one of the individual closures is
projected to cost in excess of $1.2 million and to require construction of
facilities which are considered capitalizable. This requires Line Item
funding, which has a planning cycle of at least three years prior to receipt
of capital funds (see Figure 10). Further, to justify capital funds, the
technical scope and cost estimate must be known in sufficient detail to
independently validate the project approximately two years prior to receipt
of capital funds. Meanwhile, the technical scope will not be known with
certainty until the Tennessee Department of Health and Environment (TDHE)
and the Environmental Protection Agency (EPA) approve a closure plan.
However, as soon as the closure plan is approved, Y-12 would be expected to
commence closure within 90 days. The dilemma caused by these conflicting
constraints is illustrated in Figure 11.

Similar situations at federal facilities throughout the nation caused
the Department of Energy (DOE) to establish a new source of funding for
Defense Programs environmental restoration activities, known as the
Environmental Restoration Budget Category (ERBC). The characteristics of
the ERBC are shown in Table 1.

The ERBC solves many of the timing problems previously described.
However, because many DOE facilities have old waste disposal sites, the
competition for the ERBC funds is intense. A nationwide prioritization
is being done based on degree of environmental hazard and regulatory
constraints. An order-of-magnitude or "ballpark" estimate must be developed
as soon as possible to get a site into the priority queue.

RCRA CLOSURES AND POST-CLOSURE ACTIVITIES (CAPCA) PROJECT
The eight land-based waste management units subject to the statutory

requirement for beginning closure by November 1988, along with the post-
closure activities associated with those units, have been grouped together
for project management effectiveness and are called CAPCA. These are the
highest priority closures at Y-12 both from an environmental hazards
standpoint (several of the sites have caused groundwater contamination) and
due to regulatory constraint (November 1988 start date).

The timing constraints both from the regulatory statue and the need to
expeditiously enter the funding priority queue precluded the normal RI/FS
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(Remedial Investigation/Feasibility Study) process. The CAPCA project scope
and subsequent estimate was determined by a series of meetings between
Environmental Management and Engineering personnel as illustrated in
Table 2.

It is obvious that from a logical project development viewpoint, the
process was backwards. It would certainly be preferable to gather all data,
analyze it, and perform pathways analyses and risk assessments prior to
selecting a design concept. Some amount of risk is being taken in
proceeding with a designed concept in parallel with data analysis and
environmental risk assessment. The risk, of course, will be less if the
project proceeds through design and into construction before all
confirmatory studies are complete. A partial list of confirmatory studies
is shown in .

The Comparative Cap Design Analysis involved evaluating different
design variations of multi-layer soil caps using the HELP computer model,
which has been accepted by EPA and TDHE for use in predicting infiltration
rates through caps.

The soil or sludge quantity verification merely provides the sufficient
data to determine soils or sludge requiring excavation. The design concept
is currently based on limited information.

Three of the land units will have sludge structurally stabilized in
place prior to cap emplacement. Structural stabilization will be
accomplished by placing limestone rock into the sludges.

Finally, as input to the closure plans and as a basis for annual
funding requests, schedules for project activities were developed.
Schedules could not be developed independently for each of the eight sites.
The sites are in relatively close proximity; will use two common areas for
borrow soil; and will use the same road systems for hauling soil, rock, and
other materials. Once soil, and other commodity quantities were estimated
for each site's engineered closure concept, traffic studies were conducted
to determine the logistic constraints on the physical movement of materials.
The schedules(shown in Figure 12) were constrained to start all closures by
November 1988; however, they may be limited by the availability of funds
through the priority ERBC system.

A Remedial Action Program Description (RAPD) document has been
prepared to describe the technical scope, cost estimate, and schedule for
the eight RCRA closures and their post-closure activities. The RAPD also
details the assumptions made in developing the design concepts and outline
the confirmatory studies to verify the assumptions. Several other
environmental remedial measures, including some
decontamination/decommissioning needs have been identified as future ERBC
projects and will be handled in a similar manner.
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Figure 10. Typical Line Item Funding Cycle
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Figure n. Closure Plan Requirements vs
Actual Receipt in Typical Funding Cycle
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Table 1
EREC Characteristics

o Funds may be used for both capital and non-capital expenditures

o Funds may be requested without firm technical scope or detailed cost
estimate

o Once funds are assigned to a DOE field office, they may be reallocated
among approved projects
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Table 2
CAPCA Scoping Study Meeting

Step 1: Extent of environmental problem discussed

Step 2: Closure plan reviewed

Step 3: Assumptions made for missing data or studies

Step 4: Engineered solution developed consistent with Steps 1
through 3

Step 5: Confirmation program established to verify assumption in
Step 3

Step 6: Risk assessments performed to ensure that proposed fixes
provide the benefit expected
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Table 3
Examples of Confirmatory Studies

1. Cap Demonstration Facility
2. Verifying Quantities of Contaminated Soils and Sludges
3. Alternate Sludge Stabilization Technique
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COSTS AND SCHEDULE FOR A 58 ACRE RCRA INTERIM STATUS
MIXED WASTE CLOSURE AT THE SAVANNAH RIVER PLANT

PHILIP N. BRANDT
DEPARTMENT OF ENERGY - SAVANNAH RIVER PLANT

P. 0. BOX A
AIKEN, SC 29802

Abstract

The South Carolina Department of Health and Environmental
Control (SCDHEC), approved an interim status closure of a 58
acre mixed waste site. Hazardous wastes with the greatest

potential for groundwater impact are lead and cadmium. Venture
Guidance Appraisal (VGA) estimates to complete the project

totalled $55.5 million. Estimated time to complete the project
is three years. Major work elements of the closure include: (1)

precompaction of existing site to minimize subsidence, (2)
backfill and compaction to bring to subgrade, (3) construction of
a three foot clay cap with a permeability of I x 1O~7 cm/sec, (4)
construction of a two foot vegetative layer, and (5) development

of a cap drainage and erosion control system.

BACKGROUND

The Mixed Waste Management Facility (MWMF) is a site delineated from
within the Savannah River (SR) low-level radioactive burial ground,
643-7G. The latter site is located between the F- and H-Area Chemical
Separations Areas in an area that originally encompassed approximately
120 acres. Due to Resource Conservation and Recovery Act (RCRA)
regulations, a portion of the site, 58 acres, was designated as the Mixed
Waste Management Facility, 643-28G. This delineation was made based on
the fact that a negative determination could not be made as to whether the
area had received hazardous waste as defined under RCRA. A RCRA Part B
permit and closure plan were submitted to the South Carolina Department
of Health and Environmental Control (SCDHEC) and the Environmental
Protection Agency (EPA). After several amendments the closure plan was
approved in December, 1988 under interim status regulations. Thirty eight
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Point-of-Compliance wells have been installed around the perimeter of the
643-7G and 643-28 complex. The water table within the complex is
55'-75' below the ground surface and fluctuates 2"-3* during normal
rainfall years and a maximum of 5' during drought years.

Waste disposed included job control waste in cardboard boxes and plastic
bags, contaminated soil and construction debris, failed equipment, spent
air filters, spent Li-Al targets, irradiated scrap metal, naval reactor
hardware, lead shielding, waste oil, scintillation fluids, cadmium and
silver coated berl saddles. Waste disposal operations were divided into
two categories based on radiation levels (low-activity <3OO mrem/hr and
intermediate-activity >300 mrem/hr at 3" from an unshielded container).

From 1972 until 1986 waste was disposed of in burial trenches 20 feet
wide by 20 feet deep with a variable length. A trench would be excavated
its entire length and burial of waste would proceed from one end to the
other. Trench backfilling requirements included placing clean soil over the
final four feet of trench depth. Each trench was separated from adjacent
trenches by a minimum of ten feet of undisturbed soil.

Beginning in 1983 waste was containerized in metal boxes constructed of
14-gauge carbon steel boxes that held approximately 100 cubic feet of
waste. Building debris, soil, and other bulky material that did not f i t into
the standard containers continued to be dumped without containment.
Initially, the standard boxes were dumped randomly into the twenty foot
wide trenches. Beginning in 1985, space efficient engineered trenches
were employed where unloading from trucks was conducted in the trench
and the boxes stacked in a layered four tiered array. The initial engineered
low-level trench (ELLT) was 134" x 500" x 22" deep and is included in the
MWMF closure. As with the trenches, the standard boxes were covered
with four feet of clean soil. Radiation levels for disposed boxes were low.
Of the waste sent to the ELLT over a six month period, 50% was <1mR/hr,
and 97% was <10mr/hr. Higher activity waste such as failed equipment,
tritium crucibles, and reactor scrap was segregated from the low activity
waste and disposed of in separate trenches to maximize site specific
attributes for minimizing radionuclide migration. Some of these sites
contained used oil, lead shielding, and cadmium and are included in the
MWMF.

The exact inventory of the principle hazardous waste materials (lead and
cadmium) disposed is unknown. For the purpose of the closure plan,
volumes of hazardous wastes were based on very conservative estimates
of SR inventory for thirty years of operation and were considered as an
upper level limit. These upper limit values were used as inputs into
models used to assess the performance of the closure plan. Maximum

29



MAJOR WORK ELEMENTS

01 smant 1 i ng/Remova 1
Element includes removal of railroad tracks, fencing,
electrical/lighting with an RZ Class 1 allowance of $60,500.

Subtotal Estimate - $269,700

5i Clearing/Pad Prep for Clay Test Caps
Element includes general grading/site clearing and siltation control
for 14 acres and installation of 9 clay test caps

Subtotal Estimate - $23,500

Support Facilities
Element includes installing support facilities, process/domestic
water, temporary construction facilities, and irrigation system

Subtotal Estimate « $752,100

Borrow Pit Development
Element includes clearing/grubbing approximately 150 acres,
construction of permanent sedimentation basins, construction of
access/security roads, installation of fencing and initial f i l l estimated
at 898,000 cy. Included in the estimate is an RZ Class 1 allowance of
$693,000 and engineering allowance of $278,000 (5%)

Subtotal Estimate - $5,967,000

Burial Trench Development
Element includes dynamic compaction of 20" x 20' trenches and static
surcharging of engineered low-level trench (134" x 500' x 22').
Approximately 80% of the total trench area received non-containerized
waste, 158 received randomly dumped containerized waste, and 55?
stacked, containerized waste. Approximately 95% of the trench area
(32 acres) wil l undergo dynamic compaction and 5% wil l be statically
loaded (2 acres). Dynamic compaction consists of dropping a known
weight from a specified height onto the waste trenches to reduce
void space and induce subsidence. A test program is underway using a
6-ton, 13-ton, and 20-ton weights dropped from 10, 20, and 40 foot
heights to resolve uncertainties in the cost estimate. Static
surcharging consists of loading the surface area over the engineered
trench with unconsolidated material to a depth of 15 feet and
evaluating the degree of subsidence induced. Included in the estimate
is an RZ Class 1 allowance of $819,000, an RZ Class II allowance of
$2,217,000, and an engineering allowance of $3,225,000 (35%).

Subtotal Estimate = $14,105,700
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Clay Cap Construction
Element includes the construction of a three foot clay cap. Clay source
is an off-site vendor of kaolin clay. An estimated 300,000 cy yards
(550,000 tons) of clay wil l be required. The cap wil l be constructed in
six inch lifts. The estimate includes an RZ Class 1 allowance of
$636,000 and an engineering al lowance of $ 1,170,700 (10%).

Subtotal Estimate > $12,877,700

Vegetative Layer
Element includes application of two feet of topsoil, site prep, seeding,
fertilizing, and an RZ Class 1 allowance of $186,000.

Subtotal Estimate * $1,280,200

Perimeter Ditches
Element includes a system of concrete ditches, culverts, headwalls,
and riprap to divert surface water runoff to permanent sedimentation
basins. Estimate includes an RZ Class 1 allowance of $91,700.

Subtotal Estimate = $598,700

PROJECT COST SUMMARY

Table 1 is the project cost summary. Element totals (excluding D&R) are
approximately $36 million. A 6% loading factor is added to this subtotal
for such things as construction quality control by the lump sum contractor
and construction taxes, insurance, and construction facilities. D&R costs
added to this subtotal total aproximately $38 million. A 45.85? overhead
factor is added to this subtotal to arrive at a total project estimate.
Major elements in the overhead estimate include $3.8 million for
escalation, $2.5 million for field changes and scheduled overtime, $3.1
million for construction contract administration and field indirects, $2.9
million for engineering design, $0.4 million for outside engineering
consultant, $ 1.0 million for clay test cap, and $3.8 million for Nuclear
Quality Assurance 1 requirements. Most of the overhead estimates are
based on a flat percentage basis of the subtotal costs.

SCHEDULE

The current schedule is to complete project design by 9/88 and award the
construction contract in 12/88 with on-site construction to begin in 1/89.
The closure project is projected to be completed in 12/90.
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TABLE I

PROJECT COST SUMMARY
58-ACRE MIXED WASTE RCRA CLOSURE

SAVANNAH RIVER PLANT

WORK ELEMENT

SITE CLEARING/CLAY TEST CAPS
SUPPORT FACILITIES
BORROW PIT DEVELOPMENT
BURIAL TRENCH DEVELOPMENT
CLAY CAP
VEGETATIVE LAYER
PERIMETER DITCHES
TOTAL WORK ELEMENTS

658 LOADING FACTOR
D&R
PROJECT SUBTOTAL

45.8% OVERHEAD FACTOR

COST (IN $1,000)

23
752

5.967
14.106
12.878

1,280
599

35,605

2.136
270

38,011

17.489

PROJECT TOTAL 55,500
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COVER TECHNOLOGY DEMONSTRATION FOR LOW-LEVEL RADIOACTIVE SITES

Fairley J. Barnes and John L. Warren
Environmental Sciences and Waste Management

Los Alamos National Laboratory
Los Alamos. NM 87545

ABSTRACT

The performance of a shallow land burial site in isolating
low-level radioactive and mixed waste is strongly influenced by
the behavior of the precipitation falling on the site.
Predicting the long-term integrity of a cover design requires a
knowledge of the water balance dynamics, and the use of
predictive models. The multiplicity of factors operating on a
site in the years post-closure {precipitation intensity and
duration, soil conditions, vegetation seasonality and
variability) have made it extremely difficult to predict the
effects of natural precipitation with accuracy.

Preliminary results will be presented on a three-year field
demonstration at Los Alamos National Laboratory to evaluate the
influence of different waste trench cap designs on water balance
under natural precipitation. Erosion plots having two different
vegetative covers (shrubs and grasses) and with either
gravel-mulched or unmulched soil surface treatments have been
established on three different soil profiles on an inactive waste
site. Total runoff and soil loss from each plot are measured
after each precipitation event. Soil moisture is measured
biweekly while plant canopy cover is measured seasonally.
Preliminary results from the first year show that the application
of a gravel mulch reduced runoff by 73 to 90%. Total soil loss
was reduced by 83 to 93% by the mulch treatment. On unmulched
plots, grass cover reduced both runoff and soil loss by about 50%
compared to the shrub plots. Soil moisture reduction during the
growing season was more pronounced on the shrub plots. This
indicates that a more complex vegetative cover provides greater
soil moisture storage capacity for winter precipitation than the
usual grass cover. Continued monitoring of the study site will
provide data that will be used to analyze complex interactions
between independent variables such as rainfall amount and
intensity, antecendent soil moisture, and soil and vegetation
factors, and their influence on water balance and soil erosion.

INTRODUCTION

Site stabilization and closure are two of the most difficult problems that
must be currently addressed in the disposal of low-level radioactive waste
(LLW). The need for maintenance in the post-closure period must be minimized,
as well as the escape of hazardous material to the ground or surface waters or
to the atmosphere. Although many of the factors that must be controlled have
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been identified through small-scale studies in the field and laboratory,
details of the performance of waste site closure designs under natural
environmental conditions are generally lacking. Particularly with respect to
improved designs that are being proposed for site closure, it is important to
demonstrate the limits of performance of a trench cap, not only under highly
controlled conditions but also with all the variability that inevitably occurs
on an actual waste site with construction and implementation, and subsequent
environmental extremes.

The long term integrity of a LLW disposal site is strongly dependent on
managing the water balance of the trench cap applied to the site (Hakonson
1986). Precipitation is the driving force for the surface hydrology of the
site, but the fate of the water falling on the site will be determined both by
the design features and the long term behavior of the cap. If there is
insufficient protection of the soil surface by vegetation or mulches, the
initial impact of precipitation can be to erode the trench cap and expose the
waste material or provide channels for increased infiltration of water deep
into the cap profile. After the precipitation event, some of the water will
evaporate from the soil and vegetation surfaces. Infiltrated water can be
stored in the soil profile, perhaps to be transpired later by the vegetative
cover (and thus "mined" from the soil and removed from storage).
Alternatively, the water can be laterally transported r at of the trench cap
profile by barriers and drains, or it can seep vertically down to contact the
waste material.

In semi-arid climates, most of the precipitation is removed from the system by
the combined evaporation from the surface and transpiration by the plant cover
(evapotranspiration, or ET). In addition, erosion is particularly severed in
part because of the localized, short duration, high intensity storms typical
of these areas. A relatively small percent change in ET can radically affect
deep seepage or percolation of the water below the root zone in the trench
cap. In managing the components of the water balance of a site, it is
important to understand the effects of a mulch which, while preventing
excessive erosion, may increase infiltration of water under some conditions.
It is likely that increased water infiltration can result in increased plant
growth (particularly in dry climates), and thus increase the ET from the site.
Whether the increased ET can offset the increased infiltration of water should
be determined along with studies on the most appropriate soil profiles and
vegetative cover for minimizing soil water content and surface erosive
potential at critical times of the yearly hydrologic cycle.

At Los Alamos, we are conducting a demonstration project to study the
interactive effects of surface mulches, vegetative cover, and soil profile
design on site water balance. The initial phase of the demonstration consists
of a series of plots installed on a inactive LLW mixed waste site from which
we are collecting data on water balance and trench cap performance under
natural precipitation. Following the three year initial phase and analysis of
the data, we will model and design an optimum cover for an entire LLW site at
Los Alamos, and then are planning to implement the design in the fourth year.
This will be followed by the final phase of the demonstration in which we will
monitor the improved trench cap performance and compare predicted with actual
performance. In this report, we present preliminary results from the first
year's operation of the demonstration project.
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MATERIALS AND METHODS

The cover demonstration was established in 1986 on one of the oldest LLW/
mixed waste landfill sites at Los Alamos ("Area B"). Area B was constructed
in 1944 and received a wide variety of hazardous and low-level radioactive
wastes before site closure in 1947 (Rogers 1977. Hakonson 1986). By 1982, the
trench cover was in need of repair due to the action of invading plants and
animals, erosion, and subsidence. The remedial action replaced east and west
portions of the site with a standard trench cover design of about 75 cm
crushed tuff overlain with 15 cm topsoil (Fig. 1). The central portion of the
site received an enhanced trench cover design that incorporated layers of
cobble and gravel to act as both a barrier to vertical capillary moisture flow
as well as to invasion by burrowing animals and plant roots.

Twelve plots were installed on the site, four on each of the east, central and
west areas (Fig. 2). The plot configuration was consistent with previous
studies at Los Alamos in order to utilize existing data bases and models
during the analysis and subsequent design phases of the overall demonstration
project (Simanton and Renard 1982, Simanton et al. 1985, Hakonson 1986). Each
plot (3 x 11 m) was oriented with the long axis parallel to the slope of the
site, and was bordered to prevent overland flow of runoff entering the plot
from upslope. A collection system was installed for each plot for monitoring
total runoff after precipitation events, and to allow sampling or collection
of transported sediments. Eight plots were also equipped with supercritical
flumes and water-level recorders (Model 5-FW-l, Belfort Instrument Co.,
Baltimore MA 21231) for recording the runoff hydrographs resulting from severe
storms.

Each plot had three access tubes installed for the measurement of soil
moisture using a neutron moisture probe (Campbell Pacific Model 503, CPN Corp,
Pacheco, CA). Soil moisture is measured biweekly at 20 cm intervals to a
depth of 100 cm.

On each soil profile, two plots had a vegetative cover of shrubs (rubber
rabbitbrush, Chrvsothamnus nauseosus) and two a cover of mixed grasses and
forbs. One plot from each pair with the same plant cover was assigned a
surface gravel mulch treatment which was applied at 13 kg/m2. Vegetative
canopy cover and ground cover (gravel, litter and plant crowns) are measured
periodically during the growing season using both point-frame and shrub volume
techniques (Barnes and Rodgers 1988, Lopez et al. 1988). Leaf area indices
(LAI; area of green leaf, one side only, per unit area of ground) are
calculated from the cover data using previously derived relationships (Barnes
and Rodgers 1988).

RESULTS

Vegetation and Ground Cover

In 1987, estimated ground cover on the plots (gravel, litter, grass crowns,
and shrub stems) ranged from 75 to 90% on the gravel-mulched plots, from 27 to
40% on the unmulched grass plots, and from 19 to 21% on the unmulched shrub
plots. Unmulched grass plots had higher ground cover than the comparable
unmulched shrub plots because of the cover attributable to the grass root
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crowns. Percent of ground covered by plant canopies ranged from 31 to 62% on
the grass plots, and from 37 to 56% on the shrub plots.

At the end of the 1987 growing season, LAI values ranged from 0.22 to 0.46 on
the grass plots, and from 0.53 to 0.81 on the shrub plots. In 4 out of 6
pairs of plots, the gravel-mulched plots supported a higher biomass and LAI
than the ungravelled plots.

Runoff and Sediment Transport

During the 1987 summer growing season, 39 storms with measurable precipitation
were recorded at Area B. Of these, 29 events resulted in runoff from at least
one plot and data on these were recorded for 21 events. Precipitation per
storm varied from 2 to 14 mm for a total precipitation of 105 mm for the 21
events. Six events were either missed partially or entirely at the start-up
of the study when equipment installation was not complete. Two more events
have incomplete data due to insufficient capacity of the runoff collecting
tanks or other equipment failure. Capacity of the runoff tanks has been
increased to prevent further loss of data due to overflow problems.

Preliminary data on runoff and erosion for each plot in 1987 are presented in
Lopez et al. (1988) and summarized in Table I. The effects of surface
treatment on runoff were explored by normalizing runoff as a percent of
precipitation for each event and testing for differences between treatment
means using an analysis of variance (ANOVA) with a split-split plot design
(Freund and Littell 1985).

TABLE I
Mean Runoff and Total Sediment Loss for 1987
on Unmulched (UN) and Gravelled (GR) plots

Runoff/Precip (%)

Total Soil Loss
(Mg/ha)

UN

84a

7s

Shrub Plots

GR

• 2 1.94b

0.09b

GR/UN1

0.10

0.07

UN

10.58C

0.65a

Grass Plots

GR

2.89d

0.11b

GR/UN

0.27

0.17

Ratio of grave1/unmulched shows the average effect of a gravel mulch on each
vegetation type.

Tfeans with the same letter are not significantly different at P<0.01

Mean percent runoff was significantly different between plot location, between
vegetation treatments, and between mulch treatments. The mulch treatment had
the greatest effect on percent runoff, causing a runoff reduction of 90% on
the shrub plots and 73% on the grass plots over unmulched treatments. Using
grass as a cover on the unmulched plots reduced runoff by about 50% in
comparison to the shrub cover, most likely as a result of the higher
proportion of ground covered by root crowns on the grass plots. With a gravel
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mulch, the shrub cover (which also has a sparse grass understory) resulted in
runoff reduced to 67% of that observed on the grass plots. This could be
attributable to the slightly higher foliar cover on the shrub/gravel plots
than on the grass/gravel plots, and also to the more complex canopy structure
and higher LAI on the shrub plots that would mitigate raindrop impact more
efficiently than the grass canopy.

Soil loss for the events recorded showed wide variability between storms and
between treatments. Overall totals were calculated as Mg/ha. Inspection of
means of soil loss by treatment (Table I) shows that soil loss on the
gravel-mulched plots was only 7 to 17% of that observed on the unmulched
plots. Unmulched grass plots had about 50% of the soil loss observed on the
unmulched shrub plots. A three-way ANOVA using plot totals as the variable,
showed significant differences (P<0.01) in total soil loss between
gravel-mulched and unmulched plots. However, soil loss from grass plots was
not significantly different from soil loss on shrub plots in 1987. It should
be noted that these totals do not represent yearly soil loss since runoff from
several storm events (including two that produced high runoff and soil loss)
was not collected.

Soil Moisture

Average soil moisture in the surface soil layers during the first year of
operation of the demonstration are shown in Figs. 3, 4, and 5. On the east
and west profiles, soil moisture was averaged over 20, 40, and 60 cm depth
measurements at the three locations on each plot. On the central profile,
where the surface soil layers over the gravel-cobble barrier are quite
shallow, only the 20 and 40 cm depth were used for the averages.

AREA B SOIL MOISTURE
AVERAGED 20, 40 AND 60 em
DEPTH MEASUREMENTS

PROFILE: EAST

LEQEND
9-e SHMM MAVCl M-XAIMSS ORAVEL
& T & * H M J I NO WWVM. 4~«>«HA«S NO MAVEL

I
J F M A M J J A S O N D

DATE (1987)

Figure 3. Soil moisture on east plots in 1987.
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Figure 4. Soil moisture on west plots in 1987.
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Figure 5. Soil moisture on central plots in 1987.
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Early in the year, infiltration of snowmelt from extremely high winter
precipitation resulted in very high soil moisture (25 to 30% volume) on all
plots. Reduction in soil moisture storage began in April as a result of
drainage from surface soil layers and increasing ET. Although it is not
possible to distinguish ET from vertical or lateral drainage, it is readily
apparent that soil moisture under the shrub cover decreases more rapidly than
under the grass cover as the season progresses. This difference between the
two vegetative treatments is most likely because the shrub plots had
significantly higher LAI and hence had much higher transpiring surface area
than the corresponding grass plots. It is also possible that the shrub
vegetation had a higher transpiration rate per unit area of leaf. Further
analyses of the ET rates on each plot over time may explain such differences.

Soil moisture storage on the central plots at the end of 1987 is lower (6-8%
volume) than on the east or west plots (15-22% volume). The central plots
have a shallower soil profile, and the gravel/soil interface acts as a barrier
to vertical capillary moisture flow, holding the soil water high in the
profile where it is accessible to plant roots. Thus the lower soil moisture
content may be the result of more complete mining of the soil water due to
plant-mediated ET. However, if the slope of the gravel/soil interface is
uniform and about 5%, considerable lateral subsurface transport of water may
be occurring. This will result, of course, in a drier soil profile. Since
there are no mechanisms for collecting lateral drainage on this site, it is
not possible to distinguish between these processes at this time. An
examination of the relationships between fluctuations in LAI and soil moisture
over the 3-year period of the demonstration may allow us to make some
conclusions about the relative magnitude of the two processes.

DISCUSSION

The high variability observed in runoff volume and transported sediments
between precipitation events is undoubtedly due to the differences in
intensity and duration of the storms, as well as the differences in antecedent
moisture conditions on the plots at different times of the season. These
factors, along with the variation between plots with respect to slope,
vegetation, and soil profiles, makes it difficult to form conclusions,
especially after only one season of data collection. However, this complexity
is also the source of one of the greatest values of a study of this nature,
which is to document the range of variation likely to be found on actual waste
sites receiving only natural precipitation.

The reduction in total soil loss resulting from the application of a gravel
mulch (by a factor of 0.17 to 0.07, Table I) is comparable to the cover
management factors (0.016 to 0.050) observed using simulated rainfall on
experimental trench cap plots with gravel mulches at Los Alamos (Nyhan and
Lane 1985). Additional data over the next two years will allow us to
calculate, independently, the factors needed to predict soil loss at a waste
site using the Universal Soil Loss Equation model (Nyhan and Lane 1986).
Comparisons will then be made with all the factors estimated from rainfall
simulation studies as well as with the actual runoff and sediment transport
measured on sites in the southwest (Hart 1982, Simanton et al. 1985, Simanton
and Renard 1982).
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From one season's results, it is immediately clear that the application of a
gravel mulch will dramatically reduce runoff volume from summer monsoon
storms. It must be remembered, however, that reduced runoff results in
increased infiltration of water, which must then be removed either by plant
transpiration or by some other means (such as lateral transport).

At Los Alamos, infiltrating moisture is most likely to exceed the storage
capacity of the profile as a result of spring snowmelt. At that time of the
year, the typical vegetative cover is either leafless or not transpiring at a
high rate because of low temperatures. During summer months, storage capacity
may be exceeded if precipitation quantity or intensity is extreme. Reduction
of the water stored in the profile depends on the amount of actively
transpiring leaf surface (or LAI) as well as on the rooting patterns of the
plant species in the cover. Plants with deeper rooting patterns that access
all depths of the soil profile will be more valuable in mining the water. In
addition, a mix of species with differing seasonal activity patterns is
preferable in order to maximize ET at all seasons of the year.

The interplay between some of these factors is already apparent at Area B.
Inspection of soil moisture as a function of depth and time on comparable
grass and shrub plots (Fig. 6) shows that on the grass plot, only the 20 cm
depth of the soil profile shows the dynamic variability that indicates the
plant roots are accessing the soil moisture reservoir. The lower depths in
the soil profile show little seasonal change and most likely are not being
invaded by the grass roots. The result is that while the surface layers
become quite dry, the deeper layers remain wet through summer months and may
not provide sufficient storage capacity for the increased water infiltration
which will inevitably result from winter precipitation.

In contrast, all depths in the profile under the shrub cover show declines in
soil moisture, with increasingly lower depths being accessed by the plant
roots as the summer progresses. The result is that the overall storage
capacity of the soil profile under the shrub cover is increased before winter
precipitation occurs.

Our conclusions from the very preliminary data that we have from the first
year of the demonstration are that it is likely that a balance of erosion
control and desirable soil water storage dynamics can be achieved by
manipulating both the soil profile characteristics and the species mix in the
vegetative cover. Gravel mulches are very effective in reducing runoff and
erosion on a waste site, at least during summer months. Soil moisture
throughout the soil profile can be reduced by using deeper rooting shrubs in
addition to the grass cover usually emplaced on a site.

We anticipate that the comparison between the effects of summer and winter
precipitation will provide valuable data on the changes in erosion rates and
soil moisture storage that occur throughout the year. The multiplicity of
factors operating in natural field systems (precipitation intensity and
duration, soil conditions, vegetation seasonality and spatial variability)
have previously made it extremely difficult to predict the effects of natural
environmental regimes with accuracy. The data we obtain from this Los Alamos
project will be invaluable for verifying models used in the design of trench
caps for LLW/mixed waste sites in semi-arid regions.
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Figure 6. Soil moisture at depths 20 to 100 cm on grass and shrub west plots
in 1987.
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Background

Low-level radioactive waste and mixed wastes have been disposed of in
several sites in the vicinity of the Oak Ridge Y-12 Plant in Tennessee. Most
of these materials have been placed in shallow land burial pits (SLB).
Closure plans have been developed and approved by appropriate regulatory
agencies for several of these sites. A variety of cap (final cover) designs
for closure of these sites were investigated to determine their ability to
inhibit infiltration of precipitation to the waste.

Closure of these sites must meet both federal and state regulatory
requirements. Part 264 of Title 40 of the Code of Federal Regulations (40 CFR
264) outlines closure requirements for hazardous waste sites. Additionally,
those sites for which caps are proposed as part of closure are regulated by
the Division of Waste Management under authority of the Tennessee Solid Waste
Act, as amended in 1981. The 1981 state regulations do not specify criteria
for multi-layer caps, synthetic liners and drainage nets. In 1982, the EPA
published draft guidance which outlined how to meet closure criteria.1 The
draft guidance included the following recommendation.

The cap should consist of, as a minimum, three parts: (1) a vegetated top
cover, (2) a middle drainage layer and (3) a low permeability bottom layer.
The guidance documents provide detailed design recommendations which are
sometimes interpreted as specifications rather than performance criteria.
Specific guidance for surface impoundments which may be extrapolated to SLB,
state that "the cap or final cover must be designed to minimize infiltration
of precipitation into the surface impoundment after closure.2 It must be no
more permeable than the liner system."

The EPA Construction Quality Assurance document-* states that for the
leachate collection system (LCS) in liners, "there are three main types of
synthetic drainage materials available for use in LCSs: nets, mats, and
geotextile fabrics. These synthetic drainage materials may be used alone or
in combination with granular drainage layers to form the LCS for a hazardous
waste land disposal facility."

The same document discusses materials of construction for caps, stating
that: "Both the gas venting and water drainage layers in a final cover system
are similar in design and construction to the LCS and may be composed of
granular soils and/or synthetic drainage layers, including geotextiles."
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The Minimum Technology Guidance for single liner systems also encourages
consideration of alternative materials and indicates the mechanism for
demonstrating equivalence between synthetic and natural materials. An owner
or operator wishing to use an LCS or drain other than the one recommended in
the guidance document should compare the properties of the design against the
recommended design using the following criteria. The design should compare
hydraulic transmissivity, compressibility, chemical compatibility, mechanical
compatibility and slope stability. The decision to use equivalent synthetic
materials should also consider construction characteristics and performance.
Performance criteria to consider include flow characteristic, material creep,
useful life of the material, ability of the material to resist clogging and
ease of performance verification. If equivalent or better, he should proceed;
if not, he should abandon the alternate design.

Purpose of Study

The purpose of the study described herein, was to analytically compare
the extent to which several different caps, particularly caps with synthetic
drain layers, would reduce infiltration. The principal tool for this analysis
is the computer program, Hydrologic Evaluation of Landfill Performance
(HELP).4 As suggested in "Engineering Guidance for the Design, Construction
and Maintenance of Cover Systems for Hazardous Waste"5: "... the HELP model,
designed specifically for the analysis of waste disposal units and their
covers, is recommended as the best analytical tool to date." It was expected
that the results of this model would reliably predict the relative amount of
infiltration for each cap design.

Description of Analysis

Analyses were performed for the seven different cap cross sections listed
in Table 1.0. All calculations were carried out with the same climatological
data. Climatological data consisted of default mean monthly temperatures,
mean monthly radiation, mean monthly leaf area indices and winter cover
factors for Knoxville, Tennessee. Calculations were performed with default
precipitation data and local precipitation data. Results from infiltration
calculations were essentially identical for the two sets of precipitation
data.

The caps were assumed to cover a one acre square, sloped toward drains at
two parallel edges. A viable grass cover was assumed and a Soil Conservation
Service runoff curve number appropriate to the soil type and assumed cover was
used. Input data is summarized in Tables 2 and 3.
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Table 1. Cap Cross Sections Investigated

CROSS SECTION CAP DESCRIPTION

1. 36 INCHES OF UNCOMPACTED SOIL.

2. 24 INCHES OF UNCOMPACTED SOIL,
GEOTEXITLE FABRIC, 12 INCHES OF
SAND, SYNTHETIC IMPERMEABLE LINER,
24 INCHES OF COMPACTED CIAY.

3. 12 INCHES OF UNCOMPACIED SOIL,
24 INCHES OF COMPACTED CLAY.

4. 12 INCHES OF UNCOMPACTED SOIL,
GEOTEXTILE FILTER LAYER,
GEOSYNTHETIC DRAINAGE NET,
GEOTEXTILE FILTER LAYER, 12
INCHES OF COMPACTED CIAY.

5. 12 INCHES OF UNCOMPACTED SOIL,
GEOTEXTILE FILTER LAYER,
GEOSYNTHETIC DRAINAGE NET, 30
MIL SYNTHETIC LINER, 12 INCHES
OF COMPACTED CIAY.

6. 12 INCHES OF UNCOMPACTED SOIL, 12
INCHES COMPACTED CLAY, GEOTEXTILE
FILTER IAYER, GEOSYNTHETIC DRAINAGE
NET, GEOTEXTILE FILTER, 12 INCHES
OF SAND, 24 INCHES OF COMPACTED CLAY.

7. 12 INCHES OF UNCOMPACTED SOIL, 12
INCHES OF COMPACTED CLAY, GEOTEXTILE
FILTER IAYER, 12 INCHES OF SAND,
GEOTEXTILE, GEOSYNTHETIC DRAINAGE
NET, 24 INCHES OF COMPACTED CIAY.
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Table 2. Input Data Common To All Cap Designs

Curve Number
Total Area of Cap
Evaporative Zone Depth
Maximum Distance to Drain
Slope at the Base of Drainage Layers
Evaporation Coefficient
Liner Leakage Fraction

= 80
= 43,560 ft2

= 10 inches
= 104 feet
= 3%
=3.6 mm/day** 0.5
= 0.1

Table 3. Soil and Geotextile Data Common To All Cap
Designs

Field Wilting Hydraulic
Material Porosity Capacity Point Conductivity Thickness

Topsoil 0.57

Sand 0.35

Geotextile
Filter
Fabric 0.75

Geosynthetic
Drainage
Net 0.80

Compacted
Clay 0.58

0.46 0.38 0.198 in/hr Varies

0.17 0.11 142.0 in/hr 12 inches

0.20 0.20 142.0 in/hr 0.1 inch

0.10 0.05 9999 in/hr 1.0 inch

0.52 0.43 0.0029 in/hr Varies

Specific cross sections were analyzed to investigate
parameter variation. Cross sections are shown in figures
in figures 1.0 to 7.0.
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GRASS COVER

36" UNCOMPACTED SOIL

WASTE

FIGURE 1.0

CAP CROSS SECTION 1

GRASS COVER

24" UNCOMPACTED SOIL

GEOTEXTILE FILTER LAYER
12" SAND LAYER
30-MIL SYNTHETIC LINER

24" COMPACTED SOIL

WASTE

CAP CROSS SECTION 2
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FIGURE 3.0

CAP CROSS SECTION 3

GRASS COVER
12" UNCOMPACTED SOIL
GEOTEXTILE FILTER LAYER
GEOSYNTHETIC DRAINAGE NET
GEOTEXTILE FILTER LAYER
2" COMPACTED SOIL

WASTE

FIGURE 4 . 0

CAP CROSS SECTION 4
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GRASS COVER
12" UNCOMPACTED SOIL
GEDTEXTILE FILTER LAYER
•GEOSYNTHETIC DRAINAGE NET
30-MIL SYNTHETIC LINER
12" COMPACTED SOIL

WASTE

FIGURE 5.0

CAP CROSS SECTION 5

GRASS COVER
12" UNCOMPACTED SOIL

12" COMPACTED SOIL
GEOTEXTILE FILTER LAYER
GEOSYNTHETIC DRAINAGE NET
GEOTEXTILE FILTER LAYER
12" SAND LAYER

24" COMPACTED SOIL

WASTE

FIGURE 6.0

CAP CROSS SECTION 6

GRASS COVER
12" UNCOMPACTED SOIL

12" COMPACTED SOIL

12" SAND LAYER
GEOTEXTILE FILTER LAYER
GEOSYNTHETIC DRAINAGE NET
GEOTEXTILE FILTER LAYER

24" COMPACTED SOIL

WASTE

FIGURE 7 . 0

CAP CROSS SECTION 7
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Results

The HELP model was used to produce monthly and annual totals for precipi-
tation, evaporation, runoff, lateral drainage, and vertical percolation
through the base of the cover. Ihe output also lists peak daily values for
each component of the water budget during the time of siiTulation and average
values over the entire three-year period. Average values over a three-year
simulation period are given in Table 4 for the various cross sections.

Table 4. Water budget for seven caps.
(units are inches and are average annual values)

CROSS
SECTION

1

2

3

4

5

6

7

ERECIP

43.52

43.52

43.52

43.52

43.52

43.52

43.52

26

27

26

26

26

26

26

ET

.57

.24

.93

.66

.67

.86

.86

RUNOFF

0.55

0.71

2.95

0.55

0.55

2.29

2.29

DRAINAGE

0.0

13.82

0.11

13.16

15.64

3.53

11.07

PERCOLATION

16.29

1.55

13.09

3.04

0.55

10.39

2.86

These results indicate that to best reduce infiltration, a cap must
include a lateral drainage layer to shed water which has infiltrated through
the surface layer. Similarly, two vertically adjacent drainage layers are
redundant as ponded water generally will not be deep enough to drain laterally
through the upper layer. The analysis also indicates synthetic materials such
as filter layers, impermeable membranes and geotextile drainage layers are
very effective in preventing percolation into the waste.

53



The sand drainage layer and the geonet both serve to transport water to
drains incorporated into the cap. Table 4 shows that the predicted percola-
tion through cross section 5, which uses a geonet drain layer, reduces
infiltration by a factor of 3 more than cross section 2, which adheres
strictly to current EPA design guidance. Both layers function by draining
water laterally as it ponds on the barrier layer below. In both cases, the
maximum depth of ponding during the three years of simulation was considerably
less than the drainage layer thickness; 6.3 inches for the sand layer and 0.2
inches for the geonet. Data from the geonet manufacturers and from Kberner6

indicate that the effective hydraulic conductivity of the drainage net
increases rapidly with decreasing hydraulic gradient. The results reported
for the geonet are, therefore, conservative in using the effective hydraulic
conductivity at a gradient of one with a hydraulic gradient of approximately
0.05 expected in the cap as designed. The model assumed lateral flow through
the drain layer is laminar and Darcy's law applied. Thus, some inaccuracy is
possible in predicting flow through the net but, again the results should be
conservative.

Two cross sections were chosen for sensitivity analysis. The first
consisted of 24 inches of topsoil, a geotextile filter, 12 inches of sand, a
synthetic inpermeable liner and a 24 inch barrier layer. It was used to test
the sensitivity of predicted percolation through the barrier layer to varia-
tions in the following parameters: barrier layer hydraulic conductivity,
barrier layer thickness, hydraulic conductivity of the sand layer and maximum
distance to drain.

The second cross section was comprised of 12 inches of topsoil, a geotex-
tile filter, a geotextile drainage layer, a synthetic impermeable membrane and
a 12 inch barrier layer. Sensitivity analyses of the following parameters
were performed: hydraulic conductivity of the barrier layer, thickness of the
barrier layer, hydraulic conductivity of the geotextile drainage net, leakage
fraction of the impermeable liner, and thickness of the geotextile drainage
net.

Figures 8 through 10 indicate the results of the sensitivity analyses.
These analyses indicate that predicted percolation is most sensitive to the
leakage fraction of the impermeable membrane, conductivity of the sand, and
conductivity of the barrier layer, respectively.
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Activities In Various Regions

The calculations indicated that the use of synthetic materials enhanced
performance of the proposed cap. A telephone survey of other users of syn-
thetic drains in caps was conducted and is summarized in Table 5.0. Survey
results indicated that others had concluded that synthetic drains were
acceptable in caps.

Table 5. Approved Cover Systems with
Synthetic Drain Materials ***

EPA Region Cover Cross Section ** Status

I Fill/Geotextile/Geonet/ML*/Geonet/ EPA Permitted
Geotextile/Fill/Topsoil Under Construction

IV Clay/HDPE/Geonet/Geotextile/ EPA & State Permitted
Tqpsoil Completed '85

IV Clay/Geonet/Sand/Geotextile/ Approved by State
Geonet/Geotextile/Topsoil

V Clay/FMI/Geonet/Geotextile/ EPA Permitted
Topsoil Completed

*** Companies/Agencies Available Upon Request to Authors and Approval
of Contacts.

** Cross Section Listed from Bottom of Cap to Top of Cap.

* FML = Flexible Membrane Liner

Costs for the various cross sections were estimated for one site and then
extrapolated to the various sites which were subject to closure. It is clear
from this data that savings are realized with the use of synthetic drains
rather than sand drains. The analysis also indicated that the thickness of
the topsoil layer and the clay layer could be reduced for some additional cost
savings. Costs shown in Figure 11.0 are site specific.
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Conclusions

The most effective designs are those that use synthetic materials as
drainage layers and/or impermeable liners. The more complex, multi-layer
systems (cross sections 6 and 7) perform no better than simpler covers (cross
sections 2, 4, and 5) and would complicate construction and increase costs.

Costs of the various designs were estimated and an advantage was seen in
using geonets (rather than sand) and in miniinLzing clay layer thickness. It
is the opinion of the authors that savings in terms of actual dollars should
be weighed against the effort required to overcome regulatory resistance.
Specifically for covers of less than 1/2 acre the proposed design will save
money but may require significant time to gain approval thus, an owner may
elect to use the cap recommended in the EPA guidance documents.

In addition to citing the results of this analysis, regulator approval
was facilitied by citing other cases where synthetics had been successfully
used.

The EPA Region IV and TEHE approved cross section 5 for the closure of
SLB waste sites at the Y-12 Plant. A total savings of approximately 3 million
dollars is estimated as a result of the change of cap cross section. This
savings is a result of substitution of synthetic drain for sand and a decrease
of layer thickness in the top soil layer. An intangible benefit of the
alternate cross section is decreased installation time. Construction has
started and will continue for approximately 18 months.

Despite the successful analytical results described in this paper, addi-
tional considerations must be factored into use of geosynthetic as well as
natural materials. Possible problems with geosynthetics, which are not
reliably predictable at this time include: 1) the rate of deterioration of
impermeable membranes and consequent rate of leakage; and 2) the compression,
clogging and resulting loss of hydraulic conductivity of geosynthetic drainage
nets when exposed to overburden pressures over an extended period of time. On
the other hand, filter layers, drainage layers and barrier layers constructed
of natural materials such as clay, sand and gravel are also subject to
deterioration and failure. Soil layers are subject to failure by differential
settling, piping, and cracking while drainage layers can become clogged.
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ABSTRACT

Several large waste sites at the Savannah River
Plant will be closed within the next few years,
including two sets of seepage basins and a mixed
waste disposal facility. Technical support for the
closure caps for these facilities included water
balance calculations for a series of cap designs
using the Hydrologic Evaluation of Landfill
Performance (HELP) code together with time
dependant dose calculations using the Rogers and
Associates PATHRAE code. The results of the HELP
code showed that a cap constructed with clay having
a hydraulic conductivity of 10~7 cm/sec and good
drainage will be 97.6% effective in preventing
infiltration through the cap. PATHRAE results show
that with the reduced infiltration all exposures
will be at acceptable levels after a 100-year
institutional control period.

INTRODUCTION

Several large-scale closure projects are scheduled for completion at
the Savannah Rive"r Plant by FY 1991, including a mixed waste
disposal site and two large seepage basin systems. One part of the
work to support these activities has been assessments of alternative
cap designs. One method which has been used is to calculate the
hydraulic performance of alternative cap designs using the
Hydrologic Evaluation of Landfill Performance (HELP) code1, and
using the resulting water infiltration as an input to the PATHRAE
performance assessment code^.

The HELP code was developed by the U.S. Army Corps of Engineers for
the Environmental Protection Agency as an aid in developing closure
cap designs. The program uses climatic data such as daily rainfall
and solar radiation, vegetation information such as leaf area index
and root depth, and soil properties such as porosity and hydraulic
conductivity as input. The code then calculates how precipitation
which falls on the study area will be partitioned among
evapotranspiration, runoff, lateral drainage away from the waste,
and infiltration through the waste.
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The PATHRAE code was written by Rogers and Associates Engineers,
again for the EPA. This code uses a large number of site specific
parameters for input and calculates doses from disposed
radionuclides at different points in space and time. One of the key
input parameters for PATHRAE is the water infiltration through the
buried waste. This code was used to assess future disposal options
and closure alternatives at the Savannah River Plant in a recent
Environmental Impact Statement3. During the EIS work on the three
sites studied here^/5,6 it was estimated that closure caps would be
90% effective, i.e., they would decrease infiltration to one-tenth
of the current amount. Using the HELP code to calculate
infiltration values for input to the PATHRAE code provides a more
accurate indication of the performance to be expected from a variety
of closure alternatives.

DISCUSSION

Description of the Cases Analyzed

In the discussion which follows the closure cap alternatives are
more or less generic for the Savannah River Plant site. The HELP
results would be the same for either the Mixed Waste Management
Facility or either of the seepage basin systems studied, as long as
percentages and not actual volumes of water are considered. Dose
calculations are strongly dependant upon the inventory present in a
specific site, so results are presented for only one of the waste
disposal sites studied, the H Area seepage basin system.

In all cases certain properties of the disposal sites were assumed.
Where drainage layers are included in the cap system a slope of 2%
was assumed. Those systems which include High Density Polyethylene
(HDPE) liners have a liner leakage fraction of 0.01 to account for
possible leakage through seams; however, the amount of water
resulting from this value was too small affect the final water
balance.

RCRA Cap

The first case considered is the so called "RCRA" cap. From the
final grade downwards this consists of two feet of top soil, one
foot of sand, one foot of gravel, an 80-mil (HDPE) liner, one foot
of gravel, and two feet of clay.

Failed RCRA Cap

This case is the long-term version of Case 1A where the HDPE liner
is assumed to fail.

Synthetic Materials Cap

This case uses geotextile materials for drainage material as well as
a HDPE liner. The configuration is two feet of top soil, one-fourth
inch of geotextile, a one-eighth inch drainage net, an 80-mil HDPE
liner, another one-fourth inch layer of geotextile, and 2 feet of
clay.
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Failed Synthetic Materials Cap

This is the long term equivalent of Case 2A, where all synthetic
materials are assumed to fail.

Backfill only Cap

Case 3 is the "no action" alternative. In this case the only
closure action taken is to backfill the waste site. In the HELP
code simulation two feet of top soil and six feet of backfill were
assumed.

Natural Materials Cap

This case utilizes only natural materials and consists of two feet
of top soil, one foot of gravel, and two feet of clay.

HELP Code Input Parameters

Input to the HELP code consists of values for a number of parameters
for the site in general and for each layer specified in the cap. The
values used in this study and their sources are given in Table 1.
The values for the evaporation coefficient, field capacity, and
wilting point are important only in the uppermost part of the cap,
in these cases the top soil.

Results

The HELP code calculates a water balance for the cap system under
investigation, i.e. the precipitation is divided among surface
runoff, evapotranspiration, lateral drainage off the cap, and
infiltration through the cap to the waste. The results for each
case are summarized in Table 2. Table 2 also gives the cap
efficiency, the percentage of infiltration which is prevented from
reaching the waste, for each case. This is calculated by taking the
ratio of the infiltration under study to the "no action"
infiltration and multiplying by 100%.

Interpretation of HELP Results

In general, the purpose of a closure cap system is to minimize
infiltration of water through the buried waste, since this is the
primary pathway for potential human exposure at humid sites.
Measures which increase evapotranspiration and lateral drainage also
prevent water from reaching the waste. Surface runoff also
decreases the amount of water available for infiltration; however,
in large amounts it can also erode the cover system, which decreases
the effectiveness of the cap in the long term. Figure 1 shows a
schematic diagram, key input values, and the HELP code results for
each of the cases discussed below.
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Table 1. Parameters Used in Seepage Basin Cap Assessment

Site Parameters

Soil Conservation Service Runoff Curve Number

Total Area of Cover

Liner Leakage Fraction

Rainfall Data

Other Climatological Data

70.84'

560,000 sq. ft.5

0.01

SRP; 1982-1986

Watkinsville, GA1

Cap Layer Parameters

Material

Top Soil

Sand

Gravel

Clay

Backfill

Waste

HDPE

Filter
Fabric

Drainage
Net

Evaporation
Coefficient
(mm/Day^)

3.3

3.1

3.1

3.1

3.1

3.1

3.1

3.1

3.1

Porosity8

(v/v)

0.4

0.3

0.3

0.3

0.3

0.3

0.01

0.5

0.95

Field
Capacity
(v/v)

0.1290

0.2

0.2

0.2

0.2

0.2

0.01

0.2

0.2

Wilting
Point
(v/v)

0.0750

0.2

0.2

0.2

0.2

0.2

0.01

0.2

0.2

Hyd.
Cond.9

(cm/sec)

10-4

10-1

10°

10-7

10-3

10-4

0

io-i

10°
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Table 2. Five Year Average Annual Water Balance. (%)

Case

Max Head
Evapo- Lateral Vertical in Cap

Runoff Transpiration Drainage Infiltration fin)

RCRA 0.76

Failed
RCRA

Synth.

Failed
Synth.

Backfill
Only

Natural
Material

0.76

0.77

13.33

0.76

0.76

66.37

66.37

65.32

79.47

66.05

66.37

32.21

31.44

33.25

0.00

0.00

31.44

0.00

0.77

0.00

4.37

32.53

0.77

1.5

1.5

8.9

24.1

0.0

1.5

Case

RCRA Cap
Failed RCRA Cap

Synthetic Cap
Failed Synthetic Cap

Backfill Only Cap

Natural Material Cap

Cap Efficiency

100
97.6

100
86.6

0.0

97.6
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Figure 1. Cap Designs and HELP Summary
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RCRA Cap

The HELP code shows that the RCRA cap will perform very well in that
no water is allowed to reach the waste. The HDPE liner presents an
impermeable barrier to the movement of water, and the one foot of
gravel over the liner provides an effective path for lateral
drainage of water. Because the HDPE is essentially impermeable the
layers underneath it have no effect on the results.

Failed RCRA Cap

In this case the HDPE was removed from the cap design in order to
simulate failure. Figure 1 shows that the resulting configuration
has one foot of sand and two feet of gravel for drainage over two
feet of 10~7 clay. This cap system allows a small percentage of the
precipitation (0.77%) to penetrate the clay and reach the waste.

Synthetic Cap

This case uses geotextile material to provide drainage over a HDPE
liner. The HELP code results show that the cap is effective in
preventing infiltration from reaching the waste, and in draining the
water to the side of the cap. A head of about 9 inches of water is
developed on top of the HDPE indicating that at rainfall events the
drainage net cannot conduct water as fast as thicker gravel layers.
In setting up this case only a single layer (0.12 in) of drainage
material was used. It is apparent from the model results, that more
drainage material is required in order for this cap system to match
the performance of the previous cases.

Failed Synthetic Cap

When the synthetic materials in the synthetic cap are removed in
order to simulate failure there is no drainage material left. This
results in a head of 24.1 inches of water in the clay layer,
indicating complete saturation of the top soil to the extent that
there is ponding of water on the surface of the cap. This case also
results in greatly increased runoff, evapotranspiration, and
infiltration through the waste.

Backfill Only

This case provides neither an infiltration barrier nor a drainage
layer. As a result, infiltration through the waste amounts to
one-third of the incident precipitation.

Natural Material Cap

The arrangement of materials in this cap system closely resembles
those in the Failed RCRA cap and the HELP code results are
identical. The difference between this case and the RCRA cap in the
failure mode is the smaller amount of material in the drainage
layer.
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All cap systems employing clay barriers and drainage layers
consisting of sand or gravel provide good performance in both the
short and long term. Analysis of a no cap system shows clearly
unacceptable performance. The performance of a cap using synthetic
drainage materials is poor if the synthetic material is assumed to
fail.

PATHRAE Input Parameters

Table 3 shows the waste site inventory used in this study. Table 4
gives values for key parameters used in the code to describe the
site. These values are taken from the Environmental Information
Document for the H Area Seepage Basin5.

PATHRAE Results

In order to calculate exposure levels under a variety of circumstances
the PATHRAE code must account for a large number of complex
interactions. When considering closure actions the primary result is a
decrease in the water infiltration rate. This decreases the principle
driving force for dissolution and material transport which in turn
increases the length of time required for material to reach the
biosphere. When considering radioactive species this not only tends to
increase dilution, but also allows time for decay.

Table 3. Inventory Used in PATHRAE Analysis

Radionuclide Inventory (Ci)

241Am 6.0E-01
244Cm 2.0E-01
1 4 4Ce 3.1E-01
1 4 4Pr 3.1E-01
60Co 1.8E+01

134CS 4.7E-01
137Cs 1.1E+02
152Eu 2.8E-01
154EU 2.1E-01

3H 9.8E-04
129j 2.0E+00
95Nb 3.0E-02

237Np 2.1E-01
1 0 3Ru 3.0E-02
106Ru 5.1E+00
125Sb 5.8E-01
89Sr 1.6E-01
90Sr 2.7E+01
90Y 2.7E+01
99Tc 6.0E-01

147Pm 1.2E+00
238PU 2.1E+00
239Pu 3.6E+00
2 3 4U 7.0E-01
2 3 5U 5.0E-03
2 3 8U 6.0E-01
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Table 4. Key Input Parameters Used in the PATHRAE Analysis

Parameter

River flow rate
Aquifer density
Aquifer porosity
Soil residual saturation
Vertical permeability of

unsaturated zone
Soil index
Plant root depth
Areal density of plants
Facility length
Facility width
Waste thickness
Distance of groundwater

flow to streams
Distance from bottom of
waste to water table

Distance to wells
Length of perforated well

casing in water table
Horizontal water velocity

Value

9.1E+09 m3/yr
1.6E+03 kg/m3

2.0E-01 (dimensionless)
0.1 (dimensionless)

2.2E+00 m/yr
2.5E-01 (dimensionless)
1.0E+00 m
1.0E+00 kg/m2

1.0E+02 m
5.6E+02 m
1.0E+00 m

2.4E+02 m

4.0E+00 m
1.0E+00 m; 1.0E+02 m

1.0E+01 m
1.5E+01 m/yr

Though a large number of nuclides were analyzed using the PATHRAE
code only a small number showed up as having potentially significant
dose levels after the 100-year institutional control period when the
"no action" case was studied. The five constituents having the
highest "no action" doses and the years in which those doses occur,
as well as the doses with a 97.6% effective cap are presented in
Table 5.

Table 5. Effect of Closure Cap on H Area Seepage Basin

Peak Dose and Years After Closure
[ mrem/year (year) ]

Constituent

238Pu

237Np

241Am

239pu

238O

No Action

55 (100)

32 (30)

11 (130)

2.7 (2000)

0.6 (100)

97.

0.3

0.5

0.2

2.7

0.04

6% Cao

(200)

(500)

(200)

(2000)

(2000)
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CONCLUSIONS

The Environmental Information Document for the H Area Seepage
Basin showed that a closure cap which was 90% effective would
keep water taken from a well 1 meter from the basin edge under the
EPA drinking water standard of 4 mrem/year after a 100 year
institutional control period. The backfill only cap and the failed
synthetic cap were less than 90% effective. The other cases were
all greater than 97% effective. Though the performance of the
synthetic cap could be improved by increasing the thickness of the
drainage layer, its poor performance in the case of failure should
eliminate it from consideration.

The addition of an HDPE liner does provide for complete elimination
of infiltration through the waste layer for as long as the HDPE
remains intact. The useful lifetime for HDPE liners and geotextiles
is a matter which has not been resolved at this time. The increase
in short-term cap efficiency from 95% to 100% needs to be weighed
against the increased cost and construction problems associated with
the HDPE liner.

Long-term performance of the RCRA, and Natural Material caps is
identical. It could be argued from this that a minimum essential
cap would contain two feet of top soil, one foot of gravel drainage
layer, and two feet of clay.
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in a Humid Environment in a Fractured Geology
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ABSTRACT

An engineering evaluation of an improved disposal trench at the Maxey Flats
Waste Disposal Site is being conducted in order to demonstrate the feasibility of a
burial trench suitable for use at a site in a humid environment and underlain by
complex and fractured geologic media. This demonstration is one of several
proposed final site stabilization alternatives which will have to be evaluated prior
to final site closure. Due to requirements in the Central Midwest Compact
Commission, no waste generated as a result of the site closure may be disposed in
the Commission's disposal site. Hence, the waste will be disposed on-site.

The demonstration trench was constructed and filled with waste during the
fall of 1985 with final trench capping being completed in July 1986. Since that
time the trench has been evaluated utilizing trench settlement monument
elevations, leachate production measurements, leachate radionuclide analysis,
chemical tracer analysis and trench water balance. Measurements performed to
date indicated that the trench lower infiltration barrier has a permeability of about
1E-7 cm/sec. Water balance measurements indicated that less than one (1) percent
of the total rainfall crossed the trench capillary barrier. No settlement of the
trench cap has been observed. No liquid has appeared in the leachate collection
and monitoring sumps.

INTRODUCTION

This paper briefly describes the construction and performance monitoring of an
improved disposal trench at the Maxey Flats Low-Level Radioactive Waste
Disposal Site. The trench design process, evaluation, selection, construction and
closure were the subject of previous reports prepared by Westinghouse for the
Kentucky Department for Environmental Protection (1,2).
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Project Background ,

Shallow land burial (SLB) has been the most common disposal technique for low-
level radioactive waste (LLRW). This disposal method has proven to be relatively
safe, but at several burial facilities the isolation of waste materials from the
biosphere has been less than perfect. That has resulted in the closing of three
commercial low-level waste disposal facilities including Maxey Flats. The U.S.
Nuclear Regulatory Commission (NRC) issued regulations governing the disposal of
low-level radioactive waste by shallow land burial in 1983 as 10CFR61. These
regulations provided performance objectives to be utilized in measuring the
acceptability of shallow land burial facilities.

With the signing into law of the Low-Level Radioactive Waste Policy Amendment
Act of 1985, Congress provided for the formation of state compacts to manage
LLRW within regions of the United States. The effect of this law was to mandate
the design, construction, and operation of a number of new regional LLRW disposal
facilities by December 31, 1992. It is assured that several of these facilities, due
to their geographic location, will operate in a humid environment. Some of these
facilities may utilize shallow land burial as a disposal technique.

It is, therefore, in the public interest to demonstrate improvements in disposal
technology which will enhance the containment capabilities of shallow land burial
facilities. Such a demonstration may help restore public confidence in the ability
to locate a LLRW disposal facility in a humid environment. Additionally, wastes
are being generated at the closed LLRW facilities, due to closure activities, and
these wastes will generally be disposed on-site where operational experience with
conventional SLB has been less than satisfactory. The wastes being generated
during the stabilization and decommissioning of the Maxey Flats Disposal Site have
been excluded from disposal at the Central Midwest Compact Commission regional
facility. These wastes will most likely be disposed on-site in an area featuring a
fractured geology and average rainfall in excess of 45 inches (11* cm) per year.

The Kentucky Natural Resources and Environmental Protection Cabinet (KNREPC)
was awarded a grant by the U.S. Department of Energy to jointly sponsor the
design of an improved shallow land disposal trench and its implementation at the
Maxey Flats Disposal Site. In 1985, KNREPC selected Westinghouse to evaluate
various methods of enhancing the state-of-the-art in shallow land disposal and
recommend a disposal system for demonstration.

The recommended design was approved by KNREPC in June 1985 and the final
construction plans were delivered in August 1985 for review and approval by the
site licensing agency, the Kentucky Cabinet for Human Resources, Radiation
Control Branch. After regulatory authorization, construction was initiated in
September 1985, with final trench capping completed in July 1986.

The goal of the project was to complete a demonstration of a selected disposal
design to verify the function of the individual design components and the system as
a whole. To prove viability of the design, the trench has to demonstrate, 1) the
ability to control the flow of surface and ground water into and away from the
contained wastes and 2) the ability to provide long-term structural stability to
ensure the functionality of all design components.
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While the overall design was to be applicable at any site falling under the general
category of humid environment, the design was required to meet the specific
requirements of the Maxey Flats Disposal Site. The performance objectives
contained in 61.41-61.44 of Title 10 of the Code of Federal Regulations were used
in evaluation of alternatives and design of the trench to be constructed.

TRENCH DESCRIPTION

This section provides a general description of the trench design as it was applied to
the Maxey Flats Disposal Site.

TRENCH SIZE

The base of the trench is 45 feet by 65 feet. Those dimensions were selected to
accommodate the anticipated number of low activity waste containers at the site
(3). The excavation depth was limited to approximately 20 feet in order to stay
above a fractured sandstone layer located near that depth, which is considered to
be near the base of a perched water table.

TRENCH SIDEWALLS

Since the soil at Maxey Flats consists of weathered shale and sandstone fragments,
the walls of the improved disposal trench were excavated in a step fashion on the
two longer sides and sloped on the two shorter sides to conform to excavation
requirements of the Kentucky Occupational Safety and Health Administration.

TRENCH FLOOR

The floor of the trench as shown in Figure 1, was designed with a 1% slope in the
longer direction to promote drainage both during and after filling with waste. Due
to observed migration of leachate in a sandstone bed present in the burial
formation, a trench floor infiltration barrier was constructed to preclude the
intrusion of leachate into the trench. Beneath the barrier a gravel drainage layer
was constructed so that the flow of leachate along the sandstone layer would not
be impeded. The 6-inch thick infiltration barrier was constructed by spreading dry
sodium bentonite on top of gravel. The bentonite will hydrate and swell upon
contact with water and thus fill the void spaces between the gravel. This layer
forms a barrier to the infiltration of water into the trench from below. With this
layer in place, monitoring of the trench cover and lateral infiltration barriers can
be performed. As a precaution, a plastic barrier was installed below the
infiltration barrier to prevent the movement of bentonite into the drainage layer.
A gravel collection/monitoring sump was placed at the low end of the trench
parallel to the longer dimension and above the bottom infiltration barrier. A layer
of gravel placed above the gravel/bentonite infiltration barrier acts as a drainage
layer to allow water infiltrating down from the top of the trench to drain to the
collection/monitoring sump. A layer of geotextile is placed above the gravel to
protect the gravel layer from becoming plugged during final grouting of the trench.
A final layer of gravel was spread over the geotextile and graded to form a level
surface for the placement of waste containers and movement of operational
equipment. It should be noted that the trench floor infiltration barrier was
provided for the trench at Maxey Flats to meet a site specific requirement.
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PLACEMENT OF WASTE

The basic feature of the improved disposal trench is that the waste containers are
used as forms for the placement of the trench perimeter infiltration barrier and for
the formation of interior cement grout columns and cells which support the trench
cover. The trench design can accommodate the various types of containers
currently being buried at commercial disposal sites. These include steel drums,
high-integrity containers (HICs), liners, and low-specific activity (LSA) boxes.

TRENCH BACKFILL

For the trench constructed at Maxey Flats, the waste containers consisted
primarily of 55-gallon steel drums. The drums were placed in the disposal trench
by a crane positioned on the side of the trench. The placement of the drums was
such that a space was left between the inside of the trench walls and the drums.
Plastic pipes, perforated at the bottom, were placed vertically in the space at 5-
foot intervals. As the drums were placed within the trench, the space between the
drums and the wall was backfilled with gravel to prevent the walls of the trench
from collapsing. In this manner, a perimeter wall of gravel with vertical stand
pipes was formed within the trench as shown in Figure 2.

The stand pipes were used to pump a bentonite slurry into the gravel to form a
barrier to the infiltration of groundwater into the trench from the side. The slurry
was pumped to the bottom of the gravel so that the slurry displaced the air within
the void spaces of the gravel and the formation of air pockets was minimized.

COVER SUPPORT

The placement of the drums within the trench was of prime importance to the
ultimate performance of the improved disposal system. The steel drums were
arranged in the trench so that cells of drums were formed. The spaces between the
cells were filled by pouring the grout directly into the void spaces. The grout
columns and walls thus formed provide a positive means for supporting the trench
slab. The slab was designed to span the distance between the grout walls and
columns, and transfer the forces produced by the weight of the trench cover and
from earthmoving equipment to the grout columns and walls. The inplace
formation of columns and cells formed a structural system which will prevent
subsidence of the trench cover. Grout that spread between the drums also provided
an additional barrier to ground or surface water coming into contact with the
waste. The design permitted the use of other types of waste containers besides
drums to form the interior cover support structure. The series of grout columns
and cell walls formed within the trench were designed to support a soil slab
reinforced with polyethylene grids.

TRENCH COVER

The trench cover consists of four functional layers: an infiltration barrier, a
subsurface drainage layer, a biointrusion barrier, and a soil cover as shown in
Figure 3 and as described below.

The infiltration barrier is composed of crushed stone with bentonite spread on top.
The stone was designed to take the weight of the rest of the cover, and the
bentonite, once hydrated, fills the void spaces between the stones. The stone and
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bentonite were placed in two 6-inch lifts with a geotextile fabric placed between
lifts to facilitate ease of placement. In a humid environment, the soil moisture
content should be sufficient to keep bentonite hydrated and prevent the infiltration
barrier from drying out and cracking. If during drought conditions the bentonite
were to dehydrate, it will rehydrate and swell upon contact with moisture as
discussed in the trench design report(l).

Above the infiltration barrier, a subsurface drainage layer consisting of a 6-inch
thickness of stone was placed to convey infiltrating liquids away from the
infiltration barrier. Water collected by this layer flows to a subsurface drain at
the sides of the waste trench.

The biointrusion barrier was formed by a 2-foot thick layer of cobbles. The cobble
layer is prevented from silting-up with soil from the uppermost layer by an
intervening 6-inch thick layer of crushed stone. The uppermost soil layer is 30
inches thick, and therefore the total effective depth for biointrusion is 66 inches.

A 30-inch soil layer was installed to provide freeze/thaw protection to the filter
and barrier layers, and also to store water for the vegetation. The soil was
fertilized and a vegetative cover consisting of Kentucky 31 Fescue established to
control erosion of the soil layer.

The design of a trench cover is highly dependent upon the site location. Factors
such as rainfall, frost depth, physical and chemical characteristics of the native
soil and types of native plants and animal species will influence the cover design.
The cover chosen for the Maxey Flats site is representative for an improved cover
design in a humid environment. It will differ from the cover designed for another
site, but the basic functionality of the cover will be the same.

TRENCH DRAINAGE SYSTEM

Run-off from the surface of the trench cover is collected in perimeter drainage
channels and rapidly conveyed from the trench area. Water that percolates down
through the cover is transported away from the infiltration barrier by the drainage
layer previously described. The drainage layer follows the slope contour of the
infiltration barrier and leads to perimeter subsurface drains which convey the
water away from the trench area to a monitoring tank. Both the subsurface and
surface drains were sized for a 30-minute, 100-year return interval storm based on
data for the site area.

TRENCH PERFORMANCE MONITORING PROGRAM

The monitoring program was developed to evaluate the performance over time of
those trench components which were provided to meet or contribute to the major
design objectives of water management and structural stability.

The performance of the water management system is monitored by the use of
chemical tracers to identify the source of the leachate in the trench monitoring
sump and by collecting and measuring flow from the trench cap subsurface drain.
The overall structural stability of the trench is determined by measuring
subsidence, if any, of the trench cover with the use of elevation markers installed
on the trench cap. These elements of the program are described below.
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LEACHATE MEASUREMENT

Water that has infiltrated into the trench is detected by three monitoring wells
which lead from the surface to the monitoring sump. Since the monitoring sump is
sealed from the surrounding soil, in the short term, the presence of water in the
sump should only occur due to the failure of the various infiltration barriers. The
monitoring sump and wells provide means for measuring the effectiveness of the
infiltration barriers.

Chemical tracers were placed in or near the trench cover and trench floor
infiltration barriers such that water flowing through a barrier will pick up a tracer.
Water infiltrating the trench will eventually reach the sump. Water samples can be
taken from the sump, and detection of one or more of the tracers will indicate
which infiltration barrier is transmitting water. These tracers were placed below
the cover infiltration barrier and below the trench floor infiltration barrier
respectively. If tracer-free water is found in the sump, this will indicate
infiltration through the sidewalls of the trench.

Due to the long design life of the trench system, even the low design permeability
of the infiltration barriers will allow some water to infiltrate to the monitoring
sump. If radionuclides are detected in this trench leachate, there is no means for
determining whether they come from the waste within the trench or as a result of
migration from an adjacent trench. To differentiate the waste contained within
the improved trench from other trenches on the site, a chemical tracer was mixed
with the backfill grout and placed in the center of the trench. This tracer will
behave similarly to the two tracers used for the infiltration barriers. If water
contacts the waste, it will pickup the tracer, which can be detected when the
water reaches the sump. Detection of the tracer will indicate that leachate is
being formed in the trench.

The production of leachate within the trench is monitored on a quarterly basis by
evacuating the trench monitoring sump. Measurement of the total volume of liquid
removed and the leachate level in the monitoring well before and after pumping is
recorded for use in the development of the trench water balance. The leachate
samples collected are analyzed for the presence of tracers and of selected
radionuclides.

WATER BALANCE

To determine what fraction of precipitation that falls on the trench becomes run-
off and what fraction reaches the subsurface drain, the surface and subsurface
drains are monitored, and a continuous record of flow is kept. The outfall of the
surface drain terminates at a weir, and the flow in the surface drain is determined
by a flowmeter. Flow from the subsurface drain terminates in a collection tank.
The water level in the tank is used to calculate the volume entering the trench cap
and which then flows through the subsurface drain to the tank. In addition to these
devices, a rain gauge is used to determine an approximate water balance of the
trench area. Since evaporation and transpiration are not measured, a complete
water balance cannot be made.
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SETTLEMENT MEASUREMENT

Four settlement monuments, equally spaced along the trench center line, were
installed to detect vertical movement of the trench cover. The elevation of the
monuments with respect to an existing reference datum level located off the
trench cover are measured quarterly in order to detect subsidence of the trench
cover. These measurements are made using standard land surveying techniques.

MONITORING RESULTS

Since one purpose of the demonstration project was to validate the design of the
trench, various performance monitoring systems were placed into the overall
system during the design phase. Trench structural stability and avoidance of water
contact with the waste are the two primary areas of performance monitoring.

Measurement of the structural stability of the trench is conducted in a
straightforward manner by periodic evaluation of trench cap subsidence. Visual
inspections are made periodically to note formation of sinks or potholes.

One simple method to determine the adequacy of trench design is to monitor the
trench for production of leachate. The trench design provides a system below the
waste/grout matrix for this purpose. The simple measurement of leachate
production, however, offers no clue as to the source of the intruding water.

Chemical tracers are utilized to identify the source of any infiltrating liquids.
Different tracers were placed: 1) below the floor infiltration barrier, 2) within the
backfill grout matrix, 3) within the waste containers, and 4) below the upper
infiltration barrier. By analyzing the leachate one can determine if liquid is
passing through one or more of these barriers. No reasonable method could be
found to introduce a tracer into the sidewall (lateral) infiltration barrier which
would allow measurement of the performance of this barrier. Performance of the
barrier can thus be inferred through the presence of tracer-free leachate within
the monitoring layer.

Finally, a water balance is conducted as leachate is removed from the trench. Any
rainfall infiltrating the trench cover is collected by a subsurface drainage layer
within the trench cap. This layer is located directly above the cap infiltration
barrier and drains to a holding tank for volumetric measurement of the liquid
collected.

Surface drainage channels discharge via a weir with associated flow volume
measurement equipment. This permits volumetric measurement of surface run-off.
A nearby rain gauge allows calculation of the volume of rain falling on the trench.

TRENCH SETTLEMENT MONITORING

Quarterly measurement of the structural stability of the trench cap are
accomplished by elevation measurement of four trench cap settlement monuments.
All measurements are made usin standard land survey techniques and are
referenced to the site system of vertical control datum points. Any deviation of
greater that 0.03 feet was verified by resurvey.
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During the monitoring period from October 1986 until June 1988, no monument
elevation was found to have changed more than 0.02 foot. This implies that no
settlement ol the trench contents is occurring which would decrease the
effectiveness of the trench cap.

LEACHATE PRODUCTION MEASUREMENT

The production of ieachate within the trench was monitored by direct examination
for presence of liquid in the trench leachate collection and monitoring sumps.
Leachate was not found within any of the collection and monitoring sumps during
the observation period. This was as expected based on the calculations made
during the design phase of the project. The design calculations predicted no
substantial accumulation of liquid in the monitoring layer for several hundred years
after closure.

However, no assurance could be given that the lower infiltration barrier (floor) was
functioning as designed. Indeed it was possible that large volumes of water were
entering the trench cap and exiting undetected via a failed lower barrier. Two
possibilities could reasonably explain the lack of leachate in the trench monitoring
sump.

First, all barriers could be functioning as designed with no significant infiltration
occurring in excess of exfiltration via the trench bottom. Secondly, it was also
possible that the flow of liquid from the bottom of the trench via the lower
infiltration barrier was much greater that the design value and any lateral or
vertical infiltration into the trench was rapidly exiting the trench via the lower
barrier.

The trench bottom lower infiltration barrier was installed in the trench to prevent
the potential entry of contaminated liquids from adjacent trenches into the
improved design. This was necessary since transport of leachate through a
fractured sandstone lens in the burial media was known to have occurred. As
stated earlier, in most situations it is more desirable to have trench exfiltration
equal or exceed the volume of infiltration assuming small values for both
quantities. Even though the exfiltration of liquid from the trench was not entirely
undesirable, the effectiveness of the lower infiltration barrier was important since
its design and construction were identical to that of the cap infiltration barrier.
Its failure would reflect poorly on the overall design and effectiveness of all such
barriers.

The effectiveness of the lower infiltration barrier was verified in November 1987
by injecting potable water into the leachate collection and monitoring layer
through the sump risers. The test was conducted to verify that one or more of the
three monitoring sumps was connected to the leachate collection layer of the
trench and to experimentally determine the hydraulic conductivity of the barrier.

Approximately 6,500 gallons of water were added to trench leachate monitoring
sump 50-3 to raise the water level within the trench to a level which could be
measured within the well. A water level recorded was installed to permit accurate
measurement of the water level within well 50-3 over the period of observation.
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On the following day 500 gallons of water were placed into monitoring sump 50-2
to test for its hydraulic connection with sump 50-3 and the leachate collection
layer. The expected response was recorded in the form of a 0.14 foot initial
increase in the water level in 50-3 which stabilized to a 0.07 foot increase within
one hour. No further water was added to the trench and the water level steadily
declined during the observation period of November 10, 1987 to March 25, 1988.

During the period the liquid level within the trench declined by 0.39 feet. The
coefficient of permeability (hydraulic conductivity) of the lower infiltration barrier
was calculated from this information and the physical dimensions and
characteristics of the barrier and overlying layers. The permeability of the barrier
was calculated at 1E-7 cm/sec. This value compares favorably with the design
criteria for the trench and indicates proper function of the trench bottom lower
infiltration (floor) barrier. It also implies that significant quantities of leachate
are not being produced in the trench.

TRACER MONITORING

During the construction of the trench, various chemical dyes and inorganic salts
were added to the trench components to assist in identifying the entry point of any
leachate collecting within the monitoring sumps. Tracers were added to the waste
drums, the backfill grout, the gravel layer below the lower infiltration barrier, and
the gravel layer above the cap infiltration barrier. Detection of the tracers is
related to component failure in the following fashion:

Tracer Failed Component

Bromide Cap Infiltration Barrier
Fluorescein/Iodide Grout Backfill
Rhodamine WT Lower Infiltration Barrier

The rhodamine tracer was placed below the lower infiltration barrier. If rhodamine
bearing liquids were detected in the sump, this would indicate the upward
infiltration of liquids from adjacent trenches. Detection of tracer-free water
would indicate entry via the sidewall infiltration barrier.

Considerable difficulties were encountered with the use of dye tracers. During the
waste placement phase of trench construction, rain frequently occurred. Dye
tracers were observed in the standing rainwater within the trench and it is unknown
if the bentonite in the lower infiltration barrier had fully hydrated by the time
these dyes were released by the rainwater. Flow of liquid around the side of the
barrier is also possible. Since the sidewall infiltration barrier had not yet been
installed, a flow path to points outside the trench including adjacent environmental
monitoring wells was present.

It is possible that both the dye used to detect the failure of the lower infiltration
barrier and the dye which was placed within the waste drums were both
prematurely released by the standing rainwater. Sodium iodide was added directly
to the backfill grout during its placement to compensate for the potential
premature loss of the waste drum tracer. If iodide was later detected in leachate,
this would indicate liquid flow through fractures in the grout backfill.

During the waste placement phase of trench construction rain water frequently
collected in the trench and was removed. A water sample was collected from the
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monitoring sump following the final removal of this water. No tracers were found
in this sample.

Since no leachate has collected within the trench during the monitoring period,
testing of the leachate for the presence of tracers to access the performance of
the various leachate trench components was not possible. Instead samples were
collected from three adjacent monitoring wells and analyzed for dye tracers. The
analytical results of samples collected from monitoring wells in the trench vicinity
(20 to 100 feet) are presented in Table 1.

The presence of fluorescein dye in the adjacent wells can be explained by its
movement from the waste drums during the waste placement phase of trench
construction prior to installation of the lateral infiltration barrier. No strong
conclusion can be drawn from this singular analytical tool.

Table 1

Chemical Tracer Analyses

Location

Well 8W

Well UG-18

Well 14E

Date

3/11/86

1/21/87

11/10/87

11/11/87

ft/2/87

Fluorescein

110 ppb

17 ppb

92 ppb

0.3 ppb

3 ppb

Rhodamine

ND

ND

ND

ND

ND

Comments

Before
final
dewatering
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TRENCH WATER BALANCE
Information collected concerning leachate production, surface run-off from the

trench area and the volume of liquid collected in the subsurface drainage system
storage tank was used to form the basis of a water balance for the trench. The
remaining component of the water balance is water lost by evaporation and plant
transpiration. This later volume of water is extremely difficult to measure and is
generally calculated from the other components.

Measurement of the volume of liquid collected by the subsurface drain is also
helpful in determining the effectiveness of the "capillary" barrier formed by the
various layers of graded stone used in the trench cap.

A capillary barrier was created by installing gravel and/or sand layers of differing
particle sizes. The barrier is effective because capillary action predominates over
the force of gravity. Percolating liquid will penetrate the coarser material only
after the overlying finer materials are near saturation. As long as the pressure at
the coarse/fine interface remains negative (due to the adhesion of water to the soil
particle - the "capillary" effect), water will not cross the interface but will flow
laterally within the finer layer.

A capillary barrier was formed by installing the trench cap in the sequence shown
in Figure 3. The finer materials in the vegetative support soil layer and the
geotextile are underlain by the coarser 3/4" stone. Liquids infiltrating the surface
can follow three routes. These liquids can be evaporated while at the near surface,
be used by plants as a water source and transpired, or percolate to the capillary
barrier. At that point the percolating liquid moves laterally in the finer soil zone
in the sloped direction until the soil reaches near saturation. When the point of
saturation is approached, the capillary effect is overcome by gravity and the liquid
percolates to deeper materials.

Surface run-off was measured by passing the flow through a V-notch weir.
Precipitation was measured by use of a tipping-bucket rain gauge located near the
trench. Liquid which enters the trench surface moves vertically through the trench
cap vegetative support layer where it is stored and used by vegetation until the soil
in the capillary barrier nears saturation. When breakthrough occurs, the water
flows rapidly through the biointrusion barrier to a collection layer of 3/V stone
where it is redirected via a subsurface drain to a collection tank. This subsurface
drain is underlain by the cap infiltration barrier.

If the capillary barrier is effective, little water will collect in the subsurface
drainage storage tank. By rapidly removing the water from the subsurface
collection tank when breakthrough does occur, no standing water (hydraulic head) is
present on the bentonite infiltration barrier to increase flow through the barrier.

Table 2 is a summary of the data collected by the described systems. For the
period of time from when the cap was constructed until the wet season of 1987-88,
no substantial volume of liquid was found in the subsurface drain collection tank.
All liquids were stored, evaporated, or transpired by plant life from the time the
cap was completed until 3une 1987 when the soil zone reached saturation. At that
time the suction of the capillary effect was broken by the weight of the stored
liquids. Percolating liquids were collected by the subsurface drain. Through the
summer and fall of 1987, the demands of the plant and low rainfall kept deep
percolation (below the capillary barrier) to a minimum. Only during the wet season
of 1987-88, when both evaporation is low and no plant uptake is present, did deep
percolation recur.
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Over the period of record, less than one percent of the total rainfall to the surface
crossed the capillary barrier. Approximately 35% of the rain falling on the trench
surface exited via the trench surface drain. This would imply that the remaining
6k% of the rainfall was removed by evapotranspiration. Figure h illustrates the
completed cap construction sequence and the water balance over the time period
of monitoring.

CONCLUSIONS

Within the limitations of the method of performance evaluation, all components of
the trench appear to be functioning as designed. Of greatest significance is the
finding that no accumulation or significant production of leachate has occurred.
However, even if a moderate failure of the cap infiltration barrier had occurred, it
is unlikely that liquid would have infiltrated to the depth of the leachate collection
layer over the relatively short period of monitoring.

The capillary barrier appears to be limiting the deep percolation of infiltrating
rainwater to less than one percent. This deep percolating liquid appears to be
effectively intercepted by the subsurface collection and drainage layer in the cap.

Based on the results of the settlement monitoring program, no failure of the soil
beam has occurred which would impact the structural integrity of the trench cap.
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Watar Balance

Rainfall 100%
Surface Run-off -36%
Infiltration «1%
Evapo Transpiration 63%

Sidawall Infiltration Barriar

Vagatativa Support Zona

> Capillary Barrier

> Biointruiion Barrier

> Subsurface Drain
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Figure 4 Trench Cap Construction and Water Balance.



TABLE 2
SUMMARY OF TRENCH 50 WATER BALANCE

Year Rain
Rain Surface

Volume Run-off
Run-off Subsurface Subsurface
Percent Subdrain Percent

1987
January

February

March

April

May

June

July

August

September

October

November

December

1988
January

February

March

April

May

June

TOTALS

1.71"

3.41"

2.44"

4.04"

3.73"

3.84"

6.75"

2.50"

1.73"

0.47"

2.40"

6.27"

2.47"

3.35"

2.74"

3.84"

2.31"

1.07"

55.07"

2387

4760

3406

5639

5207

6840

9548

3475

2056

656

3350

8760

3450

4655

3810

5336

3210

1487

78032

893

1450

1699

3451

1541

1021

4567

520

520

0

303

3941

1203

2236

1249

2165

259

215

27233

37%

31%

50%

61%

30%

15%

48%

15%

9%

0%

9%

45%

35%

51%

33%

41%

8%

14%

35%

-

-

-

-

63.5

-

-

-

-

-

-

39.0

80.2

145.7

116.0

-

-

444.4

-

-

-

-

0.9

-

-

-

-

-

-

1.1

1.7

3.8

2.2

-

-

0.6

All units cubic feet except where noted otherwise.
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TEST PROGRAM FOR CLOSURE ACTIVITIES
AT A MIXED WASTE DISPOSAL SITE
AT THE SAVANNAH RIVER PLANT

James R. Cook and John P. Harley, Jr.
E. I. du Pont de Nemours and Company

Savannah River Laboratory
Aiken, SC 29808

ABSTRACT

A 58-acre site at the Savannah River Plant which
was used for disposal of low-level radioactive
waste and quantities of the hazardous materials
lead, cadmium, scintillation fluid, and oil will be
the first large waste site at the Savannah River
Plant to be permanently closed. The actions
leading to closure of the facility will include
surface stabilization and capping of the site.
Test programs have been conducted to evaluate the
effectiveness of dynamic compaction as a
stabilization technique and the feasibility of
using locally derived clay as a capping material.

INTRODUCTION

A large 58 acre site at the Savannah River Plant, which has been
used for the disposal of radioactive and hazardous waste is
scheduled to have final closure completed by December 1990. Two
large scale tests have been designed and executed to support closure
activities. One of these, the dynamic compaction program, was
planned to determine if the dropping of large weights from great
heights would be effective in reducing future settlement beneath the
closure cap. The second test, the test cap program, was designed to
determine if locally available clay material would be suitable for
closure cap construction.

DYNAMIC COMPACTION TEST

The SRL Dynamic Compaction Test. Program involved testing of eight
trenches containing waste of different ages and various types.
Approximately 110 individual points were subjected to dynamic
compaction, and a total of about 3 500 drops were made. The
following sections describe the tests briefly and present some
observations and preliminary recommendations from the test based on
these observations. Additional field data (penetrometer tests and
clay cap bridging experiments) and detailed geotechnical analysis
of the dynamic compaction test results are forthcoming.
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Test Description

An initial test was made just outside the disposal facility on
undisturbed natural terrain. The test was used to provide baseline
compaction data and to dry run the test procedure. Inside the
facility tests were run on: 1) three Low-Lavel Beta-Gamma trenches
filled with loose waste in the years 1973, 1979, and 1982, 2) a
trench containing the same type of waste contained in 96 cubic-foot
metal disposal boxes which were randomly emplaced in 1984, 3) one
Intermediate-Level trench filled in 1978, 4) one Low-Level Alpha
trench also filled in 1978, 5) point drops on areas between
trenches, and 6) single point drops on a 1975 and a 1978 Low-Level
Beta-Gamma trench. A soil blanket two feet in thickness was placed
on top of each trench before drops were made to minimize the
potential for release of radioactivity. Weights of 6, 13, and 20
tons were dropped from 10, 30, and 42 feet. The 6 ton weight and
the 10 foot drop height were included in the test design mainly to
check out the equipment and were eliminated early in the test
program.

Criteria were developed during the test to determine when an
individual hole was to be considered completed. Rejection was
defined as that point when a weight failed to advance more than one
inch per drop. Health Protection defined maximum depths of eight
feet in the Low-Level Beta-Gamma trenches, six feet in the metal
disposal box trench and four feet in the both Intermediate-Level and
Alpha trenches. With the agreement of Health Protection four holes
were driven to maximum depth beyond the eight-foot limit in the 1982
Low-Level Beta-Gamma trench. A procedure to place and drive soil
columns was developed to advance holes once the maximum depth
criteria had been met.

The test design called for single point drops for each weight and
height combination. The results of these were used to determine the
most effective height for each weight, and a pattern spanning the
full width of the trench was made using that combination.

In the latter parts of the test individual holes were backfilled
using a controlled procedure in which soil was added in lifts and
each lift was tamped with a weight. This procedure was used both to
backfill a finished hole and to prepare a soil column in order to
continue driving once a depth criteria had been reached.

Portable seismic monitoring equipment was used in several locations
to measure the amount of ground motion produced during the test. The
equipment was set up in different arrays in order to measure both
the vertical and horizontal components of the ground motion and its
attenuation with distance.

Observations

o The entire test program was continuously monitored by Health
Protection. At no time were radiation releases noted or were
personnel or equipment exposed to radiation levels above
background. Material which appeared to be waste was exposed in
only one trench.
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The first five to ten drops at each location produced the
greatest rate (-4" per drop) of induced subsidence, probably due
to compaction of the soil blanket. After those initial drops the
weight progressed more or less uniformly until test criteria were
met. The greatest percentage of overall compaction was achieved
with 25 to 30 drops.

The 13 ton weight produced a greater static loading than the 20
ton weight (920 versus 800 pounds per square foot) because it had
a smaller diameter. Because of this, the 13 ton weight generally
produced the deepest and greatest rate of soil penetration. Drop
height was limited to 42' due to crane size and choker length.
Drop velocity was also affected by cable arrangement and the
crane's cable take-up drum's operation. As expected, as the
energy applied to a location was increased, the rate of soil
penetration increased. In all cases, the 42 foot drop height was
considered most effective and was used for the full-width
patterns.

In general, there was greater variation in hole depth along
individual trenches than among trenches of different waste types
or ages. In waste trenches, final depths ranged from just a few
feet to almost 14 feet.

o The test on the trench containing randomly emplaced 96 ft3

disposal boxes was conducted in an area having considerably more
overburden than the other sites. The test results here were the
most variable. It is not clear whether the variability resulted
from the nature of the waste (randomly placed boxes) or the
thickness of the overburden. Dynamic compaction seemed to affect
larger areas of this trench than observed elsewhere, possibly due
to greater waste-to-waste interaction.

o Backfill material added to a hole was suitably compacted by three
drops of the weight and height being used at the time to advance
the hole.

o Seismic energy levels were quite low and were attenuated rapidly.

Discussion

Dynamic compaction significantly increased trench densities and
would improve the integrity of a clay closure cap. Geotechnical
questions that remain include: 1) How much compaction is needed to
support a clay cap, 2) How best to achieve this compaction, and 3)
Where compaction is needed.

Variables which must to be considered in performing dynamic
compaction include: impact force (weight and drop height), drop
pattern, and amount of overburden over trench waste. Since no
incidents occurred where the weight broke through the trench cover
and fell into voids in the trench, impact force should be the
maximum allowed considering crane capacity and crane maintenance
(maintenance increases with increased work), while maximizing the
surface area affected.
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Drop pattern is determined by how much compaction is needed to
provide support for a clay cap and the ability of a clay cap to
bridge voids. Initial indications are that clay caps of the type to
be used on this facility will provide sufficient structural strength
to bridge 5 feet. A consultant has been contracted to quantify
physical properties of the clay cap to be used on the facility.
Analysis of this data, along with soil penetrometer test results ,
and detailed geotechnical analysis of the dynamic compaction test
data will help define how much compaction is enough and drop pattern
for a full-scale program.

The dynamic compaction test indicated that the densities of all
types of waste trenches could be improved. The trench containing
randomly placed metal boxes appeared to be the most significantly
affected based on trench surface cracking and large areas of
depressed trench surface observed during the test. This could be
due to the large voids which exist in most metal disposal boxes.

The soil blanket used in the tests reduced the effectiveness of
dynamic compaction and should be minimized based on geotechnical
data. However, concerns with personnel safety and environmental
protection clearly override geotechnical criteria. Although no
contamination release occurred during the tests, it is felt that
significant risk exists to warrant controls to minimize both the
consequences and potential for such a release. Health Protection
has been asked to provide their suggestions for these controls
(i.e., use of soil blanket, protective clothing, maximum penetration
into trench, etc.) for production scale dynamic compaction.

Results

A program for dynamic compaction within 643-28G could consist of
driving a series of soil columns in each trench. The columns would
be driven on 15 foot centers down the center line of the trench by
dropping the weight a fixed number of times. The resulting holes
should be backfilled in lifts, with each lift compacted by three
drops of the weight. This procedure is based on: 1) the assumed
ability of a clay cap to bridge 5 feet voids, 2) separating drop
points so that hole to hole interactions are minimized, thus
maximizing the rate of compaction, and 3) standardizing the number
of drops required at each location so that contract specifications
and vendor quality assurance plans can be simplified.

These columns should be made using a weight with a diameter of 10
feet weighing at least 37 tons (-920 lbs/ft) dropped from a height
of at least 42 feet. This would assure that the full-scale program
would impart at least as much energy into the trenches as the
maximum used in the test.
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The requirement for a two-foot thick soil blanket over trenches to
be compacted should be maintained for the Intermediate-Level and
Alpha trenches because of the increased risk of a release or
contamination incident from them. No additional blanket should be
placed on areas with two feet or more of overburden already exist.
Holes resulting from dynamic compaction should be limited in depth
to the amount of overburden (includes soil blanket plus backfill).
This would minimize the potential for the weight contacting or
exposing trench waste.

TEST CAP PROGRAM

About 90% of the U. S. production of kaolin clay comes from
sedimentary deposits along the Fall Line in Georgia and South
Carolina. Aiken County, in which about one-half of the Savannah
River Plant is located, is a major kaolin district along this trend.
Approximately 300,000 cubic yards of clay material will be needed to
construct the closure cap over the waste management facility. The
ready availability of large quantities of clay material of less than
commercial quality (slightly off-color) led to a test program to
evaluate locally produced kaolin for constructing low-permeability
(saturated hydraulic conductivity less than 10~7 cm/sec) caps.

Test Description

The test cap program involved the construction of nine large-scale
test caps using kaolin from four local clay pits owned by three
different companies. Three of the deposits were Tertiary in age,
and one was of Cretaceous age. Approximately 2500 tons (about 100
truck loads) of each clay type were delivered to the test cap site
and stockpiled.

As the clay was being mined bag samples were collected and taken to
a laboratory, where standard Proctor compaction tests, Atterberg
limits and percent fines determinations were made. Water contents
were determined for samples from every second truck load of clay as
the were delivered to the test cap site. The results of these tests
are shown in Table 1. The data were used to select water contents
to be used in the test cap construction.

The test plan called for a test cap to be built from each clay type
at optimum and two percent wet of optimum moisture content. In
order to bring the clay to the desired moisture content the material
was spread in a conditioning area in layers six to nine inches in
thickness. Here the clay was mixed with water using alternate
passes of a water truck and a portable recycler. Once the desired
amount of water was mixed into the clay, the area was covered with a
plastic sheet and allowed to cure overnight.

The clay was the transported to the test cap using a self-loading
scraper and graded into eight inch lifts with a motor grader.
Tamping-foot compactors were then used to compact the lifts. Each
lift was surveyed in order to determine the lift thickness. To
complete each panel they were rolled smooth using a vibratory drum
compactor.



After each test panel was finished a series of quality control test
were run. These included nuclear density measurements, control
density tests using the sand cone method, one point compaction
tests, Atterberg limits, and percent fines, as well as a full
standard Proctor compaction test. In addition a series of Shelby
tube samples were taken for laboratory determination of
permeabilities.

In the center of each test cap a sealed double-ring infiltrometer
was installed to measure in-situ permeability. Tensiometers were
installed a various depths inside the infiltrometers in order to
observe the wetting front beneath the instrument. Once the wetting
front had passed eighteen inches in depth permeability measurements
were assumed to be made on saturated material.

Results

All of the Tertiary clays installed at 2% wet of optimum showed
saturated hydraulic conductivities of less than 1 x 10~7 cm/sec.
The Cretaceous clay had a much higher silt and sand content (-25%)
and reached a saturated hydraulic conductivity of 3 to 4 x 10~7

cm/sec.

CONCLUSIONS

The dynamic compaction test showed that the potential for
future subsidence exists throughout the waste disposal
site. The areas of greatest concern are those trenches containing
metal disposal containers. A program to drive soil columns along
trench center lines using larger weights dropped from greater
heights than used in the test would be a cost-effective method to
provide adequate support for the final closure cap.

The test cap program demonstrated that a cap can be constructed with
locally available materials and meet the regulatory requirement of a
saturated hydraulic conductivity of 10~7 cm/sec. The scale of both
tests was large enough that the actual type heavy equipment to be
employed in site closure was used, thus giving construction
personnel "hands-on" experience prior to actual site closure.

The information contained in this article was developed during the
course of work under Contract No. DE-AC09-76SR00001 with the U.S>
Department of Energy
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Table 1. Kaolin Properties Summary

AVERAGE RANGE
STANDARD STANDARD AVERAGE RANGE
PROCTOR PROCTOR STANDARD STANDARD

Kaolin Type

Tertiary 1

Tertiary 2

Ternary 3

Cretaceous

Ul

AVERAGE
w

21.1

23.5

22.4

25.9

w n

Wp

'P
Yd

RANGE AVERAGE

18.8-25.2 66.

19.7-27.1 69

19.5-27.2 68

22.9-29.2 51

Abbreviations

RANGE

56-73

58-75

55-73

39-60

= Natural Water Content

= Liquid Limit

= Plastic Limit

= Plasticity Index

= Dry Density

AVERAGE

31

32

32

32

RANGE t
Wp

29-34

25-40

28-36

25-37

AVERAGE

35

38

35

20

RANGE

\

26-42

31-44

27-41

13-25

AVERAGE
%fine

(<#2O0 Sieve)

93

98

95

73

RANGE 1
% Fines

(<#200 sieve)

91-96

94-100

93-99

5">-38

MAXIMUM
Yd

(PCF)

92.3

93.0

93.3

101.3

IflnAnWwlVI

Yd
(PCF)

89.4-95.6

90.6-96.6

91.4-96.6

P-.3-105.7

PROCTOR
wopt

27.4

26.8

26.6

20.2

PROCTOR
Wopt

25.5-29.5

242-29.2

24.7-28.4

16.8-23.5

wOpt = Optimum Water Content



ENVIRONMENTAL MONITORING GUIDANCE FOR

DOE ORDER 5820.2A, CHAPTER IIIa

Max R. Dolenc
Idaho National Engineering Laboratory

EG&G Idaho, Inc.
Idaho Falls, Idaho 83415

ABSTRACT

The Defense Low-Level Waste Management Program (DLLWMP) is preparing
guidance to support the requirements outlined in DOE Order 5820.2A,
Chapter III, "Management of Low-Level Waste." One of these documents is
the Environmental Monitoring Guidance. Environmental monitoring is
required for all operational and nonoperational treatment, storage, and
disposal facilities to ensure that the facility conforms to all
appropriate DOE orders. An adequate environmental monitoring program must
be designed to measure key parameters that may affect both short- and
long-term site performance. These parameters include measuring both
chemical and radiological releases in surface soil, air, surface water,
flora, fauna, and subsurface soil and groundwater, both in the saturated
and unsaturated zones.

The monitoring program must be capable of detecting performance trends in
sufficient time to allow corrective action before the facility exceeds
performance objectives. The program should also provide the data input
necessary to evaluate the performance assessment of the facility. This
paper outlines the approach being planned to accomplish these tasks.

a. Work supported by the U. S. Department of Energy Idaho Operations
Office under DOE Contract No. DE-AC07-76ID01570.

96



INTRODUCTION

The environmental monitoring of waste management systems is a critical
activity in assessing the overall performance of a total waste management
process. A monitoring program applies to any waste treatment, storage, or
disposal facility, be it operational or inactive. Preoperational
monitoring information is the primary source of background data.
Operational monitoring information is the basis for determining if
corrective actions are required in order for the facility to meet
performance objectives. After the facility has been closed, the
monitoring program will be the means by which management determines
whether corrective or remedial action is necessary to ensure maintaining
the performance objectives during the institutional control period.

The Defense Low Level Waste Management Program (DLLWMP) has been delegated
the responsibility for preparing guidance documentation on various
requirements of DOE Order 5820.2A, Chapter III, "Management of Low-Level
Waste." One of the more important documents necessary for implementing
the DOE Order is the Environmental Monitoring Guidance.

OBJECTIVES

The objectives of a guidance document for environmental monitoring of
waste disposal facilities are to aid DOE site operators in implementing
DOE Order 5820.2A and to develop guidance in the area of monitoring mixed
waste. These objectives will reflect not only the requirements of DOE
Order 5820.2A, but also other DOE orders and EPA regulations relevant to
the hazards involved in managing mixed waste. A secondary intent of this
project is to develop a companion document to the current low-level waste
management handbook "Environmental Monitoring for Low-Level Waste Disposal
Sites," (Ref. 1) which will provide monitoring personnel with some generic
approaches to apply to the mixed waste aspects of monitoring.

SCOPE

DOE Order 5820.2A, Chapter III, requires that all radioactive and mixed
waste, "in each operational and non-operational low-level waste treatment,
storage, and disposal facility shall be monitored by an environmental
monitoring program that conforms with DOE Order 5484.1 (Environmental
Protection, Safety, and Health Protection Information Reporting
Requirements)," and meets or.her requirements specified in the Order. By
inference, those other requirements include:

o) Protecting the groundwater resources consistent with federal,
state and local requirements

o) Managing inactive disposal sites in conformance with RCRA,
CERCLA, SARA

o) Meeting specific requirements related to migration, subsidence,
long-term performance

o) Ascertaining whether the waste facility meets the requirements of
draft DOE Order 5400.3 (Radiation Protection of the Public and
the Environment).

Therefore, the scope of the environmental monitoring guidance document is
to define the requirements for monitoring both chemical and radiological
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parameters in surface soil, air, surface water, and subsurface soil and
groundwater, both in the saturated and unsaturated zones, for all waste
treatment, storage, and disposal facilities. The guidance will address
monitoring requirements during the preoperational phase, the operational
phase, and the postoperational period. The program will also be designed
to observe disposal site parameters, such as subsidence, which may affect
long-term site performance. The program must be capable of detecting
changing trends in site performance before the need for corrective action
and be able to ascertain that effluent releases meet the requirements cf
Draft DOE Order 5400.3 for uncontrolled areas. In addition to other
specific items addressed directly in the Order, guidance in the area of
environmental monitoring for DOE Order 5820.2A must meet numerous DOE
Orders and EPA rules.

APPROACH

The approach being applied to respond to the scope is to:
o) Identify and document all appropriate regulations incorporated by

reference or inference into the requirements of the Order
o) Examine and document required monitoring methods as prescribed by

DOE orders and incorporated regulations
o) Prepare the guidance document as a companion to the current LLW

handbook on the subject, specifically providing guidance in the
area of mixed waste.

Draft DOE Orders 5400.3 (Radiation Protection of the Public and the
Environment), 5400.4 (Comprehensive Environmental Response Compensation
and Liability Act (CERCLA) Program), and 5400.5 (Hazardous and Radioactive
Mixed Waste Management) will be important elements that will need to be
reflected in the guidance. Pending approval of these orders, the DLLWMP
will use the draft versions of these orders to formulate the guidance for
environmental monitoring. The EPA rulemaking in the Title 40 Code of
Federal Regulations (CFR) Parts 261 through; 265 and draft Part 193 will
also be very important to the development of guidance for environmental
monitoring for DOE Order 5820.2A.

The planned environmental guidance handbook will not only cover the
monitoring of mixed waste, but will also update the old handbook (Ref. 1)
where needed. Rather than having two separate documents, it is possible
that the two handbooks .nay be consolidated.

Preparation of the new handbook will be under the direction of the Center
for Environmental Monitoring and Assessment. This group is located at the
Idaho National Engineering Laboratory to conduct research and technical
development on advanced and more cost-effective and environmentally
responsive monitoring and assessment programs.

The schedule for completion of the draft of this environmental monitoring
guidance document is May 15, 1989. The document will be submitted to DOE
Field Offices for review and comment, with an anticipated date for final
publication of August 1989.
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