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RADIOACTIVE MIXED WASTE _,,orvo_L"'_'""e^"

William G. Jasen

6 Westinghouse Hanford Company
P.O. Box 1970, MSIN N3-13
Richland, Washington 99352

J

Eric G. Erpenbeck
Westinghouse Hanford Company

P.O. Box 1970, MSIN G6-47
Richland, Washington 99352

INTRODUCTION technologiesfor the restoration of land and the creation of
facilities for other productive uses. The solid waste program

Various types of waste have been generated duringthe 50-year supports the site mission in many ways. The solid waste mission
history of the Hanford Site. Regulatory changes in the last 20 is to safely construct and operate the solid waste TSD facilities
yearshaveprovidedtheemphasisforbettermanagementofthese thatprotecthumanhealthandtheenvironment.

= wastes. Interpretationsof the Atomic Energy Act of 1954 (AEA),
the ResourceConservationand RecoveryAct of 1976 (RCRA), SYstems Approach tO Waste ManaQement
and the Hazardous and Solid Waste Amendments (HSWA) have
led to the definition of radioactive mixed wastes (RMW). The The goal of solid waste management is to provide a systems
radioactive and hazardouspropecties of these wastes have resulted performance approach to waste management that uses best-
in the initiation of special projects for the management of these demonstrated available technology (BDAT) and best management

- wastes. Other solid wastes at the HanfordSite include low-level practices. This approach stresses cradl_to-grav¢ mar.agcmcnt of
wastes, transuranic (TRU), and nonradioactive hazardous wastes, wastes. The intent is to "know your waste" before and as it is

generated and, to the extent practical, minimize the generation of
-- This paper describes a system for the treatment, storage, and wastes. For cxisthlg wastes and future generated wastes,

disposal (TSD) of solid radioactive waste. Waste disposal technology will be applied to safely store and treat the wastes.
criteria, known as the "Land Disposal Restrictions" (40 CFR The final outcome is a system that safely manages wastes in a
268), must be met before disposing solid waste in a landfall, manner that is protective of human health and the environment.

* Theserestrictions(40CFR 268)canbeconcentration-basedora

specified technology. In Washington State,the disposal criteria EVOLUTION OF DISPOSAL CRITERIAAND WASTE TYPES
for RMW are very strict. Currently, few RMWs meet the

= disposal criteria; therefore, these wastes must be stored until Psst Practices
treatment (i.e., specified technology) is available to condition the
waste for disposal. At the Hanford Site, the Central Waste Hanford Site contractors have buried radioactive solid waste
Complex (CWC) is designed to provide interim and long-term directly into shallow land disposal since 1944. They have
storage of RMW. When completed, the CWC will have the disposed waste from reactor operations, chemical processing and

.... tt_es, and other U.S.capacity to store more than seventy-five thousand 208-L (55-gal) separations, research and development "-':,," '
drums of waste. Departmentof Energy (DOE) programs. Cm:tamination in these

wastes consists of fmsion products, induced activation products,
- _;olidWast0 MIssion andtransuranicisotopes.Solid wastesoriginate frombothonsite

andoffsitegenerators.Currently,wastesaresegregatedbywaste
The Hanford Sit_ mission is to transform the site into the type and handled according to the regulatory criteria governing

Nation'smodel forexcellenceinenvironmentalmanagement, eachwastetype.

This mission will include demonstrating and anplying advanced



Waste Tvoes Waste Acceptance Criteria

The DOE Order 5820.2A (DOE 1988) defines the types of Solid waste receipts at the Hanford Site's solid waste TSD
radioactive wastes. Without regard to source or form, waste that facilities are governed by WHC-EP-0063-3 (WHC 1991). This

is contaminated with alpha-emitting transurani':m radionucLides document procedurally :,mplements criteria by which certain
with half-Lives greater than 20 years and concentrations greater RMW can be received. The main sections of this document

than 3,700 Bq/g (100 nCi/g), at the time of assay, is considered include TRU waste, low-level waste, RMW storage, and RMW
transuranic. High-level waste is the highly radioactive waste disposal. This document will be used as the basis for accepting
material that results from the reprocessing of spent nuclear fuel, ILMW for disposal in the mixed waste landfill.Q

including Liquid waste produced directly in reprocessing and any

solid waste derived from the liquid that contains a combination of Future Approach
TRU waste and fission products in co=_centrations requiring

• permanent isolation. As defmed by DOE Order 5820.2A (DOE Figure 1 depicts solid waste management in the year 2000.
1988), waste that contains radioactivity and is not classified as There are numerous planned facilities for the TSD of solid
high-level waste, TRU waste, or spent nuclear fuel or byproduct wastes. The goal of these TSD facilities is to provide safe,
material is considered low level. Test specimens of fissionable efficient, and regulatory-compliant management of soLid wastes.
material irradiated for research and development only, and not The preLiminary safety analysis report (WHC 1992) provides
for the production of power or plutonium, may be classified as safety analysis documentation to support trench construction.
low-level waste, provided that the concentration of transuranic
isotopes are less than 3,700 Bq/g (100 nCi/g). The Hanford Site Based on RCRA regulations, ali hazardous waste must either be

also manages z_3U and _6Ra as transuranic isotopes, treated by an appropriate technology or meet strict concentration
limits before being disposed in an RCRA-compliant land disposal

The DOE Order 5400.3 (DOE 1989b) defines the hazardous and unit (landfill). Currently, the Hanford Site stores wastes (see
mixed waste program. Under RCRA, "hazardous waste" Figure 1) until treatment and disposal units are available.
identifies a solid waste or a combination of soLid wastes that Further, a performance assessment (per DOE Order 5820.2A) is
because of its quantity; concentration; or physical, chemical, or driving the Hanford Site to severely restrict the use of shallow
infectious characteristics may (1)cause or significantly contribute trenches in the burial grounds. Current trenches do not meet
to an increase in mortality or art increase in serious irreversible RCRA leachate collection standards. Once the performance
or incapacitating reversible illness, or (2) pose a substantial assessment (PA) is complete, low-level waste disposal will further
present or potential hazard to human health or the environment be restricted. Barriers similar to RCRA liners will be used in

when improperly treated, stored, disposed of, or otherwise disposal sites for disposal of longer-Lived radionuclides.
managed. Under RCRA, hazardous wastes are either

-z characteristic or listed. Characteristic wastes are wastes that MIXED WASTE DISPOSAL LANDFILL

exhibit the characteristics of ignitability, corrosivity, toxicity, or
reactivity; whereas, Listed wastes are those that are listed The purpose of the Mixed Waste Disposal Landfill is to provide
specifically by RCIL_ as hazardous. The U.S. Environmental disposal capacity on the Hanford Site for solid RMW. Figure 2

Protection Agency (EPA) has delegated its authority (in the provides a conceptual picture of the landfall. The landfill is
RCRA), thus allowing individual states to manage hazardous designed to handle both contact-handled and remote-handled
waste programs. Washington State hazardous waste regulations waste. The landfill would be limited to constraints developed as
are codified in the Washington Administrative Code 0NAC), part of PA modeling effort. The PA will determine the upper
Section 173-303, "Dangerous Waste Regulations." Washington bound for the allowable concentration of radionuclides in the
State regulations are more restrictive than the federal RCRA waste for shallow landfill disposal.

" regulations and cause many more wastes to be regulated. These

wastes are called dangerous wastes in the state of Washington. L,andfill Desi,,qn

The DOE Order 5400.3 (DOE 1989b) defines the hazardous and The RMW landfill is designed to meet all applicable state,

mixed waste program. The RMW is waste that contains both federal, and local regulations (40 CFR 260-265, DOE 6430. lA
radioactive and hazardous components regulated by the AEA and [DOE 1989a], and WAC-173-303). The landfill is designed to

: RCRA, respectively. The term "radioactive component" refers contain the waste as well as prevent leachate from reaching the
only to the actual radionuclides dispersed or suspended in the environment. Excavation of the landfill will be approximately

waste substance. The radioactive and hazardous waste 52,753 m3 (69,000 yd3). The landfill footprint at subgrade is
regulations provide an interesting dual regulatory climate that has approximately 1.32 hectare (3.27 acres) and at the floor it is
necessitated a number of changes to waste management practices, approximately 0.23 hectare (0.57 aere) or 76 x 30 m (250 x 100

-- The remainder of this paper describes the management of mixed 1_). The excavated depth to subgrade will range from

wastes disposal, approximately 10.4 m (34 t_) at the west end of the floor to about
-- 11.3 m (37 ft) at the east end. The depth varies so that any

-- potential leachate will be collected at one end of the facility
known as the sump collection weil. Control of leachate

_





Figure 2. Project W-025 Mixed Waste Disposal Facility Concept.



infiltration is achieved by a multilayer liner system consisting of Under this method, samples of geosynthetic materials and lab
a soil-bentonite mixture (admix with 11-14% sodium bentonite), samples of compacted admix were immersed in a synthetic

geosynthetic liner materials, and a leachate collection and leachate at temperatures of 23 and 50 °C. A portion of the
removal system, geosynthetic samples are removed at intervals of 30, 60, 90, and

120 days and are tested to determine any changes in physical and

The multllayer liner system from bottom to top can be seen in mechanical properties. For this specific project the standard EPA
Figure 3 and consists of 0.95 m (3.1 ft) of admix (with 9090 test procedure was modified; some samples were irradiated
permeability of 1 X 10-7 em/s or less), 1.52 mm (60 mi]) flexible while immersed in the leachate to simulate the effects of the
membrane liner high-density polyethylene (HDPE), 5.03 mm radioactive component of RMWs. The irradiated samples were

" (198 mil) geonet, 4.7 mm (185 mil) geotextile, 0.61 m (2 R) of exposed to gamma radiation for a period of about 2 hours and
drainage gravel, 4.7 mm (185 mil) geotextile, 0.46 m (1.5 R) received a total dose of 50,000 rad, which is considerably higher
additional admix (on floor only), another 1.52 mm (60 mil) than the actual expecteg dr;so. The important question is "Does

, flexible membrane liner, 5.03 mm (198 mi.l) geonet, 2.41 mm the thermal loading caused, by the radioactive constituents of the
(95 rail) geotextile, 0.30 m (1 ft) of drainage gravel, 2.41 mm waste, or the radiation itself cause the liners to deteriorate?" In
(95 rail) geotextile, and 0.91 m (3 ft) of operational backfill both the irradiated and nonirradiated cases, the HDPE showed no
(soil). On the slopes of the landfill, the flexible membrane liner statistically significant change in the properties of the liner

is textured on both sides to mitigate sliding between the liners materials, and temperature changes caused by the radioactive
and the subgrade (slope failure). Drainage gravel is not used on component is anticipated to be less than 1 °C. Additionally, lab
the side slopes, a geocomposite act in piace of the drainage permeability (flexible wall permeameter) testing using the same
gravel. Geocomposites consist of a geonet with a layer of synthetic !eaehate was conducted on samples of compacted admix,
geotextile thermally bonded to each side of the geonet, as an added level of assurance (not required). Based on the result
Geotexti/es perform separation, filtration, and cushioning, of this testing, the admix showed a significantly higher
Geonets provide a redundant drainage system in combination with permeability to synthetic leaehate than to site water. However,
the drainage gravel. Transmissivity (7.2 gal/min/t_) is the admix containing 12% bentonite clay showed a permeability to
primary selection criterion for geonets. The flexible membrane leachate that was three to ten times (varied between samples)
liners in conjunction with the admix provide a physical lower than the regulatory acceptance criteria of 1 x 10 .7cm/s.
containment barrier of potential leachate to the environment. The

operations layer provides a protective layer for the underlying Waste F a.cility Fill Plan
liners during waste placement and it minimizes the potential for
desiccation c,-_.,:k..ingof the primary and secondary admix liner by Engir,.eering studies will be completed to determine the optimal
acting as an insulator. Dessication cracking can occur under waste t'dl plan. Waste packages will be placed in the landfill by
geomembrane liners when either (1) the liner is not in tight forklift or crane and across the entire bottom layer of landfill.
contact with the admix and moisture leaves the admix to collect Once an entire layer or lift of waste packages have been

in the adjacent air space, and (2) the liner is subjected to wide emplaeed, a layer of soil or cement-like backfill will be used to
temperature fluctuations (i.e., freeze/thaw cycles), backfdl between and above the containers to provide an operating

surface for the next layer of waste, lt is expected that three to

Project Schedule four tiers of waste will be accommodated. Each lift is emplaced
completely before initiating a subsequent lift so that the driving

_ The RMW landfill is scheduled to be constructed during 1994. forces of emplaeed waste on the slope do not exceed the resisting

Trench excavation will occur early in the year. Installation of the forces of the waste on the floor and possibly initiate a slope
geomembranes and liners will occur during the dryer warmer failure. The void areas between each layer of waste and between
months because of the temperature-sensitive nature of liner waste containers will be filled with soil or cementatious backfdl.

__ ,, installation. The operating life of the landfill is a maximum of The purpose of the backfill is to provide a stable waste matrix ill
- 20 years, with a 50-year design life. A 30-year postclosure the trench and protect the waste packages while providing a

period is planned after the trench is ftlled. Actual landfill life working surface for equipment and subsequent lifts. Some
will depend on the rate of waste emplacement, commercial names for the cementatious backfdl are Controlled

I' Density Fill (CDF) or K-Krete. The CDF is essentially a low-

9_090 L!nor Test strength concrete composed of fly ash, portland cement,
aggregate, and water, lt was developed by engineers at Detroit

The proposed geosynthetic and admix liners for the RMW Edison who sought to fred a use for fly ash, a byproduct of their
- landfill were tested for chemical resistance to synthetic leachate coal burning power plants. At the Hanford Site CDF is being

in accordance with EPA method 9090 (EPA 1986). The goal of evaluated, and fly ash from the two coal-fired steam plants are

41 this testing is to ensure the regulators (and liable company) that being considered. Assuming the fly ash can be used as part
of

the proposed liners wil_ not be affected by any potential leachate, the cementatious mixture it would eliminate or reduce the

if the drums were to bre_eh over the operating life of the facility, problem of disposing of fly ash, a "good" waste minimization
The synthetic leachate (pH = 9.2) is developed based on the program.

- packaging approaches, including stabilization agents of which the
- anticipated waste streams are to be disposed of in the landfall.

-



Figure 3. Double Liner/Leachate Collection System Detail.
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Leachate Collection and Handlin(i Part A and B Permit application submitted to Washington State
for dangerous waste operations in the Low-Level Waste Burial

The leaehate drainage system is designed to be capable of Grounds of which the RMW landfill is a part.
collecting and removing leachate from precipitation while the
landfill is operationai and/or from potential leachate collected The RCRA Part B permit provides documentation for disposal
after closure. Leachate is routed to the east end of the trench of RMW at the Hanford Site. Currently, the Hanford Site is

where a leachate collection well is located. A low-capacity pump covered by RCRA interim status regulations. Construction and
is used to remove leachate to a storage tank. The le.achate operation of the RMW disposal landf'tll will be initiated under
collection and removal system consists of two submersible interim status. Once the regulators approve the Low-Level Burial1¢

pumps, a high capacity pump (worst-case rain storm), a transfer Grounds Dangerous Waste Permit Application, the Hanford Site
pump, and a 37,900-L (10,000-gal) collection tank. will have f'mal operating status for waste disposal.

Approximately 67 m (220 linear feet) of 20 em (8-in.) HDPE
• pipe (removal piping), 378 m (1,240 linear feet) of 10 cm (4-in.) The Final status permit requires that landfill owners and

perforated (collection piping) HDPE pipe, and approximately 488 operators strictly follow the permit. In addition to what was
m (1,600 linear feet) of 10 em (4-in.) or smaller HDPE submitted in the permit application and the requirements under

(collection piping) pipe will be used for the collection and interim status, the state may add special conditions to the per=nit.
removal of leachate from the landt'tll. Cleanoutpipes (10-era These conditions can severely limit the operation or add
[4-in.I) will be installed to minimize the potential clogging of the administrative controls.
removal and collection piping.

RADIOACTIVE MIXED WASTE DISPOSAL CAPACITY

C.Iosure Design and Post C!osure. MonitorinQ
Currently, permitted RMW disposal capacity does not exist on

The location of the RMW disposal trench is within the 218-W-5 the Hanford Site. Since national RMW disposal capacity is also
burial ground. This landfill is in the vicinity of past waste limited, it is appropriate that a landfill be constructed at the
disposal activities and future or planned waste management Hanford Site. Onsite disposal capacity further eliminates the risk

activities. Closure of this landfill will be accomplished as part of and expense of offsite transport of regulated wastes across public
closing a larger area of adjacent contiguous burial grounds, access transport corridors.

The cover design will comply with the requirements for The solid waste program provides a 30-year forecast of solid
dangerous waste disposal as defined in 40 CFR 264 and WAC waste volumes by waste type. Environmental restoration and
173-303. The cover will be designed to eontrol water inr'titration, cleanup of the Hanford Site is expected to take more than 30
At a minimum, the cover design will include a vegetative surface years. Environmental restoration and new programs at the

soil layer, a highly permeable gravel layer to remove water, and Hanford Site will generate solid radioactive waste for disposal
a flexible membrane infiltration liner with a soil-bentonite liner during this timeframe. The RMW is needed to support the

underneath. The slope of the cover has not been designed yet; it ongoing Hanford Site and solid waste missions.
may be a 33% (3H:IV), 25% (4H:IV), or 10% (10H:IV) slope
with riprap to minimize erosion. The slope of the cover will REFERENCES
affect the volume capacity; the higher the slope, the more volume

capacity. At a 2 or 3 % cover slope, wind and water erosion Atomic Energy Act of 1954, 42 USC 2011 et seq.
become a factor that must be considered, and the uppermost DOE, 1988, Radioactive Waste Management, DOE Order
surface must contain coarser material that will still support 5820.2A, U.S. Department of Energy, Washington, D.C.
vegetation. A drainage system around the cover will be used to DOE, 1989a, General Design Criteria, DOE Order 6430. lA,

'_ move any precipitation away from the cover. U.S. Department of Energy, Washington, D.C.
DOE, 1989b, Hazardous and Radioactive Mixed Waste

At closure, a radiological site survey will be performed to Program, DOE Order 5400.3, U.S. Department of Energy,

characterize the site grounds. This survey will be part of the Washington, D.C.
permanent decommissioning record. Leachate and groundwater DOE/RL, 1989, Low-Level Burial Grounds Dangerous Waste

monitoring will give an indication of the integrity of the liners Permit Application, DOE/RL 88-20, U.S. Department of Energy,
and closure cover. Leachate is not expected to accumulate in the Richland Operations Office, Richland, Washington.
landfall after closure. Monitoring of the landfill will be EPA, 1986, "Method 9090, Compatibility Test for Wastes and

performed for at least 30 years after closure. Membrane Liners," in Test Methods for Evaluating Solid Wastes,
Vol. lA: Laboratory Manual, PhysieaUChemical Methods, SW-

PERMITTED MIXED WASTE DISPOSAL 846, 3rd Edition, U.S. Environmental Protection Agency,

Washington D.C.
The RCRA requires that cradle-to-grave management of wastes Resource Conservation and Recovery Act of 1976, as amended,

which require owners and/or operators of TSD facilities to obtain 42 USC 6901 et seq.
permits for continued operation of facilities. Document WAC 173-303, "Dangerous Waste Regulations," Washington
DOE/RL 88-20 (DOE/RL 1989) is an example of an RCRA Administrative Code, as amended.



WHC, 1991, Hanford Site Solid Waste Acceptance Criteria,
WHC-EP-0063-3, Westinghouse Hanford Company, Richland,

WashLngton.
WHC, 1992, Mixed Waste Disposal Facility Preliminary Safety

Analysis Report (Project W-025), WHC-SD-W025-PSAR-O01,
Rev. O, Westinghouse Hanford Company, Richland, Washington.

40 CFR 260, 1992, "Hazardous Waste Management System-

General," Code of Federal Regulations, as amended.
40 CFR 261, 1992, "Identifieation and Listing of Hazardousv

Waste," Code of Federal Regulations, as amended.
40 CFR 262, 1992, "Standards Applicable to Generators of

Hazardous Waste," Code of Federal Regulations, as amended.
• 40 CFR 263, 1992, "Standards Applicable to Transporters of

Hazardous Waste," Code of Federal Regulations, as amended.
40 CFR 264, 1992, "Standards for Owners and Operators of

Hazardous Waste Treatment, Storage, and Disposal Facilities,"

Code of Federal Regulations, as amended.
40 CFR 265, 1992, "Interim Status Standards for Owners and

Operators of Hazardous Waste Treatment, Storage, and Disposal
Facilities," Code of Federal Regulations, as amended.

40 CFR 268, 1992, "Land Disposal Restrictions," Code of
Federal Regulations, as amended.
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