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SITING, DESIGN, AND CONSTRUCTION

OF "CENTRE DE STOCKAGE DE L'AUPE"

Yves MARQUE, Deputy Director
P.aymonde ANDRE-JEHAN, Site Division Head

Agence Nationale pour la Gestion des D£chets Radioactifs

Paris - France

INTRODUCTION

Long-tern industrial management of radioactive waste in France is carried out by
the Agence Nationale pour la Gestion des Dlchets Radioactifs (ANDRA). ANDRA is in
charge with design, siting, construction and operation of disposal centers.

The solution selected in France for the disposal of low- and medium level, short-
lived radioactive waste is near-surface disposal in the earth using the principle
of multiple barriers, in rccordance with national safety rules and regulations,
and based on operating experience from the Centre de Stockage de la Manche. Since
the Center's start-up in 1969, 350,000 n 9 of waste have been disposed of.

The French national program for waste management is running on with the construc-
tion of a second near surface disposal which is expected in operation in 1991.

DEVELOPMENT OF THE PROGRAM

The decision to construct a second facility for the disposal of short-lived, low
and medium-level waste was publicly announced by the Secretary of State for Energy
on June 19, 1984, following approval by the government of the national radioactive
waste management program prepared by ANDRA.

In October 1984, the site selection phase was begun in the departments of Aube and
Indre, then in the department of Vienne, which are located in geologic zones
determined to be potentially favorable as the result of the site screening pro-
cess. In addition to these three zones, the territory of the Cholet commune, in
the department of Maine-et-Loire, was investigated at the unsollicited request of
the commune.

In July 1985, after having submitted a preliminary application file, ANDRA re-
ceived authorization to pursue its investigations in the department of Aube in
order to be in a position to submit a formal Request for Declaration of Public
Utility (DUP) and for a Request for Authorization to Create a Basic Nuclear
Facility (DAC), the latter focusing on technical and safety aspects, for a dis-
posal site in the summer of 1986.

These applications were submitted before the end of July 1986, and the relevant
Public Inquiry was conducted from September 20 to November 10, 1986.

On December 10, 1986 the Government's representative, the Prefect of Aube, trans-
mitted the Inquiry Commission's favorable decision to ANDRA, and on February 16,
1987, ANDRA officially responsed, within the prescribed schedule, to all of
written questions raised during the Public Enquiry.



At the same time, the Safety Advisory Committee responsible for long term radio-
active waste disposal, which met on January 26 and February 4, 1987, announced its
approval of the Preliminary Safety Analysis Report on February 11, 1987.

The DUP procedure was continued through an interministerial meeting held on
April 21, 1987. The minutes of that meeting, as well as the complete application,
were transmitted tc the Public Works section of the National State Council, which
ruled in favor of the Public Utility of the project proposed by ANDRA on June 26,
1987. Finally, the Public Utility Decree of the "Centre de Stockage de l'Aube"
(CSA), was signed by the Prime Minister on July 22, 1987, and published on
July 23, 1987.

During this preliminary phase, a very large public informtion campaign was conduc-
ted and the design studies were pursued in order to establish the preliminary
design of the disposal facility.

The publication of the DUP decree was the condition allowing ANDRA to buy the
land. The selling procedure was achieved in the middle of August 1987 and the
cleaning of trees started immediately, to be ended at the beginning of 1988. On
July 1988, the 3 miles access road and the main earthwork are nearly finished.

It is forecast to begin the construction of the different buildings in autumn 1988
and those of the first disposal modules in 1989. If the schedule is respected,
the center could be carried out at the beginning of 1991.

BASIC CRITERIA FOR SITING AND DESIGN OF CSA

Basic criteria for siting and design of the "Centre de Stockage de l'Aube", (CSA),
fulfil the Fundamental Safety Rule (n° 1.2) issued by the French Ministry of
Industry and concerning the performance criteria and the design bases for surface
facilities dedicated to the long term disposal of low- and medium level, short-
lived radioactive waste.

The underlying principle of near-surface disposal of radioactive waste is the
protection of the waste against man and water for the length of time necessary for
its radioactivity to decrease through natural decay to a level where it no longer
presents a risk to the environment. Three phases may thus be distinguished in the
life of a near-surface disposal facility:

- the operating period, during which the waste is received and emplaced in the
disposal unit. The amount of radioactivity disposed of increases to a maximum
level attained at the end of operating period;

- the institutional control period, during which the radioactivity decreases by
natural decay. Regular monitoring of the condition and effectiveness of the
disposal facility is conducted;

- the unrestricted site access period, during which there is no longer any radio-
logical impact associated with the use of the site.

The underlying principle mentioned above is applicable insofar as the length of
the institutional control period is determined to be acceptable on a human scale,
i.e., for several hundred years. In France, this period has been defined as a
maximum of 300 years. This implies that:

- the disposed waste contains primarily short-lived emitters;



- a maximum value is established for the total activity of waste disposed on site
at the end of the operating period.

The application of the principle relies on the use of a system of multiple bar-
riers between the radioactivity and the human environment. This system is gener-
ally divided into three main components, as follows:

- the waste package, including the physicochemical properties of the waste, the
characteristics of the embedding material, if any, and the performance of the
container;

- the disposal structures built at the facility to protect the waste package:
disposal cap, concrete pad, other concrete structures, etc;

- the site itself.

It is the combined efficiency of these three barriers that provides containment of
radioactivity in normal operating conditions, and that ensures that the conse-
quences of any reasonably foreseeable incident are acceptably low.

Using this logic, it is obvious that it is possible to apply particular effort to
a given barrier, depending on the available options and on the selected strategy:
a highly developed waste package permits the performance requirements for the
secondary barrier to be lessened. By the same token, a site that exhibits cli-
matic, geological and hydrogeological characteristics which are highly favorable
to the fixation or "containment" of radioactivity may lead to a lessening of the
performance requirements of the first two barriers. The flexibility of the
multi-barrier system is thus immediately apparent. Regardless of the options
selected, it is indispensable to install systems that are capable of following the
evolution of the disposal facility and of monitoring the effectiveness of the
barriers.

In France, the Fundamental Safety Rule mentioned above requires that the disposal
facility be inherently safe: in normal operations, environmental protection must
be assured through the reliability of the first two barriers alone, the geology of
the site intervening as a third barrier only in the event of an accident. In the
latter case, it must be proven that the site performance characteristics reduce
the radiological impact on the environment to an acceptable level for all credible
accidents.

SITE SELECTION

The application of the two design basis, i.e., waste isolation and limitation of
radioactivity levels, enable the two aims explained in the RFS:

- short- and long-term protection of the public and of the environment;

- an institutional control of a maximum of 300 years.

In terms of safety, the function of the site may therefore appear to be secondary.
In fact, the site is required to contribute an additional guarantee of the ad-
equate isolation of waste from water, which is the only foreseeable mechanism for
the transfer or radioactivity during the institutional control period. Further-
more, safety regulations require that the consequences of a radioactive release to
the ground be studied, even if everything possible has been done to prevent such a



release. In this case, the site must be able to mitigate a potential failure of
one of the barriers of the waste isolation system, by "controlling" the release of
radionuclides into the soil of the site.

The site selection criteria for Centre de Stockage de 1'Aube were as follows:

Elimination of incidents of natural origin

The site had to be safe from natural events that might adversely affect the waste
isolation system. It had to be located in a stable region. Its location had also
to be beyond the reach of potential landslides, tidal waves, floods, and any other
natural occurence.

Geology

The geological model chosen was an outcrop of sedimentary rocks in a smoothly land
area where it was possible to find a draining deposit covering at the topographic
summit a thick layer of impervious substratum. This model allows to set the basis
of the disposal modules into the dry part of the draining deposit and guarentees
the protection of deep underground water against possible infiltrated water
through the disposal.

Hydrology

Beds of rivers draining the area had to be located as well as possible below the
contact level between draining deposit and impervious substratum.

The general slope of the impervious layer has to be trained at the river draining
the area to be able to collect the quasi-totality of the underground water flow.

The site's hydrogeology must be uncomplicated and have favorable characteristics
in order to guarantee that any infiltrated water would re-exit the disposal system
at a short distance, and to be able to identify the exit location. In other
words, the water outlets of the site must be nearby and clearly identified.

Radiation monitoring at the water outlet thus constitutes overall verification of
the safety of the disposal facility. Abnormal amounts of radiation would be
detected at very low levels by highly sensitive monitoring equipment. Corrective
actions, if necessary, could be undertaken long before the situation constitutes
an incident.

Geochemistry

Certain natural materials have the property of retention of a certain proportion
cf ions when in the presence of water charged with these ions. A relationship,
called the distribution coefficient, allows the state of equilibrium between the
concentration in water and the concentration in the material of a given ion to be
known.

In the case where water charged with radioactive ions circulates over the ma-
terial, the sorption capability of the material can reduce the radioactive concen-
tration of the water and thus retard radionuclide migration. If this retardation
is sufficently long, many radionuclides will migrate only a short distance before
disappearing through radioactive decay.



Therein lies the Interest In selecting a site whose sub-surface layers contain
materials with a high sorption capability with respect to the radionuclides
contained in the disposal facility. In this regard, one of the most effective
materials is clay, which is present in most commun weathered rocks.

Modelling

The site must also feature simple hydrogeological characteristics that enable
modelling to be performed for safety analysis purposes.

SITE PROSPECTION

Preliminary studies based on existing documentation guided the research to
prospect the argillaceous outcrops all along the periphery of the Paris basin,
particularly in AUBE, INDRE, and VIENNE districts.

Without going into much detail, it should be pointed out that site searches
resulted in the development of precise geological maps relative to the following
areas:

- Aube: 60 km2

- Indre: 4 km2

- Vienne: 100 km2

The following activities, among others, were carried out in the field for the part
of the site selection phase involving all three sites:

- auger borings (5 to 25 m): 208

- piezometric drillings (5 to 25 m): 63

- borehole drillings (40 to 150 m): 10

- destructive drillings (80 to 210 m ) : 10

- geophysical-electrical borings: 209

- geophysical-resistivity trail: 42 km

- pumping tests: 157

- gauging stations: 35

From July 1985 to July 1986, additional field work carried out in Aube included
the following:

- auger borings (15 to 30 m): 240

- piezometric drillings (15 to 30 m ) : 80

- borehole drillings (80 to 100 m): 3

- destructive drillings (5 to 150 m): 14

- geophysical-seismic: 7 km

- geophysical-electrical borings: 66

- gauging stations : 2

- surface-geotechnical-penetrometers: 120

- deep geotechnical-pressure gauges: 400



THE SITE OF SOULAINES

Near surface SOULAINES1 area consists of a superficial 25-30 feet thick deposit of
sand covering a more than 200 feet thick cretaceous layer of clay, and adequately
follows the above model:

- no tectonic activity: the main earth tremor detected far from the site was of
low intensity (VI MSK),

- the stability of the ground is good and no risk of landslide is to be fore-
cast,

- hydrology is simple and can be easily simulated,

- underground water outlets are strictly localized and their capability for
dilution Is sufficient,

- geochemical characteristics present high sorption capability for cesium,

- the water table cannot reach the bottom of disposal modules.

DESIGN OF THE DISPOSAL

Capacity. The Centre de Stockage de l'Aube (CSA) has a nominal capacity of one
million cubic meters (30 millions cubic feet). Its size and the characteristics
of its principal equipments were established on the basis of mid-term waste
package delivery forecasts established by the waste generators. On the basis of an
annual delivered volume of 30,000 m3 (90 000 cubic feet), the facility's operating
period is on the order of 30 years.

Assumptions on Waste Package Receipts. The waste, delivered in the form of
packages that have already been approved by ANDRA, satisfies the acceptance
criteria imposed for surface disposal. It is transported in packages that conform
to the regulations for the transportation of hazardous materials, class 7B.

Each waste package bears a label that allows it to be identified (bar code or
radiolabel).

The maximum dose rate for waste packages that are delivered without removable
biological shielding is 200 mrad/hour.

Design Bases. The design for the Centre de l'Aube was developed according to the
recommendations set forth in the "Fundamental Safety Rule. N°» 1.2" decreed by the
Minister of Industry. Its construction meets the quality assurance requirements
stipulated in the ruling of August 10, 1984 and its relevant document.

The operating procedures take into account Decree 26-1103 of October 2, 1986
relative to protection against ionizing radiation.

The technical options retained result from the 19 years of operating experience of
the Centre de Stockage de la Manche.



The resources implemented reflect ANDRA's on-going commitment to the optimization
of the waste management system from the waste processing activities performed by
the generator to final waste disposal.

Finally, in order to improve the image of radioactive waste management in the eyes
of the public, and in accordance with the commitments made in the Environmental
Impact Statement that accompanied the Request for Declaration of Public Utility, a
landscaping design has been selected so as to facilitate the integration of the
disposal facility into the environment.

Technical Safety Criteria. The technical safety for the Centre de Stockage de
l'Aube fall into three main categories:

- those that concern the design of the waste isolation system;

- those that concern the selection of a site;

- those that concern the operations of the disposal facility.

Waste Isolation System

Waste isolation is provided by a combination of measures that prevent water from
reaching the waste in normal operating conditions, and that limit the quantity of
radioactive products carried out by the water in the event of accidental infil-
tration to a level that is sufficiently low such that any radiological conse-
quences are negligible.

By carefully selecting the disposal facility location, it can be placed outside
potential flood areas and above the highest level of the water table.

To ensure the integrity of the waste isolation system during the institutional
control period, ANDRA established duration and quality criteria for each of the
barriers of which it is composed, i.e.:

- the waste packages and the disposal units;

- the disposal cap;

- the water collection system.

Waste Package and Disposal Units. The waste isolation system must be inherently
safe for at least 300 years and must therefore meet the following conditions:

- provide sufficient mechanical resistance to ensure the stability of the disposal
unit and therefore of the supporting structure of the disposal cap;

- not exceed the annual leachable activity quantity (Q.A.L.) limit determined for
each radionuclide that is likely to be present. The Q.A.L. limit values are the
result of radiological impact studies performed relative to the disposal fa-
cility, and must remain within the allowable range during all phases of the
disposal facility and in all reasonably foreseeable circumstances.

If the waste package itself offers adequate inherent safety, it may be directed
toward a receiving structure consisting of a platform; the disposal unit that
contains waste packages of this type is called a tumulus.



If the waste package itself doesn't offer adequate inherent safety, it may be
directed toward a receiving structure consisting of pits; the disposal unit that
contains waste packages of this type is called a monolith; it provides the necess-
ary additional features needed to ensure inherent safety.

It is the association of the combined properties of the waste, its embedding or
grouting medium, and, in certain circumstances, its container and the components
of its disposal unit, that constitutes the primary barrier of the waste isolation
system.

In practice, the concrete drums that contain embedded waste, as well as the drums
and metal boxes containing very low-level grouted waste, are disposed of in
tumulus; other waste types (in perishable containers or non-embedded) are gener-
ally disposed of in monoliths.

Disposal Cap. Disposal units whose operations are completed are protected from
rainwater by a disposal cap that must be stable and sufficiently impermeable for
at least 300 years; the maintenance of this diposal cap must be reduced to a
minimum in normal operating conditions to the end cf the institutional control
period.

The Impermeability criteria translates into a limit on the average annual quantity
of water that may infiltrate through the cap. In order to meet this requirement,
the disposal cap is composed of several layers including, from the outside to the
inside:

- a planted layer whith a shallow root system, to prevent the drying and cracking
of the underlying impermeable layers, to resist gullying and erosion, and to
drain run-off water to the rainwater collection system;

- alternating layers of draining layers and impermeable layers to provide gravi-
tional draining of any infiltrated water toward the rainwater collection system.

The disposal cap is monitored and, if necessary, repaired in the event of deterio-
ration so that the other components of the disposal system are protected from
water and from thermal variations throughout the period of institutional control.

In this manner, the platforms and the pits that constitute the disposal structures
are protected from water. Nonetheless, safety requirements stipulate that
measures must be available to control any water that may infiltrate the disposal
facility.

Separative Water Collection System. The water collection systems used for water
that may have infiltrated the disposal system must be reliable for some 300 years;
a passive system was selected, which was designed and gridded in a manner that
permits a failure to be easily located.

To this end, any water that may have filtered through the disposal cap is col-
lected at the bottom of the disposal structures, and is directed by gravity toward
the monitoring basin. This water collection system is independent from the
rainwater collection system, and is called the Separative Water Collection System
(S.W.C.S.).



The concrete pads, which incorporate the water channels lading to the S.W.C.S.,
must also provide good mechanical resistance for 300 years, taking into consider-
ation the gravitational loads that they must withstand (weight of the disposal
modules and of the disposal cap, temporary excess loads during operations) and
ground movements (differential subsidence, earthquakes).

These considerations result in a modular design for the concrete pads, i.e.,
independent elementary slabs, each of which consitutes a platform or supports a
disposal pit with no rigid mechanical link to the support platform.

During the operating and institutional control periods, the water collected in the
S.W.C.S. is regularly sampled before release to measure the radioactivity and, if
necessary, for chemical and radioisotopic analyses.

These measurements are for the purpose of ensuring the Integrity of the waste
isolation system. If an abnormal level of radioactivity were detected as a result
of these checks, the leachate would be processed and packaged into a solid waste
form, and the origin of the contamination would be identified through the S.W.C.S.
and appropriate measures would be taken to limit or reduce this contamination.
Such measures could include, according to circumstances, the repair of the dis-
posal cap or the recovery of the faulty waste packages.

The reliability of each component of the waste isolation system (waste package,
disposal, pit, platform, cap, pad and water collection system) is ensured by the
establishment of a quality assurance system at the waste generators' facilities,
as well as at each step of the program (design and construction of disposal
structures), and for the duration of the first two phases of the disposal facility
life.

Protection of Waste Packages and Disposal Units in Operation. Experience at the
Centre de Stockage de la Manche pointed to the operating difficulties associated
with weather conditions and water management on site, since the separative water
collection system collects all the rainwater that falls in the disposal units
during open-air operations. The annual volume of water can be very high, with
occasional high peaks. The technical approach selected for the Centre de Stockage
de 1'Aube is to protect the disposal units during operations with a removable
hangar that is transferred to the next disposal unit upon completion of the first.
In this manner, the very high volumes of water that make their way to the separ-
ative water collection system are substantially reduced. The disposal units
operated in this manner look like buildings Inside which disposal operations are
conducted.

Worker Radiation Protection. The automation of handling operations is another
feature of the technical approach. These are made possible by sheltering the
disposal units during operations, which also enables working conditions to be
improved and integrated worker dose rates to be kept low.



PUBLIC INFORMATION

The choice of the nuclear option is for France a matter of economic necessity and
a government policy, yet it can succeed only if it is accompanied by concern for
public18 health and safety and public information.

In accordance with the law, with the French Government's instructions, and with
ANDRA'• commitment to openness, information of the site selection process and on
the project to develop a surface disposal facility has taken many forms, and has
been provided to the communities involved, to their elected officials, to various
services of the Government, to a variety of groups and associations, and in
particular to the public at large.

Among the activities organized by ANDRA's local information offices and staff
during the site selection phase (October 198A to October 1985), were the
following:

102 press briefings
A28 individual contacts
118 information meetings
88 on duty information commitee rooms
6 nuclear facility tours
1 information fair (15 days)

Public information in the department of Aube continued from October 1985 through
the submittal of the DUP application, through:

26 press briefings
185 individual contacts
35 information meetings
32 on duty information commitee rooms
1 nuclear facility tour
1 information fair (15 days)

Numerous brochures concerning ANDRA, waste management and the Centre de la Manche
were distributed (some 140,000 were printed) and explained. Five editions of a
journal entitled "ANDRA Info" were published (8,000 copies each) in November 1985,
March, July and September 1986, September 1987, and were distributed locally.

And finally, ANDRA was an active participant in the activities of the Information
Commission, which was created on July A, 1985 by a decree signed jointly by the
Prefect, who is the Government's local representative, and by the Chairman of the
Board of the department of Aube. This commission groups about 30 persons including
15 mayors of surrounding villages, 3 councillors of the District, one
representative of the County, presidents of Chambers of Trade, Agriculture, and
Craftsmen, delegates of Trade-Unions, protectors of nature, and association of
opponents.

It 16 important to underline •that information is carried on all along the
development of the construction phase.

TOTAL COST OF THE C.S.A.

The total cost of Centre de Stockage de l'Aube, including all actions carried out
since 1983 and forecast up to 1991, expressed in million US $ (1 US $ =
6 FF 1988), is detailed below:
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Site selection and qualification

Specifications. Quality assurance and control

Safety reports and licensing

Construction cost - Center
- Acces

- Railway Terminal

Engineering

Project management

Public information

ANDRA's overheads 1983-1991

Incentives

TOTAL 166.0 millions US $
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EVALUATION OF ALTERNATIVES
TO SHALLOW LANO BURIAL

AT THE RADIOACTIVE WASTE MANAGEMENT COMPLEXa

Fred Cerven

Idaho National Engineering Laboratory
EGAG Idaho, Inc.

Idaho Falls, Idaho 83415

ABSTRACT

Alternative waste disposal technologies were reviewed relative to
Nuclear Regulatory Commission (NRC) 10 CFR 61 low-level waste (LLW)
disposal criteria and the emerging DOE 5820.2 Chapter III criteria. The
intent of the review was to select a technology which would meet or improve
upon the disposal practices set forth in these regulations and oraers. The
evaluation of the disposal technologies yielded a disposal design which
incorporates three elements: an all earth cover, earth vaults for the
Class A (I) bottom discharge cask inserts, and a concrete vault for the
Class b and C (II and III) bulk waste.

INTRODUCTION

Alternative disposal technologies for application at the Radioactive
Waste Management Complex (RWMC) were reviewed relative to Nuclear
Regulatory Commission (NRC) 10 CFR 61 low-level waste (LLW) disposal
criteria and the emerging DOE 5820.2 Chapter III criteria. The goal of the
evaluation process was to select a technology for application at the RWMC
which met or improved upon the disposal practices set forth in these
regulations and orders.

Idaho National Engineering Laboratory (INEL) personnel who are
familiar with existing technologies and operational practices submitted
disposal designs, developed INEL relevant evaluation criteria, and
evaluated the designs against these criteria. These designs were meant for
application to a large excavation, specifically designated as Pits 17
through 20 at the RWMC.

Seven cover and eleven disposal schemes were submitted for
evaluation. The covers ranged from an all earthen cover installed in two
stages to multilayer designs which incorporated layers for capillary
transport of penetrating moisture to the cover periphery. Disposal designs
ranged from generic designs developed under the National Low-Level Waste
Management Program to those specifically tailored to bottom discharge casks
and oulk waste received at the RWMC. Evaluation criteria required that all
designs meet NRC 10 CFR 61 and emerging DOE 5820.2 Chapter III criteria.
Additionally, other criteria were included, such as maintaining current

a. Work sponsored by the U.S. Department of Energy under DOE Contract
No. OE-ACO7-76IDOlb7O.
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as-low-as-reasonably-achievable (ALARA) radiation exposure goals, utilizing
available space to the maximum extent possible, conducting all operations
in a single area, and minimizing costs.

NRC 10 CFR 61 and DOE 5820.2 Chapter III use classification systems
for LLW based on the degree and length of time that the waste would pose a
hazard. The innocuous wastes are classified as A by NRC and I by DOE
whereas the most hazardous are Classified as C and III, respectively. The
evaluation of the disposal technologies against these criteria yielded a
disposal design which incorporates three elements: An all earthen cover,
earth vaults for the Class A (I) bottom discharge cask inserts, ana a
concrete vault for the Class B and C (II and III) bulk waste.
Interestingly, none of the generic designs rated well enough to be included
in the final design.

Background

The RWMC currently disposes of LLW based on their LLW Acceptance
Criteria derived from DOE Order 5820.2 Chapter III. Some of the criteria
included in this document include radiation level, curie content, physical
packaging, container size, and container type. No consideration, other
than for criticality and heat generation, is given to disposal based on
isotope quantity and longevity. The NRC's 10 CFR 61 criteria's which is
used in regulating and siting of commercial LLW sites, defines disposal
requirements based primarily on radionuclide quantity and longevity. This
information is used to prescribe appropriate stabilization and disposal
practices to isolate the waste from man and his environment for the
requisite timeframe. DOE 5820.2 Chapter III, currently in revision, is
utilizing 10 CFR 61 as a point of departure and includes cost effective
disposal as an additional criterion.

Purpose and Scope

NRC 10 CFR 61, and the emerging DOE 5820.2 for LLW disposal facilities
both incorporate a classification scheme for separating relatively
innocuous LLW from that waste which needs greater confinement to minimize
the potential for radionuclide transport and inadvertent human contact. 10
CFR 61 classifies LLW into three classes: Classes A, B, and C. Class A
waste has the lowest radiation levels and curie content and presents a
minimal hazard to a hypothetical intruder after only 100 years. Class B
waste has higher radiation levels and curie contents but, because it is in
a stable waste form and recognizable as such, also presents an acceptable
hazard to an inadvertent intruder after 100 years. Class C waste will not
decay to levels which present an acceptable hazard to an inadvertent
intruder in 300 years, so stable wasteforms and an inadvertent intruder
barrier with an effective life of 500 years are required. Additionally,
DOE 5820.2 Chapter III stresses that LLW shall be managed on a systematic
basis, using the most appropriate combination of waste generation
reduction, segregation, treatment, and disposal technology so that the
radioactivity may be controlled and overall system effectiveness is
maximized.
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The objective of this evaluation is to:

1. Identify potentially acceptable LLW disposal designs for the RWMC.

2. Evaluate these alternatives against regulatory criteria and
criteria important to the RWMC.

3. Recommend a design or combination of designs which best meet
these objectives.

Criteria used for evaluation included not only the requirements set
forth in NRC 10 CFR 61 and the cost effective volume minimization
recommended in the developing DOE 5820.2 document, but additional items
such as subsidence control, minimization of water infiltration into the
waste zone, waste stability, and reduced operator exposure.

To meet these objectives, seven cover designs, five generic disposal
designs and six waste form and site specific disposal designs were
evaluated against the stated criteria. Results of the evaluation provide
preconcsptual designs for covers and disposal designs which are viable for
use at the RWMC. Future efforts will include limited scale testing and
eventual implementation of one of these designs for LLW disposal at the
RWMC.

COVER ALTERNATIVES DESCRIPTION

Seven basic cover designs were evaluated. Figures 1 through 3 show
examples of these covers. They represent one generic design plus a number
of covers that span the range of possibilities using readily available
local, natural materials. Each design description includes not only a
description of the materials but how they are seen as combining to meet the
objectives of a properly performing cover. These objectives are:

1. Minimize water infiltration.

2. Provide intruder protection for Class C waste.

3. Minimize animal intrusion.

4. Minimize vegetation root intrusion.

The evaluation effort, however, goes beyond these criteria. The above
criteria (musts) are the minimum required to allow further consideration.
Additional criteria (wants) included cost effectiveness, and material
availability. A complete list is provided in Table I.

With the exception of the natural soil design, all covers incorporate
a multilayer construction and some form of intruder protection in addition
to their 5-meter (16-foot) depth. Details of each design follow.

14



RWMC perimeter barrier

Remove Interior of
perimeter barrier as
necessary to accommodate
cover capillary action

7-4117

Figure 1. Illustration of a generalized multilayer cover design.

RWMC perimeter barrier,

-Vfe in. gravel loosely spread
on surface with vegetation

Remove interior of
perimeter barrier as
necessary to accommodate
cover capillary action

Fractured basalt boulders

Operational cover
Pits 17-20 looking north

Figure 2. Illustration of a multilayer civer utilizing native soil
and fractured basalt boulders.
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4 ft x 8 ft concrete slabs

Vegetation

RWMC perimeter barrier

Remove interior of
perimeter barrier as
necessary to accommodate
cover capillary action

Operational coverPits 17-20 looking north

/ > Waste zone

'////A
Figure 3. I l lus t ra t ion of a multilayer ccver with concrete slab cover.

Cover #1 Generalizeo. Multilayer Cover (Rogers & Associates Design)

This cover design, Figure 1 , is typical of generalized multilayer
covers in that each layer is included in i ts respective position to perform
a specific task. The top soil layer provides for rooting of native or
imported vegetation; the cobble layer l imits root ana animal intrusion
below i t s depth; natural oacKfil l provides bulk; sand provides a moisture
transporting layer; the clay is intended to be a moisture migration
inh ib i tor ; the second sand layer transports any moisture that permeates the
clay layer to the cover periphery; and the bottom layer of sandy gravel is
the i n i t i a l waste cover. Inadvertent intruder protection is provided by
the 16-ft total cover depth.

Cover #2 Multilayer Cover Ut i l iz ing Native Soil and Fractured Basalt
Boulders tLow-Level Waste lechnology Design)

This cover design, Figure 2, is another multilayer design, but
ut i l izes locally available materials to the maximum extent possible and
actually provides for double intruaer protection, the f i r s t being cover
depth, the second being fractured basalt boulders. As in Cover #1, each
layer is meant to perform a task. The strewn gravel and vegetation cover
are meant to minimize soil erosion from wind ana water by providing a thick
air boundary layer which enhances the deposition of naturally occurring
veyetation seeds. The natural soil layer provides for plant roots ana the
f i r s t moisture barrier leither due to impermeaoility or evapotranspirationJ.

7-41IS
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TABLE I , LLW DISPOSAL DESIGN EVALUATION

Wants Rank

9

5

#1

90

40

#2

90

50

#3

90

30

Covers

#4

90

35

#5

90

50

#6

90

50

#7

90

50

#1

9

15

#2

18

15

#3

27

25

#4

18

20

Disposal Designs

#5

CO 
O

r-i 
CM

#6 #7

81 90

50 50

#8

90

50

#9

90

35

#10

90

50

#11

90

50

Maintain current ALARA goals

Retain (as much as possible) '
existing handling equipment
type and size, and minimize
procedural changes

Amenable to conducting all 8 64 80 80 80 40 80 80 80 40 80 80
waste disposal operations in
a single area (pits 17-20,
for example)

64

0

40

0

64

0

40

10

64

10

80

25

80

25

64

25

40

25

64

50

80

50

Utilize available space to 8
maximum extent possible

Accommodate special (non- 5
standard size, shape, and
radiation level) shipments

Easily modifiable/upgradable 2 6 10 2 10 20 6 14 20 16 20 0 10 14 16 8 14 18 14
to accommodate future regula-
tion revisions

Allow stabilization/closure 4 8 12 28 32 40 16 12 40 40 40 12 20 40 40 40 40 40 40
"as you go" (cover and close
as modules are filled without
operational impact)

Include structurally stable 10 100 100 100 100 100 100 100 100 100 100 100
Class A waste (but not to
the extent of Class B and C)

Utilize readily available 5 5 20 35 35 50 25 25
local natural materials as
much as possible

Provide additional
barriers

Minimal costs

TOTAL:

Intruder 3

6

12

6

167

24

30

236

30

30

245

21.

48

271

0

60

310

15

24

226

24

42

257

36

348

54

363

30 54 54 6 36 24 6 60 60

386 354 336 476 517 481 390 552 564



The sand layer allows capillary action transport of any moisture that
premeates the soil cover to the cover periphery. Fractured basalt boulders
provide protection against inadvertent intruders and also provide a natural
barrier to root and animal activities. The lowest two layers of natural
soil provide a second moisture barrier and can be installed almost
immediately after disposal unit closure, providing for an unobtrusive cover
during site operations.

Cover #3 Multilayer Cover with Concrete Slabs (Low-Level Waste Technology
Design)

This cover design, Figure 3, is another multilayer design but utilizes
concrete slabs with native vegetation in the cracks between the slabs to
act as a moisture barrier and to provide for evapotranspiration,
respectively. With these exceptions, the cover is very similar in
construction and performance to Cover #2 above.

Cover #4 Multilayer Cover Utilizing Asphalt Pad Layer (Low-Level Waste
Technology Design

This cover design is essentially a single natural soil design which
utilizes naturally occurring local soil for all except the asphalt pad. In
this case, the asphalt pad as well as the "16-ft depth are the barriers to
inadvertent intruders, and a control against vegetation roots and burrowing
animals.

Cover #5 Native Soil Cover (Low-Level Waste Technology Design)

This cover design consists of an entire cover of natural soil.
Protection against inadvertent intruders, vegetation root, and burrowing
animals is provided by the depth of burial. Vegetation mitigates wind and
water erosion.

Cover #6 Multilayer Cover Utilizing Geotextiles (RWMC TOA Pad A Cover
Design)

This cover design, was originally proposed as the means of providing a
permanent closure for Pad A after stabilization. It employs a multilayer
concept which utilizes various layers to provide the requisite functions.
The vegetation and Armater Geotextiles provide for wind and water erosion
control; the topsoil provides for vegetation rooting; sand provides for
moisture drainage to the pad periphery via capillary action; and the soil
provides for bulk and the requisite 16 ft for protection against
inadvertent intruders. The Trevira Spunbound and Polyflex media provide
barriers to minimize mixing of the sand and soil layers.

Cover #7 Multilayer Cover With Cobblestone and Sand Layers (RWMC Multilayer
Biobarrier)

This cover design, is a multilayer design similar to Cover #2.
Protection against inadvertent intruders is doubly provided by depth of
cover and washed cobblestone. All other materials perform similar
functions as in Cover #2.



DISPOSAL DESIGN ALTERNATIVES DESCRIPTION

Eleven disposal designs were evaluated. Figures 4 through 6 show
examples of these disposal designs. They represent five applicable generic
designs, four designs aimed specifically at bottom discharge cask disposal,
and two bulk waste disposal designs. The bottom discharge cask disposal
schemes assume high radiation levels but are Class A waste. The bulk
disposal designs assume Class B and C wastes. These assumptions were made
because complete inventory information is currently not available. Future
evaluations may reclassify some of these wastes. For all disposal designs,
Class B and C wastes will be disposed of in stable containers as defined in
NRC 10 CFR 61.

For all designs, it is assumed that Class A waste will be disposed of
in a relatively stable form which minimizes voids between and inside
containers, but not to the rigor indicated in NRC 10 CFR 61 for Class B and
C wastes. All cover designs can be combined with each disposal option.
Final selection of disposal and cover options was dependent on their
performance in the evaluation process.

Each design was evaluated against criteria appropriate for each
disposal class. Additional criteria over-and-above those identified in
NRC 10 CFR 61 was considered.

RWMC perimeter barrier

Concept
• A in separate trench
(areas) from 8 and C

• Stability provided by
A, B and C reinforced
concrete containers

• Coven 16 ft
for B and C, 6 ft
for A

Pits 17-20 looking north

1 ft gravel

74171

Figure 4. Illustration of an unenhanced disposal unit.
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Disposal Design #1 Unenhanced Disposal Unit (Rogers & Associates)

A schematic representation of the basic (unenhanced) disposal unit is
shown in Figure 4. This alternative involves placing appropriately
designed waste containers in excavated trenches, backfilling voids between
the containers with sand or other suitable earthen material, compacting the
backfill material, and covering the waste with a cover or cap of earthen
materials. The salient features of this land disposal scheme are:

o Waste is disposed of belowgrade.

o There is an earthen cover over the waste.

o Voids between waste containers are backfilled with a
nonstructural material.

o Class A waste is disposed of separately from Class B and C waste.

o Provisions for collecting and monitoring water that infiltrates
the units are provided.

Disposal Design #2 Belowground Vault Disposal (Rogers & Associates)

Belowground vault disposal consists of placing the waste in engineered
concrete structures located in the RWMC pit. The structure consists of
reinforced concrete floors, walls, and roof. In addition, an earthen cover
is provided. The pertinent features of this disposal scheme are:

o Waste is disposed of belowgrade.

o Both an engineered concrete cover and an earthen cover are over
the waste.

o Provisions for collecting and monitoring infiltrated water are
provided.

o Structural stability is provided by the facility.

o Voids between waste containers are filled with nonstructural
material.

o Class A waste is disposed of separately from Class B and C waste,

o The top 6.5 ft of Class B and C waste cells are filled with sand.

The inclusion of both a concrete vault and earthen cover as barriers
enhances the ability of this disposal concept to restrict water
infiltration into the waste as well as to prevent human, plant, or animal
intrusion. Because the concrete vault is assumed to provide both physical
stability and protection against intruders, segregation of waste classes is
unnecessary. However, operational and safety considerations (i.e. ALARA)
suggest that separation be practiced.
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Vault detail

3 ft shielding
layer

Closure cap
either grout
or soil

Liner

30 ft

Soil or grout
backfill

Groul layer

30 ft

"Stabilized" (void minimized)
Class A waste

60 in.

18 In. v a u l t

vault

mm
7-4180

Figure 5. Illustration of augered basalt shaft disposal.
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Disposal Design #3 Modular Concrete Canister Disposal (Rogers & Associates)

Modular concrete canister disposal consists of placing individual
waste containers in modular concrete structures. For example, overpacking
the individual waste containers in shallow belowgrade pits is one concept.
Except for the use of the concrete canisters, the physical details of
belowgrouna modular concrete canister disposal closely resemble those for
shallow-land burial. Structural stability is provided by the steel
reinforced concrete canisters. Within each canister, grout is placed
between individual waste containers as backfill. Features of modular
concrete canister disposal are:

o Waste is disposed of belowgrade.

o There is a shallow earthen cover over the waste.

o Provisions for collecting and monitoring infiltrated water are
provided.

o Structural stability is provided by the facility.

o The structure is modular in nature.

o Class A waste is disposed of separately from Class B and C waste.

The inclusion of both a concrete canister and an earthen cover as
barriers enhances the ability of this disposal concept to restrict water
infiltration into the waste, and to prevent human, plant, and animal
intrusion. The concrete canisters also provide enhanced structural
stability over that provided by the unenhanced shallow-land disposal
concept (Disposal Design #1).

Because the canisters are assumed to satisfy all requirements for
physical stability and protection against intruders, segregation of waste
classes is unnecessary. However, operational, safety and ALARA
considerations suggest that separation be practiced.

Disposal Design #4 Stacked Earth-Mounded Concrete Bunker Disposal (Rogers &
Associates)

The earth-mounded concrete bunker (EMCB) disposal technology is
similar in concept to that used for disposal of LLRW in France. This
concept involves the use of two distinct disposal technologies at the same
site, that is, the disposal of lower-level Class A waste above Class B and
C waste placed in concrete bunkers (stacked). For this evaluation, both
waste forms are assumed to be contained in the RWMC pits rather than in an
aboveground mound (tumulus), as is the case in the original design.

Features for the Class A waste are:

o Waste is disposed of above the Class B and C waste.
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o ihere is an earthen cover over the waste.

o Structural stability is provided by the reinforced moaular
concrete canisters.

o Voids between waste containers are filled with nonstructural
material.

o Class A waste is disposed of separately from Class B and C waste
with nonstructural material.

o Class A waste acts as one of the barriers to inadvertent
intruders, plants, and animals.

o Provisions for collecting and monitoring infiltrated water are
provided.

Features for the Class B and C waste are:

o Waste is disposed of belowgrade.

o There is both an engineered concrete cover and an additional
earthen Class A cover over the Class B and C waste.

o Structural stability is provided by the facility.

o Voids between waste containers are filled with structural
material (cement).

o Provisions for collecting and monitoring infiltrated water are
provided.

Disposal Design #5 Earth-Mounded Concrete Bunker (Rogers & Associates)

This design is similar to Design #4, except that Class A and Class B
and C wastes are not stacked, but disposed of in separate areas. This
concept is similar to Designs #2 and #3 combined. Features are also
similar.

Disposal Design #6 Augered Shaft Disposal in Pit (RWMC)

The disposal scheme identified in Figure 5, and the remaining RWMC
designs, are aimed specifically at bottom discharge cask insert disposal.
This specific design would auger 18- and 60-in.-diameter shafts in the
existing pit floor to accommodate high radiation (not necessarily high
curie content, as in Class B and C) LLW. Primary considerations here are
operations and safety.

Features for augered shaft disposal are:

o The waste is disposed of below existing pit floor, utilizing
limited space efficiently.
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o Existing equipment, liners, etc., can continue to be utilized.

o Multiple grout pours anchor the vault Uner and minimize
potential rad1onucl1de migration.

o Structural stability Is provided by the vault, not the Inserts.

o No provisions for collecting and monitoring Infiltrated water are
provided.

Disposal Design #7 Unlined Shaft Disposal 1n Blasted P U (RWMC)

This disposal scheme 1s aimed specifically at bottom discharge cask
Insert disposal. This concept consists of blasting a trench 1n the bottom
of the RWMC pits, removing the fractured basalt, and filling the area with
compacted soil to normal pit level. This area would then be used for cask
Insert disposal (high radiation, not necessarily high curie content waste)
rather than the current locations In the Subsurface Disposal Area (SDA).
Primary considerations are operations and safety.

Features of the disposal concept Include:

o The waste Is disposed of below existing pit floor, utilizing
limited space efficiently.

o Existing equipment, liners, etc., can continue to be utilized.

o Structural stability 1s provided by the containers for the
short-term, and by a poured grout/concrete cover once all space
has been utilized.

o All natural materials are utilized to minimize potential
radionuclide migration.

o No provisions for collecting and monitoring Infiltrated water are
provided.

Disposal Design #8 Lined Shaft Disposal in Blasted Trench (RWHC)

This concept would consist of blasting a trench In the bottom of the
RWMC pit, removing the fractured basalt, pouring a grout layer, filling the
remainder of the pit to normal p H floor level with soil, and Inserting
liners for the vaults. Closure caps for vaults would be either grout or
soil, depending on the degree of stability required. These vaults would be
used to dispose of the high radiation level (not necessarily high curie
content) cask Inserts. Primary considerations are operations and safety.

Features of this disposal concept Include:

o Waste Is disposed of below existing pit floor, utilizing limited
space efficiently.
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o Existing equipment, adapter plates, etc., could continue to be
used.

o Structural stability 1s provided by the vault liners.

o No provisions for collecting and monitoring Infiltrated water are
provided.

Disposal Design #9 Enhanced Ground-Level Shaft Disposal (RWHC)

This disposal design Is an enhanced version of current practice for
soil vault disposal. Enhancements consist of drilling deeper vaults Into
the basalt (as opposed to drilling just to the basalt, which Is current
practice), providing a multilayer grout seal at the vault bottom, and
encasing the vault Uner with grout. Cover would consist of a 16-ft soil
cap (6 to 8 ft during operations, then additional cover material at the
time of area or site closure). Because of the greater vault depth,
additional disposal capacity 1s realized. This design, as 1n all RWHC
designs, 1s planned for use as disposal space for high radiation {but not
necessarily high curie content) bottom discharge cask Inserts. Primary
considerations are operations and safety.

Features of the disposal concept Include:

o Existing disposal locations are more fully utilized.

o Existing equipment, adapter plates, etc., can continue to be used.

o Structural stability 1s provided by the containers for the short
term; long-term stability 1s not required.

o No provisions for collecting and monitoring Infiltrated water are
provided.

Disposal Design #10 Bulk Waste Vault at Pit Floor (Low-Level Waste
Treatment)

The disposal design Identified In Figure 6 1s a vault design, placed
on the RWHC pit floor 1n the vicinity of the current bulk disposal area.
It 1s primarily Intended for bulk wastes {odd size or shape and higher
radiation level material currently placed 1n the bulk disposal area).
Additionally, reclassified TRU waste could be disposed of here. Given the
limited Information available on radionuclides, these bulk resin tanks and
vaults have the highest potential for being Class B or C waste. Bulk waste
would continue to be placed using existing procedures and equipment. Voids
would be filled with sand or grout and the cover sealed. The vault would
be the stable container.
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RWMC perimeter barrier,

Reinforced concrete vault
with cover (vault Is
stable container).
Fill with reinforced
concrete when full.

Class 8 and C
waste

Cross-section
of existing basalt pit
(17,18,19 and 20)
(looking north)

Unstabillzed
Class A waste

•v.1 ft natural soil
and gravel
(existing)

7-417*

Figure 6. Illustration of bulk waste disposal vault (at pit floor).

Features of this disposal concept Include:

o Existing equipment and procedures could continue to be used.

o Odd shapes, etc., could continue to be received, thus nullifying
any Impact on the generator.

o Space Is already Identified for the type of waste to be placed 1n
the vaults.

o Structural stability 1s provided by the vault.

o No provisions for collecting and monitoring Infiltrated water are
provided.

Disposal Design #11 Bulk Waste Vault Below Pit Floor (Low-Level
Waste Treatment)

This disposal design 1s a vault design similar to that presented In
Design #10, except that the lower vault would be placed In a blasted pit
below the existing floor. This would enhance disposal capacity. All
additional features are similar.
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EVALUATION CRITERIA

The decision analysis methodology Includes two types of criteria:
"musts" and "wants." Musts are mandatory objectives which have to be met
before a particular cover or disposal design system can be considered a
viable alternative. All alternatives considered met the "must" criteria.
The second type of criteria, "wants," Identifies characteristics which
would make for an Ideal disposal system. No system meets all the "want"
criteria, but some systems came a lot closer than others. The evaluation
process rates alternatives to determine which one best meets the "wants."

In the evaluation, "must" and "want" lists were prepared. Each "want"
was numerically weighed (1 to 10) as to U s perceived Importance. At least
one "want" must be rated a 10. The systems were than ranked on this same
scale as to their relative capability 1n meeting each "want." Each ranking
1s then multiplied by U s respective Importance weighing factor and the
numbers are summed to provide a total system value.

The "must" criteria were essentially a design Independent subset of
10 CFR 61 subpart C requirements. Design Independent, In this context,
refers to criteria which can be applied 1n ranking each design rather than
basic design requirements that apply to all. The "wants" were Identified
by INEL personnel. Table I presents these want criteria, their Importance
ranking and how the cover and disposal design alternatives met these
criteria. The same "wants" were used for all alternative systems.
Obviously, only some applied to covers whereas others only applied to
disposal systems. These were Identified 1n the evaluation process.

RESULTS

Results can be divided Into two categories: (a) covers and
(b) disposal designs. It Is Interesting to note that a natural earthen
cover, when evaluated against the same criteria as engineered covers, shows
a clear (15%) lead. It maximizes flexibility while minimizing costs.

For disposal designs, some Interesting conclusions can be drawn:

1. Site specific designs are typically better at meeting site
specific needs and therefore usually score higher.

2. Site specific designs aimed at only partial disposal problem
solutions can rank better than generic designs.

3. The optimum solution for the RWHC will probably be a combination
of four disposal elements: a concrete vault for high
radionuclide content Class B and C waste, soil vault disposal for
high activity Class A LLW, a general Class A stabilization
scheme, and a 16-ft-thick earthen cover.

Site specific disposal designs also ranked higher than generics.

As a result, the following disposal scheme Is recommended for adoption
at the RWMC:
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1. Continue with the 6-to 8-ft earthen operational cover until site
or area closure. Closed areas, where no further activity Is
planned, could have the final 8 ft of cover placed on them.

2. Utilize Blasted Trench Unlined Shaft Disposal for high radiation
Iow-cur1e content bottom discharge cask Insert (Class A waste)
disposal. A reinforced concrete/grout cover will be provided for
stability of the Class A waste placed above.

3. Utilize Below Pit Floor Bulk Haste Disposal Vaults for bulk waste
disposal. The first vaults would go below the p H floor, with
others stacked as needed.

4. Continue with current plans to place Class A waste 1n a more
stable form by utilizing metal boxes, maximizing container
utilization with proper filling and compacting, and grouting to
fill remaining voids.
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FATE OF GASEOUS TRITIUM AND CARBON-14 RELEASED FROM BURIED
LOW-LEVEL RADIOACTIVE WASTE

ROBERT G. STRIEGL
U.S. GEOLOGICAL SURVEY, DENVER, COLORADO

ABSTRACT

Microbial decomposition, chemical degradation, and volatilization of buried
low-level radioactive waste results in the release of gases containing

3 14
tritium ( H) and carbon-14 ( C) to the surrounding environment. Water

3 14vapor, carbon dioxide, and methane that contain H or C are primary
products of microbial decomposition of the waste. Depending on the composi-
tion of the waste source, chemical degradation and volatilization of waste
also may result in the production of a variety of radioactive gases and or-
ganic vapors. Movement of the gases in materials that surround waste
trenches is affected by physical, geochemical, and biological mechanisms in-
cluding sorption, gas-water-mineral reactions, isotopic dilution, microbial

consumption, and bioaccumulation. These mechanisms either may transfer H
14and C to solids and infiltrating water or may result in the accumulation

3 14of the radionuclides in plant or animal tissue. Gaseous H or C that is
not transferred to other forms is ultimately released to the atmosphere.

INTRODUCTION

3 14
Production of gases that contain tritium ( H) and carbon-14 ( C) is caused
by microbial decomposition, chemical degradation, and volatilization of
buried low-level radioactive waste. The gases are transported to surround-
ing geologic deposits where component radionuclides may be transferred to
solids and infiltrating water, biologically accumulated, or released to the

3 14overlying atmosphere. Gases containing H or C that have been identified
at the low-level radioactive-waste sites near Sheffield, Illinois, and near
West Valley, New York, include elemental tritium; tritiated water vapor
3 14
( HHO, . ) , carbon-14 dioxide ( C02), tritiated- and carbon-14 methane
3 14(C HH3 and CH,), ethane, propane, and butane (Husain and others, 1979; Lu

and Matuszek, 1979; Striegl andRuhl, 1986; Striegl 1988 a,b). Biological
decomposition of waste appears to be the most significant process that
results in release of the radioactive gases.

WATER VAPOR, CARBON DIOXIDE, AND METHANE

The primary gaseous products of biological decomposition are water vapor,
carbon dioxide, and methane. McFarlane and others (1978) demonstrated in a
laboratory investigation that soil micro-organisms can metabolize elemental

tritium to produce HHO. .. Methanogenic bacteria isolated from leachate

water collected at the low-level radioactive-waste site at Maxey Flats,
14 3 14Kentucky, produced COj and C HH~ and CH, when cultured using leachate
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water as a substrate (Francis and others, 1980a). Production of biogenic
gases is limited by availability of substrate, moisture, temperature, and
redox conditions. The radioisotope content of the gases produced is deter-
mined by the specific radioactivity of the decomposing waste, and varies
greatly within and between burial trenches. Because large interconnected
void spaces are created between buried waste containers as waste con-
solidates and decomposes, it is thought that gases are well mixed within
trenches (Striegl, 1988b). Subsequent movement of the gases away from the
burial trenches may be dominated either by diffusion or by coupled advection
plus diffusion depending on the rate and volume of gas production, and on
local boundary conditions.

Where partial pressures of gases produced are small relative to total
barometric pressure and where pneumatic communication is good between trench
materials and the surrounding unsaturated zone, it can be assumed that total
gas pressures are isobaric at a given elevation and that transport of waste-
produced gases away from burial trenches is dominated by ordinary diffusion
along partial-pressure gradients. This is presumedly the case at well-
drained sites like such as near Sheffield, Illinois (Striegl and Ruhl, 1986;
Striegl and Ishii, 1987; Striegl, 1988b), and at arid sites such as near
Beatty, Nevada. At sites where gas production is large and where high mois-
ture content or low porosity prohibits good pneumatic communication to
surrounding deposits, gas pressures may increase within trenches, causing
advective flow of gases away from the trenches through any well-connected,
air-filled pathway. This situation is common at landfills (Alzaydi and
others, 1978) and may exist at poorly drained low-level radioactive-waste
sites such as near West Valley, New York (Prudic, 1986).

3 14 3 14
When HHO. ., CO-, C HH-, or CH, enter the surrounding unsaturated

zone, movement of the gases may be impeded by interactions with water,
3

minerals, and micro-organisms. Of these gases, the movement of HHO. . ap-

pears to be most strongly impeded, probably because of isotopic dilution of
H from water vapor to liquid water in pore spaces. Because the mass of
liquid water per unit volume of unsaturated zone is generally large compared

3
to that of water vapor, most H in water vapor is transferred to pore water
in deposits immediately surrounding burial trenches as isotopic equilibrium
is attained between phases (Striegl and Ruhl, 1986; Striegl, 1988a).

14
Movement of CO- also is impeded by attainment of isotopic equilibrium

among phases. However, the phase distribution of C is more complex than

that for H because the distribution includes transfer of C to dissolved

inorganic carbon formed by reactions among carbon dioxide, water, and carb-

onate minerals (Thorstenson and others, 1983; Striegl, 1988b) and transfer

to a sorbed C02 component (Striegl, 1988b). By 1984, CO2 had diffused at

least 50 m into undisturbed and unconsolidated deposits surrounding waste
trenches at the site near Sheffield, Illinois (Striegl and Ruhl, 1986;
Striegl, 1988a).
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As methane that is produced in waste trenches is transported through un-
saturated deposits, a small proportion dissolves into pore water; a
substantially larger fraction is consumed by methanotrophic bacteria in the
soil zone. Where volumes of waste-produced methane are small, such as in
undisturbed deposits surrounding trenches at the site near Sheffield,
Illinois, all waste-produced methane may be consumed before reaching the
land surface (Striegl and Ishii, 1987; Striegl, 1988a; Striegl and Ishii,
unpublished data). Where volumes of methane produced are large, such as at
the site near West Valley, New York and probably at burial trenches at other

3 14sites, C HH,and CH, escape to the atmosphere (Husain and others, 1979; Lu

and Matuszek, 1979; Prudic, 1986). Consumption of radioactive methane by
3 14

methanotrophs results either in incorporation of H and C into bacterial
3 14cells or in the ultimate production of HHO, . and C0?.

ETHANE, PROPANE, BUTANE, AND OTHER ORGANIC COMPOUNDS

Ethane, propane, and butane were measured in gas samples collected at the
site near Sheffield, Illinois, but the frequency of detection was sporadic
and the concentrations were small (Striegl, 1988a); some measurements of
these gases also have been made at the site near West Valley, New York (C.
Kunz, New York State Department of Health, written commun., 1983). Because
the data for ethane, propane, and butane are few, little is known about
their chemical behavior at radioactive-waste sites; ethane, propane, and
butane likely break down to methyl groups and have fates similar to methane.
In six samples collected at the site near Sheffield, Illinois, the sum of

3
the H activity in combustible gases was about 30 times greater than the ac-

3 14
tivity of HHO, .; the sum of the C activity in combustible gases was

14 3
negligible when compared to CO- activity. The H activity of ethane,
propane, and butane increased with increased molecular weight in gases col-
lected at the site near Sheffield, Illinois, and decreased with increased
molecular weight in gases collected at the site near West Valley, New York,
(C. Kunz, New York State Department of Health, written commun., 1983).

Several volatile organic compounds including alcohols, ketones, amines,
aromatic hydrocarbons, esters, ethers, and phenols have been identified in
leachate collected from waste-burial trenches at sites near Barnwell, South
Carolina; Maxey Flats, Kentucky; Sheffield, Illinois; and West Valley, New
York (Husain and others, 1979; Francis and others, 1980a,b; Goode, 1986).
Although these compounds are likely to have gaseous equivalents that contain
3 14
H and C, no studies have identified their distribution and chemical be-
havior near waste sources.

BIOACCUMULATION

3 14 3 14
Fractions of H and C from HHO, . and C0? that migrate toward the land

surface are bioaccumulated by rooted plants growing near buried low-level
radioactive waste at the site near Sheffield, Illinois (R.G. Striegl, U.S.
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Geological Survey, unpublished data). Relations between; (1) the specific
activity of water and C0« utilized by plants and (2) the specific activity

of newly grown plant tissue at the site near Sheffield, Illinois, and at
other sites are the subject of a current (1988) U.S. Geological Survey

3 14
study. Bioaccumulation of H and C in other organisms also is being in-
vestigated in that study.
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Introduction

Waste management activities were initiated at the Nevada Test Site (NTS)
to dispose of low-level wastes (LLW) produced by the Department of Energy's
(DOE's) weapons testing program. Disposal activities have expanded from the
burial of atmospheric weapons testing debris to demonstration facilities for
greater-than-Class-C (GTCC) waste, transuranic (TRU) waste storage and
certification, and the development of a mixed waste (MW) facility. Site
specific operational research projects support technology development
required for the various disposal facilities. The annual cost of managing the
facilities is about $6 million depending on waste volumes and types.

Site Selection

The Radioactive Waste Management Site (RWMS) is located in southern
Nevada approximately 75 miles from Las Vegas. Investigations of geography,
geology, and hydrogeologic conditions at the NTS have been in progress by the
U.S. Geological Survey (USGS) and numerous contracted organizations since
1951. The site provides a superior physiogeographic, geologic, and
hydrogeologic environment for effective waste containment. Other favorable
conditions include buffer zones around the NTS, limited public access, and low
population density in the surrounding communities. Annual rainfall is
approximately 10 to 13 centimeters and surface water runoff occurs only during
unusually intense or persistent storms. The site is a considerable distance
from surface springs, and disposal excavations are in a 245-meter-thick vadose
(unsaturated) zone. Consequently, transport of contaminants will probably be
dominated by unsaturated porous media flow phenomena.

Establishment of the RWMP

In January of 1961, the first trench was opened to dispose of accumulated
test debris at the NTS. Generated onsite, waste consisted mainly of
contaminated wood, metal, paper, laboratory glassware, filters, and metal pipe
fittings. Six trenches were excavated over a 13-year period, with the last
closing in 1979. Early trenches averaged 3.6 meters in depth and width and
220 meters long. Records indicating curie activity, disposal locations, and
waste generation sites are maintained.

In 1974, the NTS began to accept offsite TRU wastes; and in 1978, the DOE
expanded waste management activities to include the disposal of LLW produced
at other DOE facilities. Reynolds Electrical & Engineering Co., Inc. (REECo),
as a prime contractor to DOE, established the Radioactive Waste Management
Project (RWMP) to operate the disposal facilities. Seventeen offsite DOE
affiliated laboratories are currently authorized to send LLW to the NTS.
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Specific Operations

Currently, RWMP provides management of five distinct types of defense
radioactive waste: (1) packaged LLW disposed by shallow land burial (SLB),
(2) TRU waste retrievably stored aboveground, (3) bulk waste disposed in
expended weapons test craters, (4) greater confinement burial in augered
shafts for high-specific-activity (HSA) or concentrated tritium waste, and (5)
development of a SLB MW facility. All RWMP facilities are operated under
DOE/Nevada Operations Office (NV) guidance and meet the applicable DOE
Orders, DOE/NV's NVO-185, Operational Radioactive Defense Waste Management
Plan, and NVO-232, Radiation Safety Manual for the Nevada Test Site.
Comprehensive environmental monitoring is performed by the REECo Environmental
Sciences Department for all NTS activities.

A. LLW Operations

A majority of packaged LLW is received from offsite generators.
Generators must obtain written approval from the DOE/NV Manager and must
provide three-year waste forecasts, waste certification quality assurance
plans, and evidence that all waste meets the waste acceptance criteria (WAC)
of NVO-185. Approval for disposal of bulk and greater confinement disposal
(GCD) waste is on a case-by-case basis. Waste cannot contain liquids,
dispersible fines, and/or hazardous materials as defined in Title 40, Part
261, of the Code of Federal Regulations (CFR). Contact radiation levels
cannot exceed 200 millirem per hour. Audits of the generator's waste
processing, packaging, certification, and shipping methods are conducted by
DOE/NV and RWMP personnel. Upon receipt, waste shipment packages and
documentation are inspected, and radiological surveys are conducted.

Shallow land burial is conducted in excavated trenches and pits located
on the 37.2 hectare RWMS. Trenches have a nominal width and depth of 3.7
meters and typical pits are 7 meters deep, 45 meters wide, and 220 meters
long. Packages are stacked, marked and located by Nevada state grid
coordinates, and positioned to utilize the entire pit capacity and provide
maximum stability. All trenches and pits are permanently marked with cement
monuments which are placed immediately upon closure of each excavation.
Diversion channels and earth dikes are constructed around the site perimeter
to prevent surface water flooding from storms.

The Bulk Waste Management Facility (BWMF) is located in Yucca Flat, an
alluvial basin used extensively for the underground weapons testing program.
Disposal is conducted in the subsidences that result from surface cratering
subsequent to an underground test. A majority of the waste disposed at the
BWMF is debris from early atmospheric weapons testing. The RWMP NTS
Consolidation Project addresses cleanup, relocation, and disposal of debris
stored at 24 NTS locations. At the end of 1987, 21 consolidation storage
sites had been completed.

B. TRU Waste Storage

In 1974, the NTS began to accept TRU wastes, defined by the DOE as having
TRU radionuclides in excess of ten nanocuries-per-gram. These wastes were
separated from LLW and placed in retrievable storage for eventual shipment to
the DOE Waste Isolation Pilot Plan (WIPP) geologic repository. In August of
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1982, the limit of concern for TRU radionuclides was increased to 100
nanocuries-per-gram and approximately 100 cubic meters were then eligible for
SLB. By 1985, the TRU waste generators were required to certify their TRU
waste to the WIPP requirements prior to shipment to the NTS. The waste
received before that date has been certified at the NTS. The certification
process included nondestructive assay and real-time radiography techniques
using mobile systems developed by the Los Alamos National Laboratory (LANL).
Currently, over 600 cubic meters of TRU waste are in certified storage. Waste
records are now being reexamined for determination of the hazardous
constituents. Shipment of the NTS TRU waste to WIPP is expected to begin in
1990.

C. GCD Operations

Greater confinement disposal methods are for LLW considered unsuitable
for SLB. These wastes can be classified as HSA or operationally difficult
waste to handle, and environmentally mobile wastes which demonstrate
significant potential for migration into biopathways, and/or are considered to
be above the Nuclear Regulatory Commission definition of class "C" (GTCC)
wastes. In 1987, the DOE committed to Congress to accept and provide
management for commercial GTCC LLW in response to Public Law 99-240, which
assigned that responsibility to the Federal Government under the "Low-Level
Radioactive Waste Policy Amendments Act of 1985."

In 1981, the National Low-Level Waste Management Program funded the
Greater Confinement Disposal Test (GCDT) at the NTS. Primary goals for GCDT
were to develop equipment and operational procedures for remote handling of
waste and to monitor, measure, and predict the performance of augered shaft
disposal. The GCDT facility consists of a central emplacement shaft three
meters in diameter and 36 meters deep in the alluvial sediments of the RWMS.
Nine monitoring shafts, 0.6 meters in diameter, are orbitally staggered at
radii of 3, 4.9, and 6.7 meters. Instrumentation included soil-atmosphere
samplers, thermocouples, thermocouple psychrometers, and neutron access tubes.
Encapsulated strontium-90, cesium-137, and cobalt-60 sources, totaling 517
kilocuries, and 210-liter drums of tritium wastes, totaling 593.5 kilocuries,
were disposed. Research efforts continued for 3.5 years and climaxed with
the release and measurement of organic tracers to determine various
geophysical soil parameters. Monitoring and research on the potential
migration of tritium continues.

The GCDT has successfully completed most of its primary goals. A remote
waste handling system, consisting of an 18-ton all-terrain crane with a
variety of manipulator tools and closed-circuit television cameras, was
operated for diverse disposal situations. Personnel operating or observing
the free-air remote waste operations received no measurable radiation dose.
The GCDT operations were demonstrated to be economically comparable, if not
preferable, to viable GCD methods at sites in humid regions. Cost estimates
are further reduced with consideration of the 100 to 300-year period of
necessary institutional control. The final goal to achieve is completion of a
probabilistic risk assessment to determine the performance of the GCDT. It is
anticipated final reports will be completed in 1988. Operational greater
confinement or augered shaft disposal has been employed for two waste types at
the RWMS. In 1987, activated stainless steel (scrap fuel cladding) and HSA
tritium (greater than 10,000 curies/drum) were disposed in independent 36-
meter-deep augered shafts.
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D. Mixed Waste Management Facility (MWMF) Development

The principal task in establishing a MWMF at the NTS is to obtain a
Resource Conservation and Recovery Act (RCRA) Part B permit. A RCRA permit is
normally granted by the applicable state if the state is authorized by the
U.S. Environmental Protection Agency (EPA). The state of Nevada has adopted
the federal regulations concerning MW (1984 Hazardous and Solid Waste
Amendments) but is currently authorized, by the EPA, to regulate only the pre-
1984 portion of RCRA. Under this regulatory "limbo," a permit granted by the
state will not have complete EPA concurrence until the state receives RCRA
authorization from the EPA. The state is planning to apply for authorization
by April 1988, and it is assumed EPA will take up to one year to review the
application.

A RCRA Part B permit was originally submitted to the EPA, Region IX, in
November 1985 and to the state of Nevada 13 months later assuming that the
state would eventually become the regulatory agency for the NTS MWMF. The
permit application is currently being updated and revised into a modular
format so that in the future additional NTS facilities can be appended in the
original permit. Interim status for receipt of MW at the NTS RWMS was
received from the state of Nevada on September 17, 1987. Under interim
status, DOE/NV must comply with the state-adopted 40 CFR, Part 265, Interim
Status Standards for Owners and Operators of Hazardous Waste Treatment,
Storage, and Disposal Facilities, prior to obtaining a permit. The state has
accepted the waiver request for pit liners and groundwater wells based on the
low potential for migration of hazardous constituents during the interim
status phase. However, the state will require an approved alternative
monitoring system for permitted operations. RWMP personnel have designed a
subsurface monitoring system. The system is a combination of neutron moisture
probe access tubes, soil air samplers, and access tubes for gamma
spectroscopy. This system will be installed prior to receipt of any MW and
will be used to gather data to support the systems use as an alternative
method.

Critical tasks currently being performed include an Environmental
Assessment, Quality Assurance Program Plan, Land Use and Conceptual Operating
Plan, and development of a Waste Examination Facility (WEF). The WEF will
include nondestructive assay and radiography, and package breaching
capability. Waste examination is a quality assurance measure to provide
verification of performance of waste generator certification programs. Audits
of waste generator programs will serve as the primary verification mechanism
for the waste acceptance criteria. An NTS Environmental Laboratory, which
will provide sample analysis capability for all NTS RCRA programs is near
completion.

E. Operational Research

Various operational research projects, other than GCDT, have been
conducted in association with RWMP activities. Beginning in 1978, studies
have been conducted by the University of California Los Angeles on tritium
migration and revegetation. Tritium migration studies have examined plant
root uptake, and migration through trench caps and the deep unsaturated vadose
zone. Revegetation studies have been conducted on the trench caps, flood
dikes, and cleaned up Consolidation Project storage sites.
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In 1986, the In-Situ Monitoring of Organics (ISMO) project began to
demonstrate the use of a subsurface sampling system to characterize and
monitor volatile organic pollutant releases from RWMP disposal facilities. A
subcontract to the University of Arizona was funded to develop a method for
determining the sorption coefficients of various organic compounds to NTS
soils. The results of this work are being submitted to the American Society
of Testing Materials for consideration as a standard method.
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ABSTRACT

A sorbent barrier uses sorbent material such as activated carbon or natural
zeolites to prevent the migration of radionuclides from a low-level waste
site to the aquifer. The sorbent barrier retards the movement of radioactive
contaminants, thereby providing time for the radionuclides to decay. Sorbent
barriers can be a simple, effective, and inexpensive method for reducing the
migration of radionuclides to the environment. Designing a sorbent barrier
consists of using soil and sorbent material properties and site conditions as
input to a model which will determine the necessary sorbent barrier thickness
to meet contaminant limits. The paper will cover the following areas: tech-
niques for measuring sorption properties of barrier materials and underlying
soils, use of a radionuciide transport model to determine the required
barrier thickness and performance under a variety of site conditions, and
cost estimates for applying the barrier.

INTRODUCTION

An engineered sorbent barrier (ESB) prevents radionuclides from migrating to
the environment from shallow land burial (SLB) trenches. The barrier is
created by lining the trench or surrounding a vault with sorptive material
such as activated carbon or natural zeolites. With the barrier in place,
infiltrating water can pass through the bottom of the trench while any
leached radionuclides are adsorbed by the barrier material. The sorbent
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barrier can be designed to retard the migration of radionuclides such as
"0$r °^Co and ^'Cs long enough to allow decay to a safe level. While

d f l l l (LLW) b l h b lg g y
primarily designed for low-level waste (LLW) burial, these barriers also can
be used in conjunction with impermeable barriers to eliminate the problems of
long-term active maintenance.
Engineered sorbent barriers are an effective and relatively inexpensive
technique for meeting requirements outlined in Draft DOE 5820.2A for
disposing of low-level radioactive waste. A preliminary economic analysis of
sorbent barriers* showed that applying sorbent barriers in an SLB operation
would increase the current overall disposal costs of an LLW site by only 1%
to 21% depending on the site conditions. In comparison, an equivalent double
leachate/1iner trench is projected to be several times the cost of current
shallow land burial techniques. Engineered sorbent barriers can be con-
structed using existing equipment and construction procedures and are free of
maintenance after closure. Furthermore, a sorbent barrier could be designed
economically that would not rely on the sorptive properties of the underlying
soil to meet the criterion of 25 mRem/yr at the site boundary.2

In general, the bottom of the trench would be lined with the sorbent mate-
rial, although in some cases the sides of the trench would also require
lining. The actual design is developed separately for each site. For exam-
ple, the barrier thickness depends on a number of parameters such as radio-
nuclide inventory, infiltration rate, leach rate of the waste, distance and
flow rate of the aquifer, and distance to the site boundary. In most cases,
the barrier would range from approximately 0.3 to 1.5 m in thickness. The
permeability of the barrier would be modified as necessary to allow suf-
ficient time for contact of the leachate with the sorbent material while
allowing a sufficient flow of water to prevent flooding of the trench. A
gravel layer would be placed over the top of the sorbent barrier so that
infiltrating water could drain away from the waste forms. This layer would
also act as a storage buffer in years when the infiltration rate exceeds the
permeability of the sorbent barrier. The gravel layer additionally would
provide a surface free of standing water so that the waste could be stacked
during active use of the trench.

This paper describes the design methodology developed by Pacific Northwest
Laboratory (PNL) for engineered sorbent barriers. These barriers can be used
at a variety of sites and are not restricted to humid climates. Along with
the steps required for designing the barriers, the results of recent lab-
oratory testing at PNL are given. The laboratory tests, together with
planned field testing, will be used to compile a comprehensive manual for
designing and constructing an ESB. A brief summary of previous studies and
other applications is also included.

BACKGROUND

Pacific Northwest Laboratory has been evaluating sorbent and ion exchange
materials for use in ESBs for several years. These studies have been spon-
sored by the U.S. Department of Energy's (DOE) Low-Level Waste Management
Program. During these studies-^ a number of promising sorbent materials were
evaluated such as natural and synthetic zeolites, ion exchange resins,



activated carbon, clays, glouconite, and sodium titanate. oThe m
>lected based on effectiveness in sorbing radionuclides (90Sr, 1 3 /Cs, and
^Co), long-term durability, cost, and availability. Bench- and engineering-

scale testing showed that no single material was effective in sorbing all
three radionuclides. Consequently, a multiple material formulation was
derived. For conditions representing a newly established LLW site in a humid
climate, clinoptilolite was chosen for sorption of strontium and cesium and
activated carbon for sorption of EDTA-complexed cobalt.

OTHER APPLICATIONS

Although the PNL studies focus on the use of sorbent barriers in SLB sites,
other applications are possible. The .-chnology has great promise as a
redundant barrier in mixed waste designs using impermeable barriers designed
to meet Resource Conservation and Recovery Act (RCRA) standards.4 The sor-
bent barrier could be placed either above or below the impermeable barrier.
If the impermeable barrier develops a leak, the sorbent barrier would con-
tinue to protect the environment from migrating radionuclides or other
hazardous materials. Sorbent barriers could also be useful as backfill
around underground vault disposal facilities to act as a redundant barrier if
the vault cracks during the several-hundred-year period required for the
waste to decay to innocuous levels.

SORBENT BARRIER DESIGN

Designing a sorbent barrier is similar to designing a standard waste trench
except that the required thickness and the permeability of the sorbent layer
must be determined. Figure 1 illustrates a typical sorbent barrier as
applied to an SLB trench.

The required thickness will depend on the effectiveness of the barrier for-
mulation in sorbing the contaminants. The permeability should be designed
to provide enough time for the contaminants to adsorb onto the barrier
material but still allow percolation rates as fast as the annual infiltration
rate. Keeping the permeabilities as low as possible also allows the barrier
to remain in a near-saturated condition, which promotes sorption.

Waste

Gravel Layer (0.15-2 m)
Sorbent Barrier
(0.3-2 m)

Figure 1. Conceptual Design of a Sorbent Barrier in a
Shallow Land Burial Trench
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Several steps must be followed to successfully design the ESB (see Figure 2):

1. Site characterization

2. Projection of waste volume and characteristics

3. Selection of candidate sorbent materials based on waste and
groundwater chemistry

4. Laboratory testing of sorbent materials under expected trench
conditions

5. Estimation of required barrier thickness based on site and waste
characteristics and data obtained from laboratory tests and
computer models such as PATHRAE5 and UNSAT26

6. Estimation of construction and material costs based on trench
dimensions and barrier thickness.

Each of these steps is briefly described in the following paragraphs.

Site Characterization

Site characterization techniques vary from site to site. An example of an
approach used in the past is outlined in Reference 7. In general, for
characterizing a candidate site, the parameters should include soil proper-
ties such as density, porosity, permeability, and distribution coefficient
(Kd), and hydrologic characteristics such as depth and flow rates of the
aquifer and infiltration rates.

Projection of Waste Volume and Characteristics

Sorbent barriers can be tailored to work under a variety of chemical environ-
ments. Ideally, the chemical makeup of the waste, the radionuclide inven-
tory, and the expected waste leach rates should be established. Since
sorbent barriers are primarily designed for new LLW sites, the volumes and
compositions of the waste will have to be estimated from previous experience
and projections of expected future activities. Yearly estimates of waste
volumes, compositions, and activities for the active life of the LLW site
should be obtained so that occupational and offsite exposures can be more
accurately projected.

Selection of Sorbent Materials

The sorbent material selected for an ESB will have the highest amount of con-
taminant adsorption (Kd) from the leachate based on relative costs of the
materials. The leachate composition will depend on the interaction of the
infiltrating water and the waste forms. A number of criteria must be applied
to select the most appropriate material. Key properties required for a suc-
cessful barrier include high Kd for contaminants in the waste, long-term
durability, low cost, availability, and suitable hydraulic properties (i.e.,
ability to meet the permeability requirements of the barrier). Materials
that have been tested in the PNL program would provide an excellent starting
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Site Characterization
Depth to Aquifer
Velocity of Aquifer
Kds of Aquifer
Soil Permeability
Soil Porosity
Soil Kds
Infiltration Rate
Distance to Boundary

1

Waste inventory/Characterization

Radionuclide Inventory
Waste Composition
Waste Leach Rate
Waste Density
Generation Rate

Sorbent Barrier Design

Material Selection

Select Materials
Batch Contact Tests for Kds
Column Tests for Kds
Density
Porosity
Permeability
Water Retention

Performance Modeling

Estimate Barrier Thickness

YES

Barrier Geometry

Preliminary Design
Engineering Drawings

Moisture Transport Analysis

Water Flow Analysis
Leachate Residence Time in Barrier

Final Design

Barrier Thickness
Trench Geometry
Final Engineering Drawings

Cost Estimate

Barrier Cost

Construction Procedures

Mixing Procedures
Installation Procedures
QA/QC Procedures

Figure 2. Sorbent Barrier Design Procedure



point for selection of candidate materials for other sites. The materials
were evaluated using a leachate composition representative of a humid LLW
site: 1 /xCi/L each of 60Co, 90Sr, and 1 3 4> 1 3 7Cs; 100 ppm each of Ca, Na, and
Mg; and 1 ppm EDTA at a pH of 5. A partial list of materials and Kd values
as determined with batch contact tests is presented in Table 1.

The Kd values in Table 1 are topical examples of materials selected for
sorption of ^Osr, "'Cs, and °"Co. The values for specific site conditions
must be measured in the laboratory using the leachate compositions actually
expected. The methods for obtaining Kd values are described in more detail
in the following section.

Laboratory Testing of Sorbent Materials

Laboratory testing of applicable adsorbents helps to predict the performance
of an ESB. The most common laboratory procedures are batch contact tests and
column tests.

Batch contact tests are widely used to obtain equilibrium data of the con-
taminants on the adsorbent. These tests are a relatively fast and inex-
pensive method of screening candidate materials and assessing the effects of
environmental parameters such as pH, eH, or contact time. These tests com-
bine the adsorbent and contaminated solution in a closed vessel until the
mixture reaches equilibrium. Adsorption isotherms are generated from a
series of batch contact tests over a range of contaminant concentrations.
However, there is some concern as to the validity of using batch contact data
to predict long-term performance of sorbent materials. Batch contact tests
tend to produce better mixing between particles and solution than actually
may be expected in the field and therefore may predict a maximum adsorption
coefficient. In addition, batch contact tests are normally performed under
an oxidizing atmosphere (with air), while in the field the atmosphere is
normally less oxidizing. Furthermore, the small quantity of material used in
a batch contact test may not be representative of the sorbent material as a
whole, especially in the case of a multicomponent formulation.

Table 1. Distribution coefficients of selected sorbent materials

Kd, mL/g
Material

Clinoptilolite, CH Deposit

Clinoptilolite, XY Deposit

Greensand (Glouconite)

Indian Red Pottery Clay

Bentonite

A51 Synthetic Zeolite

Activated Carbon

Co

0

0

0

131

109

216

995

Sr

1,270

558

5.9

15.8

23.6

1,720

18

Cs

4,830

5,140

5,150

14,700

1,830

1,100

25
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Column tests are used to approximate dynamic field performance by flowing
contaminated solutions through a column of soil or adsorbent. Flowthrough
tests have advantages such as the ability to use larger samples of material
and closer simulation of actual site conditions where water percolates
through the barrier. The primary product of a column test is the break-
through curve, which is a plot of contaminant concentration exiting the
column as a function of the number of pore volumes of solution passed through
the column. The fundamental purpose of the column test is to produce a con-
taminant breakthrough curve identical to the breakthrough curve of the field
barrier. A pore volume is the void space in the adsorbent within the column.
Column tests provide less useful data as the laboratory conditions depart
from the field conditions. Since the actual barrier is expected to contain
contaminants for several hundred years, the actual ESB time span cannot be
matched in a laboratory experiment. As an example, PNL studies on sorbent
materials for a typical humid LLW site are described in a later section of
this paper.

Estimating Sorbent Barrier Thickness and Permeability

Much of the information described in previous sections of this paper is
required as input to calculate the thickness of the sorbent barrier necessary
to meet performance objectives. The thickness will depend on the amount and
composition of the waste stored in the trenches, 1eachabi1ity of the waste,
annual infiltration rates, soil and aquifer properties, and distance to the
site boundary. These data are used as input to analytic equations or a
computer model, such as PATHRAE, to predict the levels of contaminants at the
site boundary. An iterative approach is used with these models to calculate
the barrier thickness. The barrier thickness is adjusted until the model
calculates that contaminant levels meet all regulatory limits.

In addition to evaluating the retardation of contaminant migration, it is
also important to evaluate the hydraulic behavior of the barrier system to
ascertain that the moisture flow patterns will not compromise barrier per-
formance. Simple analytic equations may not be rigorous enough to project
the true performance of the barrier. Moisture flow in layered systems com-
prising materials with dissimilar properties can be difficult to model and
may require the use of finite element or finite difference models such as
UNSAT2 or similar models. The results of these moisture simulations may
indicate that a different layer thickness or configuration may be necessary
to meet performance objectives.

Contaminant Transport Modeling

A computer model, such as PATHRAE, will be used to determine the barrier
thickness by simulating the transport of contaminants from the waste to the
site boundary. The thickness of the barrier will be adjusted until the
calculated dose at the site boundary is within the applicable limits.
PATHRAE is a code developed for the U.S. Environmental Protection Agency
(EPA) to estimate annual whole-body doses to a critical population group by
landfill or incineration methods. PATHRAE is part of a family of codes used
by the EPA to generate basic data for environmental impact statements.
PATHRAE calculates doses caused by all pathways, including groundwater,
atmospheric, surface water, and food chain. For SLBs, groundwater transport
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typically contributes an overwhelming majority of the total dose. Conse-
quently, the applicable standard will be the interim EPA drinking water
standard of 4 mRem/yr.°

PATHRAE uses analytic equations to determine the transient contaminant
transport in the saturated (aquifer) and unsaturated (vadose) zones. Major
assumptions of PATHRAE are 1) plug flow in the unsaturated zone, 2) decoupl-
ing of longitudinal and transverse dispersion in the saturated zone, and
3) no dispersion in the vertical direction of the saturated zone. Elimi-
nating dispersion produces conservative estimates of contaminant concen-
trations since the contaminant is not diluted or dispersed ovar larger
areas. Once the information is gathered, the final results should be checked
using simplified analytic equations. The conditions and properties that are
used as input to PATHRAE are presented in the flow diagram in Figure 2.

Moisture Transport Modeling

An unsaturated water flow code such as UNSAT2 also can be used to calculate
the effect of the water infiltration rate on residence time of leachate in
barrier; this information can be used to determine the required barrier per-
meability. Laboratory tests would then be run to determine the proper mix
of adsorbent and soil. Another advantage of computer codes is the ability to
quickly determine the effects of variation in different parameters for a
sensitivity analysis.

ESB Construction and Costs

Waste trenches have been employed for decades to store solid low-level radio-
active waste. Placing a sorbent material on the bottom of a waste trench
would not introduce any new construction techniques or require significant
additional labor. The same equipment and procedures used currently would be
employed.

The cost of constructing a trench is normally estimated using the volume of
excavated soil. The additional cost of laying down a sorbent layer will also
be estimated using the volume of material to be applied. The major addi-
tional cost of the sorbent barrier will be the raw material. The greatest
cost reduction of an ESB will come from reducing the trench volume by using
the maximum trench slope and packing the waste containers tightly, and using
the minimum required sorbent barrier thickness.

The procedures for constructing an ESB waste trench will include site prep-
aration, excavation, barrier mixing and installation, compaction, gravel
layer installation, and surface contouring/compaction. Once the gravel layer
is in place, the waste is emplaced and backfilled. After the trench is
filled, a soil topcover is installed.

PNL STUDIES ON CLINOPTILOLITE SORBENT MATERIALS IN FY 1988

Laboratory testing at PNL in FY 1988 focused on the adsorption behavior of
clinoptilolite and activated carbon with a simulated leachate. Based on
previous testing, these adsorbents were chosen as applicable sorbent barrier

47



materials because adsorption performance was good and the cost was relatively
low. Clinoptilolite materials from two different deposits, CH and XY, wt:e
examined, but only CH was used for most of the tests. The simulated \ donate
in all the tests contained the standard composition of 1 ^Ci/L each ui °^Sr,
6 0Co, and ^ ' C s ; 100 ppm each of Ca, Na, and Mg ions; 1 ppm of IOTA as a
complexing agent; and adjusted solution pH of 5. The ions were added to
compete with the radionuclides and EDTA was added to complex the °^Co. Nor-
mally °^Co is not mobile except in the presence of a complexing agent, which
acts as a carrier. All tests were performed using both CH clinoptilolite and
activated carbon; the size fraction of clinopti1olite was -5 +35 mesh and the
activated carbon was as received from the manufacturer. Modifications to the
standard simulated leachate and adsorbents will be described as they
occurred.

Baseline tests were run under the standard conditions for comparison with
tests performed in 1986.3 j^g activated carbon showed adsorption results
very similar to earlier test results, while the CH deposit of clinoptilolite
was more effective than found in previous testing. This increased
effectiveness has been attributed to the new CH clinoptilolite being mined
from a deeper portion of the natural deposit. The XY clinoptilolite did not
perform as well as the CH clinoptilolite and was not tested further because
of its higher cost. The CH clinoptilolite was particularly effective in
adsorbing °^Sr, and the activated carbon was the only effective adsorbent for
EDTA-complexed ^ C o . The ^'Cs was strongly adsorbed by most materials.

Several test conditions were varied in batch contact tests:

solution pH - to determine its effect on adsorption
solid:solution ratio - to construct an adsorption isotherm
length of batch contact time - to determine the rate of adsorption
adsorbent particle size - to alter the rate of adsorption
type of ions - to identify potential model contaminants.

Each of these areas will be described in more detail in the following
sections.

Solution pH

Cl inoptilol ite and activated carbon were tested with an initial solution pH
of 1, 3, 5, 7, and 9. The adsorption of both cl inoptilolite and activated
carbon did pot vary at pH of 3 and above. Figure 3 shows a typical curve of
the Kd of °5Sr on clinoptilol ite as a function of pH. Since most groundwater
will be above a pH of 3, the groundwater pH will have no effect on the
adsorption coefficient. The remainder of the tests were performed at a
solution pH of 5.

Adsorption Isotherms

An adsorption isotherm is a plot of the amount of ion adsorbed onto the solid
adsorbent versus the concentration in the solution (at equilibrium). The Kd
is the slope of the adsorption isotherm curve. Varying the solid:solution
ratio changes the amount of contaminant adsorbed from the solution and
creates different equilibrium solution concentrations. Because all the
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Figure 3. Effect of pH on Sorption of Sr onto Clinoptilolite

isotherms were linear in the low concentration range studied, the use of a
constant Kd was appropriate when estimating sorption. Figure 4 is a typical
example of an adsorption isotherm. The adsorption curves for °^Sr, "^Co, and
13'Cs were linear throughout the expected range of concentrations on both
activated carbon and clinoptilolite. Linear adsorption will simplify the
groundwater contaminant modeling because the Kd will be constant.

Contrasting desorption data were obtained by mixing solids saturated with
contaminants with fresh standard solutions. The purpose of these revers-
ibility tests was to determine the amount of contaminants that would desorb
from the solid. The desorption data created linear isotherms similar to
those of the adsorption data but at lower equilibrium concentrations. In
essence, the desorption created additional adsorption data at lower equilib-
rium concentrations. The reversibility of the adsorption implies that the
adsorption mechanism is simply physical adsorption and not irreversible
chemisorption.

Adsorption Kinetics.

The adsorption of *^Sr on clinoptilolite and ^ C o on activated carbon
required several days to reach equilibrium. This time period is in contrast
to the instantaneous kinetics assumed when Kd values are applied in
calculations of radionuclide migration. Figure 5 shows the effect of contact
time on the Kd values for °5Sr. Tests were performed at contact times of
1/2, 1, 4, 16, 72, 120, and 256 hours.

The slow adsorption kinetics requires that any flowthrough column tests be
run at extremely slow flow rates if equilibrium is to be obtained between the
solids and leachate. The kinetics found in this study would require column
tests to be run for several years before breakthrough would be observed.
Consequently, alternative methods were examined to accelerate column testing.
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Alternative methods of conducting the flowthrough tests in an equilibrium
condition were investigated to identify a method of testing in a reasonable
time frame (several months). The two methods investigated were the use of
finely ground material and the use of model contaminants that have lower Kd
values and faster kinetics.

One technique for accelerating column tests, used by manufacturers of acti-
vated carbon, is to use very small particles of adsorbent. The fine par-
ticles reduce the path length for interparticle diffusion. The rate of
adsorption is increased if the interparticle diffusion controls the overall
rate of adsorption. If chemical kinetics are controlling, then reducing the
particle size will not increase the adsorption rate.
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Batch contact tests were completed with ground and standard-sized clinoptil-
olite and activated carbon at different solidtsolution ratios and contact
times. Figure 6 shows the effect of particle size on the rate of adsorption.
The ground activated carbon (-200 mesh) had a slightly faster adsorption rate
than standard-sized activated carbon. The implication is that the inter-
particle diffusion is a controlling mechanism for adsorption of °°Co onto
activated carbon, although the relationship is not strong enough to imply
that it is the rate-limiting step. The adsorption rate of 85Sr on ground
clinoptilolite (-200 mesh) was net altered by the particle size, an indica-
tion that the rate of chemical reactions is limiting the adsorption.

Possibly, the adsorption of aaSr onto clinoptilolite follows a series of
faster competing ionic adsorption; the adsorption of 8^Sr is thermo-
dynamically more stable but occurs at a slower kinetic rate than other com-
peting adsorption. The increased adsorption rate for activated carbon was
not high enough to allow this technique to be used for flowthrough column
tests.

The ions of magnesium, barium, sodium, bromide, copper, and calcium were exa-
mined using batch contact tests. The ions were chosen for their chemical
similarity to 8^Sr or 60r,o# j n e mosi promising ion was magnesium with a low
Kd of 15 to 20 mL/g but a slow adsorption rate. Magnesium would be well
suited for field studies, but could not be used in column tests. In Fig-
ure 4, a comparison is shown between the adsorption curves of 8^Sr an(j ^g+2
onto clinoptilolite. The amount adsorbed is proportional and linear at allp pp
concentrations. The adsorption rate of Mg+2 is slow, requiring 120 hours
reach equilibrium, as with 85Sr. No model contaminant with fast adsorpti
was identified; therefore, column testing was not pursued.

to
on
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CONCLUSIONS

Engineered sorbent barriers are an inexpensive and effective method for
shallow land burial trenches and easily can be constructed using existing
equipment and procedures. Furthermore, long-term maintenance will not be
required. The PNL design guide will provide guidelines for designing and
constructing sorbent barriers.

Sorbent barriers have numerous additional applications:

--as a top cover to prevent contaminant uptake from vegetation
--as an inner layer within a leachate/liner trench to produce a clean
leachate

--as backfill around an above ground or below ground vault to prevent
release of contaminants following a breach in the primary container.
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LEACHATE MOVEMENT THROUGH UNSATURATED SAND AT A LOW-LEVEL
RADIOACTIVE-WASTE DISPOSAL SITE IN NORTHWESTERN ILLINOIS

PATRICK C MILLS AND M. PETER DEVRIES

U.S. GEOLOGICAL SURVEY, URBANA, ILLINOIS

ABSTRACT

Movement of radionuclides and volatile organic compounds in soil water (leachate)
were examined in an unsaturated sand deposit immediately underlying trenches at
a low-level radioactive-waste disposal site near Sheffield, Illinois. Physical
and hydraulic properties of the 2.0- to 8.0-meter thick sand deposit were
defined from core samples- Soil-water samples were collected from 16 gravity
lysimeters and 1 vacuum lysimeter from September 1986 through October 1987.

Preliminary results include the following:

1. Tritium, halogenated aliphatic hydrocarbons, halogenated aromatic
hydrocarbons, nonhalogenated aromatic hydrocarbons, and methyl esters
were detected in the soil water. Gross alpha and gross beta concen-
trations were detected at background levels.

2. Tritium flux through the gravity lysimeters ranged from 0.18 to 1.74
microcuries per year and totaled 5.14 microcuries per year.

3. In most locations, soil-water movement occurred as slow, steady,
unsaturated flow; more rapid saturated flow occurred along isolated,
narrow (less than 1 square millimeter), vertical flow paths.

4. The homogeneous texture and hydraulic properties of the sand deposit
imply that the location of flow paths primarily is dependent on the
locations of water entry into, and flow paths within, the void-rich
trenches.

5. The timing of water movement through the saturated pathways in the
sand deposit was influenced, in part, by individual precipitation
events and seasonal climatic trends.

6. Changes in tritium concentration were attributable to changes in
soil-water flux and to apparent deterioration of waste containers
within the trenches.

INTRODUCTION

Leachate (waste-altered soil water) movement through an unsaturated sand deposit
was examined at a low-level radioactive-waste disposal site near Sheffield,
Bureau County, Illinois (fig. 1). The study, conducted from September 1986
through October 1987, was limited to an area at the site where the sand deposit
immediately underlies several disposal trenches (figs. 1 and 2). The objective
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of the study was to characterize leachate movement through the sand deposit by
(1) determining the leachate chemistry, (2) calculating the flux of leachate,

(3) identifying the spatial and temporal distributions of leachate movement/ and
(4) determining the factors influencing leachate movement. This paper presents
the preliminary results of the study.

The Sheffield disposal site is located on 8.1 hectares of rolling terrain.
During the operating life of the site (1967-78), approximately 85,000 cubic
meters of waste, with a total activity of about 60,000 Curies, were buried in
21 trenches. The trenches were constructed, for the most part, by a cut-and-
fill process in unsaturated, unconsolidated, glacial and post-glacial deposits.
No liners were placed in the trench floors; trenches were covered by mounded,
clayey silt caps. Wastes were deposited in the trenches in a variety of con-
tainer types and sizes, in random to ordered arrangements. Eleven distinct
rock-stratigraphic units ranging in texture from silty clay to pebbly sand have
been identified in the unconsolidated deposits at the site. The unconsolidated
deposits are underlain by about 140 rn (meters) of shale, mudstone, and coal.
The unsaturated zone at the site averages about 12.8 m in thickness.

The sand deposit under investigation underlies approximately 70 percent of the
site and is the principal conduit of ground-water flow and tritium migration
(Foster and others, 1984). Across the site, the deposit ranges in texture from
a silty lacustrine sand to a well-sorted pebbly sand, and averages 4.5 m in
thickness. The average saturated hydraulic conductivity of the sand is 5.9 x
10"^ m/s (meters per second).

In the study area, where the sand deposit immediatly underlies trenches 1 and 2,
it is medium grained, well sorted, and ranges in thickness from about 2.0 to 8.0
m. Between the trenches, the sand deposit is overlain by a low-permeability
sand-silt-clay till; a similar till deposit underlies the sand. During the
study period, the water table remained within the underlying till deposit.

Previous Studies

Five years (1981-85) of soil-moisture tensiometer data from the subtrench sand
deposit indicated that spatial variability of liquid pressure head and soil-
water content dominated temporal variability (Mills and Healy, 1987). During a
typical year (1984), there was a 1,600 mm (millimeter) range of pressure head
within the sand deposit (-600 to 1,000 mm), whereas the average pressure head
varied only 20 mm (-260 to -240 mm) between the periods of seasonal drying and
wetting. This study and a subsequent study by Healy and Mills (1987) concluded
that water movement through the sand deposit is generally slow and steady,
flowing vertically under a unit hydraulic gradient.

During a 1982-84 study, tritium was detected in soil water from vacuum lysime-
ters at concentrations ranging from 12,000 to 350,000 pCi/L (picocuries per
liter), with an average of 110,000 pCi/L, and dissolved organic carbon was
detected at concentrations ranging from 41 to 109 milligrams per liter (C. A.
Peters, U.S. Geological Survey, written commun., 1985). Healy and Mills (1987)
described water from sand cores collected in 1987 in which tritium concentra-
tions ranged from 7,700 to 590,000 pCi/L, averaged 73,000 pCi/L, and had a
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coefficient of variation of 1.74. Mills and Healy (1987) reported that, with
few exceptions, tritium concentrations in the subtrench sand and till deposits
fluctuated independently of detectable changes in soil-water content. During a
1983 study, tritium in water vapor, carbon-14 (C ) in gaseous carbon dioxide
(CO^), and C^4 and tritium in several organic gases including methane, ethane,
propane, and butane were detected in gas samples from the sand deposit (R. G.
Striegl, U.S. Geological Survey, oral commun., 1988). Striegl noted that for
C^4 to be present in gaseous CO^, it must also be present in the dissolved car-
bon present in the magnesium-calcium bicarbonate soil water at the site.

METHOD OF STUDY

Access to the subtrench sand deposit was provided by a 120-m long by 2-m wide
tunnel (fig. 2). Core samples (50 mm in diameter by 50 mm long) were used to
describe the physical and hydraulic properties of the sand deposit (Healy and
Mills, 1987). Sixteen galvanized-steel gravity lysimeters (fig. 3) and one
polyvinylchloride (PVC) vacuum lysimeter were used to collect soil-water samples.
The gravity lysimeters were installed within the sand deposit below trench 2 and
below the till deposit between trenches 1 and 2 (fig. 2). The vacuum lysimeter
was installed within the sand deposit below trench 2. Gravity-lysimeter samples
were collected daily to monthly. One vacuum-lysimeter sample was collected
during the study.

PRELIMINARY RESULTS

Leachate Chemistry

Leachate collected from the gravity lysimeters was analyzed for the following
radioactive indicators: gross alpha, gross beta, and tritium. Tritium was the
only radionuclide detected above its background concentration of 200 pCi/L.
Tritium concentrations ranged from 290,000 to 960,000 pCi/L, and averaged'
580,000 pCi/L.

Contaminants other than radionuclides were detected at several locations in the
sand deposit. Indicators of contamination included odors from soil cores,
coloration of soil-water samples, and quenching effects during radioassay by
liquid scintillation (Thatcher and others, 1977). Soil water was extracted by
vacuum lysimeter for a synoptic analysis of volatile organic compounds (tables 1
and 2). The compounds detected were primarily halogenated aliphatic hydrocarbons
but also included halogenated aromatic hydrocarbons, nonhalogenated aromatic
hydrocarbons, and methyl esters. Because of the use of suction to extract the
sample and excess head space in the lysimeter and sample vial (due to a smaller-
than-standard sample size), actual concentrations may be higher than those shown
in table 1. The use of PVC tubing in the lysimeter may have influenced the
chemistry of the water sample. Similar compounds have been detected at higher
concentrations in soil water in the cover of trench 2 (C. A. Peters, U.S.
Geological Survey, written commun., 1985) and in the ground water at the site
(Goode, 1986).
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Table 1.—Volatile organic compounds identified in the unsaturated sand
deposit underlying trench 2 at the Sheffield site

[All values in micrograms per liter]

Compound Class
Concen-
tration

Chloromethane
Chloroform
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,3-Dichloropropene
Methylbromide
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1,1,2-Trichloroethane
1,1-Dichlorobutane

Chlorobenzene
o-Dichlorobenzene
p-Di chlorobenzene
1-Chloro-4-Iodo-Benzene

Ethylbenzene
Toluene
Xylene

2,2,3-Trichloropropanoic acid
5-Bromo-2-Furancarboxylic acid

Halogenated aliphatic hydrocarbon
do.
do.
do.
do.
do.
do.
do.
do.
do.

Halogenated aliphatic hydrocarbon

Halogenated aromatic hydrocarbon
do.
do.

Halogenated aromatic hydrocarbon

Nonhalogenated aromatic hydrocarbon
do.

Nonhalogenated aromatic hydrocarbon

Methyl ester
Methyl ester

3.4
4.9
3.4
1.2
6.5
5.7
3.0
0.5
1.3
1.4
1.0

0.5
Trace1

Trace1

1.0

0.5
0.9

Trace1

5.0
1.0

'•Detection limit is 0.5 micrograms per liter.

Flux of Water and Tritium

Soil-water fluxes through the sand deposit were estimated by using the following
equation:

F = Q/A, (1)

where F = soil-water flux (LT~'),
Q = volume discharge from lysimeter (L T~ ), and
A = area of lysimeter orifice perpendicular to direction of water

movement (L ).

Computed fluxes (table 3) ranged from 1.16 x 10~11 to 8.02 x 10~9 m/s, and
averaged 1.27 x 10 m/s. To obtain water from a gravity lysimeter, the host
sediment must be at or near saturation (Hornby and others, 1986). The computed
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Table 2.—Volatile organic compounds analyzed for, but not
identified, in the unsaturated sand deposit
underlying trench 2 at the Sheffield site

[All values in micrograms per liter]

Concentration
detection

Compound limit

Benzene less than 0.5
Bromoform do.
Carbon tetrachloride do.
Chlorodibromomethane do.
Chloroethane do.

2-Chloroethylvinylether do.
m-Dichlorobenzene do.
Dichlorobromomethane do.
1,1-Dichloroethene do.
1,2-(t rans)Dichloroethene do.

1,2-Dichloropropane do.
1,2-Dibromoethylene do.
Styrene do.
1,1,1-Trichloroethane do.
Trichloroethene do.

Trichlorofluoromethane do.
Vinyl chloride less than 0.5
Methylene chloride1 less than 2.0

!o.7 micrograms per liter in blank; may be present in
sample.

Table 3.—Soil-water flux data from gravity lysimeters in the
subtrench

Gravity
lysimeter

sand deposit at the Sheffield site

Soil-water flux
(meters per second)

Minimum Maximum

GL4 1.16 x 10~11 2.42 x 10"9

GL6 5.79 x 10"11 7.41 x 10"10

GL7 8.10 x 10"11 1.60 x 10"9

GL8 3.94 x 10"10 9.84 x 10~10

GL9 6.71 x 10"10 8.02 x 10~9

GL10 1.39 x 10"10 2.63 x 10"9

GL11 4.98 x 10"10 3.66 x 10~9
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fluxes indicate that the sand deposits monitored by the gravity lysimeters are
not fully saturated. If saturated, the flux should be approximately equal to
the 3.9 x 10~4 m/s average saturated hydraulic conductivity of the subtrench
sand deposit (assuming vertical flow under a unit hydraulic gradient).

Annual tritium flux through the sand at a gravity-lysimeter location (table 4)
can be estimated by using average annual tritium concentration, the annual
volume of soil water collected, and by assuming negligible molecular diffusion
of tritium. Average annual tritium concentrations ranged from 380,000 to
670,000 pCi/L. The annual volume of soil water collected ranged from 0.36 to
2.60 liters per year. Estimated annual tritium flux ranged from 0.18 to 1.74
pCi/yr (microcuries per year). Total annual flux through all the lysimeters
was 5.14 uCi/yr.

Table 4.—Tritium flux data from gravity lysimeters in the subtrench
sand deposit at the Sheffield site

[Values are in liters (L), picocuries per liter
(pCi/L), and microcuries per year (iiCi/yr)]

Gravity
lysimeter

GL4

GL6

GL7

GL8

GL9

GL10

GL11

Spatial

Annual
volume of
water

collected
(L)

1.03

.36

.53

.57

2.43

1.45

2.60

Average
annual
tritium

concentration
(pCi/L)

380

490

500

530

630

640

670

and Temporal Distribution of Leachate

Annual
tritium
flux

(jjCi/yr)

0.41

.18

.26

.30

1.53

.93

1.74

Movement

During 13 months of operation, leachate was collected from 7 of 16 gravity
lysimeters (fig. 4). All seven lysimeters were located below trench 2. No
leachate was obtained from the four lysimeters below the intertrench till
deposit. Drainage was periodic at four and continuous at three of the seven
lysimeters that produced leachate.

Data from the gravity lysimeters indicated that water and leachate movement
varies in both space and time within the sand deposit. Drainage and flux data
indicated that in addition to slow, steady, unsaturated flow of water through
the sand deposit, there are an undetermined number of localized flow paths
through the sand where more rapid near-saturated to saturated flow occurs.
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If the flow paths are assumed to be fully saturated, then the cumulative cross-
sectional area of all the paths intersected by an individual gravity lysimeter
can be estimated by using the following arrangement of equation 1:

A = Q/F.

By assuming flux at full saturation is equivalent to the average saturated
hydraulic conductivity of the sand deposit (3.9 x 10~4 m/s) and by using the
maximum measured discharge from the gravity lysimeters (2.93 x 10^ cubic milli-
meters per day at GL9), it is calculated that the cumulative cross-sectional
area of all flow paths intersected by an individual gravity lysimeter should not
exceed 8.62 x 10""' square millimeter.

Soil-water flow behavior was quite variable between gravity lysimeters, even
over small distances. Data from six adjacent lysimeters, which captured flow
into a 1.2 mby 0.5 m horizontal plane, show that drainage into three lysimeters
(GL9 to GL11) occurred continuously from September 1986, but drainage into the
three remaining lysimeters (GL6 to GL8) did not begin until December 1986.
Figures 4 and 5 show that soil-water and tritium fluxes during specific periods
of drainage also varied between the closely spaced instruments.

Factors Influencing Leachate Movement

The till deposit between the trenches appears to limit water movement into the
underlying sand, as indicated by the lack of detectable water movement through
lysimeters below the till. Mills and Healy (1987) showed that the till deposit
limited the downward movement of soil water and induced lateral movement of
water near the southern end of the tunnel.

As indicated by the values in table 5, there is limited variability in the phy-
sical and hydraulic properties of the sand deposit. The locations of saturated
flow paths within the sand deposit does not appear to be directly attributable
to variations in sand texture, unless texture variations are of a scale smaller
than the detection levels allowed by the applied core-sampling technique.

The locations of saturated flow in the sand deposit appear to be related to the
locations of flow in the overlying trenches. Numerous voids within the trenches,
as indicated by burial records and trench-surface collapse holes, provide con-
duits for locally saturated flow through the trenches (Mills and Healy, 1987).
The location of flow paths within the trenches may be indirectly related to
location of water entry into the trenches; the primary locations of water entry
into the trenches include trench edges, swales between trenches, and collapse
holes (Healy and others, 1983). Six of the seven gravity lysimeters at which
saturated water movement was detected were located below the edge of trench 2.
Water entering trenches at swales would be expected to move downward along the
trench edge. Collapse holes in the trench surface occur primarily along the
trench edges as well, but also may develop at random locations elsewhere in the
trench surface (Gray and McGovern, 1986).

The timing of water movement through the saturated pathways in the sand deposit
was influenced by individual precipitation events and seasonal climatic trends.
The near continuous supply of water to the sand at some locations indicates that
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Figure 5.--Trends in tritium concentrations at gravity-lysimeter locations in the
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Table 5.—Physical and hydraulic properties of the subtrench
sand deposit at the Sheffield site

Property Mean CVJ Range

Bulk density
(g/cm3)2

Median particle
size (mm)3

Volumetric moisture
content (d)1*

Saturated hydraulic
conductivity (cm/s)^

1.64

.330

.060

.039

0.03

.07

.16

.45

1.47 to 1.69

.248 to .380

.043 to .105

.012 to .098

= coefficient of variation = standard deviation/mean
2-q/cnr = grams per cubic centimeter
3mm = millimeter
**d =•= dimensionless
5cm/s = centimeter per second

at somewhat regular intervals throughout the year precipitation rapidly entered
the trenches (through trench swales and collapse holes?), circumventing the
typical seasonal cycle of storage and release of soil water from the trench
cover to the saturated zone (Mills and Healy, 1987). A direct relation between
occurrence and rate of precipitation and soil-water flux in the sand deposit is
inhibited by the moderate storage capacity of the loosely compacted silt fill in
the trenches. Although depressed, as compared to other locations in the tunnel
area (Mills and Healy, 1987), there was a seasonal variation in the flux of soil
water through the sand deposit. Flux was at a minimum during winter when pre-
cipitation generally was in the form of snow and at a maximum in early summer
following the early spring period of low evapotranspiration, snowmelt, and
increased precipitation. Although not a factor in the study area during the
period of study, the typical increase in trench-cover collapse holes in spring
(Gray and McGovern, 1986) could also contribute to seasonal variations in soil-
water flux in the sand deposit.

Tritium concentrations (fig. 5) indicate three trends, two related to soil-water
flux, and one related to apparent changes in trench conditions. Gravity lysime-
ters GL7, GL9, GL10, and GL11 show one relation between tritium concentrations
and soil-water flux in which concentrations decreased during late summer and
winter as flux decreased and increased during spring and early summer as flux
increased. This relation, which was most apparent between September 1986 and
July 1987, reflects the importance of soil-water movement as a mechanism for
leachate movement. A second relation with soil-water flux, superimposed on the



first relation, showed what appears to be a dilutionary effect. In January
1987, for example, concentrations at GL6, GL7, GL8, and GL9 decreased as flux
increased and increased as flux decreased. There was no apparent seasonal bias
in this relation. A third trend was suggested where fluctuations in tritium
concentration were random, with no apparent relation to changes in soil-water
flux. In this case, fluctuations in concentration were most likely related to
changes in the supply of leachable tritium, either because of deterioration of
waste containers or changes in the pathways of water movement through the
trenches. This trend is exemplified by the continuous increase in tritium con-
centrations at GL9, GL10, and GL11 through the fall 1987, despito a seasonal
decrease in flux (as compared to the increase in early summer).

SUMMARY AND CONCLUSIONS

Movement of radionuclides and volatile organic compounds in water were examined
in an unsaturated sand deposit immediately underlying a trench at a low-level
radioactive-waste disposal site near Sheffield, Illinois. Core samples were
obtained to define the physical and hydraulic properties of the sand deposit.
Sixteen gravity lysimeters and one vacuum lysimeter were operated from September
1986 through October 1987 for analysis of the chemistry and flux of soil water.

Preliminary results include the following:

1. Tritium, halogenated aliphatic hydrocarbons, halogenated aromatic
hydrocarbons, nonhalogenated aromatic hydrocarbons, and methyl esters
were detected in the soil water. Gross alpha and gross beta concen-
trations were detected at background levels.

2. Tritium flux through the gravity lysimeters ranged from 0.18 to 1.74
pCi/yr and totaled 5.14 yCi/yr through all lysimeters.

3. In most locations, soil-water movement occurred as slow, steady,
unsaturated flow; more rapid saturated flow occurred along isolated,
narrow (less than 1 square millimeter), vertical flow paths.

4. The homogeneous texture and hydraulic properties of the sand deposit
imply that the location of flow paths primarily is dependent on the
locations of water entry into, and flow paths within, the void-rich
trenches.

5. The timing of water movement through the saturated pathways in the
sand deposit was influenced by individual precipitation events and
seasonal climatic trends.

6. Changes in tritium concentration were attributable to changes in
soil-water flux and to apparent deterioration of waste containers
within the trenches.

Implications for low-level radioactive-waste disposal include the following:

1. Water-quality sampling should not be restricted to radiological
constiuents.
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2. Instruments typically used to monitor water movement and collect
fluid samples in the unsaturated zone may be inappropriate when used
in unconsolidated sand units, because localized saturated flow paths
may go undetected.

3. Water-quality sampling schedules may be tailored to local spatial and
temporal patterns.
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STATUS OF DISPOSAL SITES FOR THE DEPARTMENT OF ENERGY'S
FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM

JAMES R. KANNARD
BECHTEL NATIONAL, INC.

BACKGROUND

The Formerly Utilized Sites Remedial Action Program (FUSRAP) is
a U.S. Department of Energy (DOE) program to evaluate and remedy
radiological and chemical contamination conditions at sites across
the nation where contamination exceeding current guidelines remains
from the early years of the nation's atomic energy program or from
commercial operations that resulted in conditions Congress has
mandated DOE to remedy. FUSRAP was initiated in 1974 and now
includes 29 sites in 12 states. Since the start of field work in
1979 through the end of fiscal year 1987, more than 285,000 yd3 of
contaminated material have been removed during remedial action and
one permanent disposal facility has been constructed. Current
estimates are that the program will be completed in the year 2002 at
a cost of approximately $960 million. Significant issues in the
immediate future are the development of permanent disposal sites to
permit the program to be completed and the impacL of the Superfund
Amendments and Reauthorization Act (SARA) on the program.

The need for permanent disposal facilities specifically for
FUSRAP wastes was recognized early in the program. Not only were
the FUSRAP sites too far from existing DOE facilities, but as a
matter of DOE policy, radioactive wastes resulting from defense
programs can not be disposed of in commercial disposal sites.
Additionally, the estimated volume of wastes resulting from remedial
action at FUSRAP sites was too large and the specific activity too
low to warrant such a significant reduction in the capacity of
existing DOE facilities. Further, the severe cost impacts
associated with long distance transportation of bulk, radioactive
materials, the minimal risk associated with reasonable storage
scenarios, and the historical resistance to transporting radioactive
materials across state lines focused DOE planning on in-state
disposal sites. In states where FUSRAP sites whose low total volume
would not justify the development of a separate disposal site and
would not significantly reduce the capacity at existing DOE sites,
the plans focused on disposal at the DOE sites.

The selection and development of disposal sites was known to
require significant time. Although the radioactive materials were
known to represent a minimal risk to the public health and
environment, the need remained for the expeditious removal of the
waste to engineered facilities to avoid potential changes in
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exposure or release due to modified property use. Additionally, DOE
accepted an ethical obligation to minimize any impacts (real or
imagined) on property owners—home owners in particular.

Because of the complexities of developing a disposal site, a
plan was developed to proceed with remedial action before permanent
disposal sites were available. To accomplish this, the waste from
remedial action activities would be placed in temporary storage at
"interim storage sites." To the extent practical, these interim
sites would be located where the contamination originated, i.e.,
plant sites already contaminated with most of the radioactive
material in the vicinity. Once at these locations, in protected and
monitored environments, the waste would remain until an in-state,
permanent site could be made available. Once available, all the
contaminated material would be transported to the permanent facility
and the interim site would be remediated and released for
unrestricted use. Figures 1 through 5 are photographs of the
interim storage sites that have been established.

FIGURE 1 — INTERIM STORAGE PILE AT COLONIE INTERIM STORAGE SITE IN
COLONIE, NEW YORK. THE CONTAMINATED SOIL AND RUBBLE FROM REMEDIAL
ACTION AT VICINITY PROPERTIES ARE BEING STORED INSIDE THE ORIGINAL
PROCESS BUILDING.
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FIGURE 2 — THE INTERIM STORAGE SITE AT THE MIDDLESEX SAMPLING PLANT IN
MIDDLESEX, NEW JERSEY.

FIGURE 3 — DURING 1987, THE INTERIM STORAGE PILE AT THE WAYNE INTERIM STORAGE SITE
IN WAYNE, NEW JERSEY, WAS UNCOVERED TO ACCOMMODATE ADDITIONAL MATERIAL. THE
PILE WAS THEN RE-COVERED.
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FIGURE 4 — INTERIM STORAGE AT THE HAZELWOOD INTERIM STORAGE SITE IN
HAZELWOOD, MISSOURI.

FIGURE 5 — MAYWOOD INTERIM STORAGE SITE, IN MAYWOOD, NEW JERSEY.
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waste Description

The waste from FUSRAP activities represents a relatively narrow
range of physical and radiological characteristics, especially when
compared to more traditional, low-level radioactive waste. FUSRAP
waste is predominantly soils, building rubble, and equipment that
can not be readily decontaminated. The soils usually include a
fraction of organic materials, e.g., wood chips resulting from
removal of a tree stump. The radioactive contamination resulted
from processing uranium and thorium ores, and consists of isotopes
from those respective decay chains. Concentrations are as much as
several thousand picocuries per gram, and the average ranges from
approximately 50 to 100 pCi/g. The total volume of FUSRAP waste is
currently estimated to be more than 1.5 million cubic yards; Table 1
gives the volume of waste from each site and state. It is clear
from this table that permanent disposal sites would be targeted for
the States of New York, New Jersey, Missouri, and perhaps Maryland.

ISSUES

As with any complex program, time generates a variety of issues
that must be addressed; FUSRAP is no exception. Several of the
important issues for FUSRAP relate to public relations, government
agency interactions, regulatory requirements, and mixed waste
requirements. The implications of each of these issues has
manifested itself in different ways and combinations across the
sites and their associated states. The following discussion is not
intended to be exhaustive, but rather representative of issues which
have arisen.

Public Relations

The "Not in my backyard," or NIMBY syndrome, is well known in
the nuclear business. In relation to FUSRAP, NIMBY applies to the
selection of disposal sites in several ways.

First, it applies to establishing interim storage sites. Even
though a particular site might already be contaminated with
radioactive materials, the prospect of an interim storage site
raises the specter of the site becoming a permanent one, through
conniving or default. The public outcry easily becomes: "It's
been there for 40 years and hasn't hurt anyone - leave it alone,"
or "It's a DOE problem, take it to a DOE site out west." Figure 6
shows examples of headlines from local newspapers in communities
where interim FUSRAP storage sites are located.

Second, NIMBY applies to the selection of permanent disposal
sites. While the plan to locate such facilities in those states
with a significant FUSRAP volume is generally a practical matter,
such plans invariably generate emotionally charged resistance. The
bottom line is that, in general, the public does not understand the
difference between a picocurie and a curie, nor are they inclined to
learn if it means accepting a disposal site in their community. As
with any type of waste disposal siting effort, no one wants one
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TABLE 1

FUSRAP WASTE VOLUMES

State

New York

New Jersey

Missouri

Maryland

Massachusetts

Site

Ashland 1
Seaway Industrial Park
Linde Air Products
Ashland 2
Colonie

Dupont
Middlesex Sampling Plant
Wayne
Maywood

St. Louis Downtown
St. Louis Airport
Hazelwood
St. Louis Vicinity Properties

W. R. Grace

Shpack Landfill
Ventron Corporation

Volumes (yd^

84,000
48,000
26,000
48,000
30,000

7,000
88,200
120,000
270,000

70,000
250,000
211,000
219,000

36,000

400
5,000

) Totals

236,000

485,210

750,000

36,000

Michigan

Connecticut

General Motors

Seymour Specialty Wire

200

25

5,400

200

25

1 ,512 ,835
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nearby, especially one that is radioactive. And, as with all
matters nuclear, a zero-risk environment is the only acceptable
solution. An often heard public comment is: "We did our share for
the war effort, now it's time for the rest of the country to accept
its share by taking the waste."

The combined impact of applicable environmental laws provides
for an increased level of public participation in the decision-making
processes that relate to FUSRAP. As that level of participation has
increased, project plans for disposal sites have required rereview
and reevaluation, and in some cases, revision. In this situation,
there is no question but that the costs will be higher and the
schedules longer than would have been required with the original
plans. But the necessity exists, and public relations plans are now
conforming with those instituted under the Superfund Program. While
the result may not be significantly different from that originally
conceived, public input will have been systematically incorporated.

Regulatory Developments

Before the passage of SARA in 1986, FUSRAP complied with the
National Environmental Policy Act (NEPA) and the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA)
through an environmental and engineering review process based on
NEPA. Relative to locating disposal sites, CERCLA appeared not to
apply unless a disposal site was targeted for one of the sites
requiring remedial action, which in CERCLA terminology, would be
considered an "on-site action." Because of SARA, the previously
used process has been reorganized to conform with the structure of a
Remedial Investigation/Feasibility Study (RI/FS) with its time and
resource intensive decision-making process. Delays in decision
making resulting from the implementation of the RI/FS approach are
approximately 2 to 2-1/2 years. Still, siting disposal facilities
for FUSRAP did not appear to be subject to CERCLA, and plans
proceeded based on compliance with the NEPA process.

This approach becomes more complex because of the difficulty in
proceeding with disposal site development before the RI/FS
decision-making process concludes that excavation and placement of
waste in a permanent disposal site is the appropriate remedial
action. Waiting for such decisions before developing disposal
sites, and then returning to remedial action activities could
increase schedule durations for many years and does not appear to be
the best way to protect the public health and the environment.
Without specific, technically feasible alternatives to consider
other than (1) leaving material in place, (2) excavating and
consolidating material on-site, or (3) transporting it to a
permanent disposal site, plans have proceeded to select disposal
sites. While some observers might infer that this represents a
predetermination of the preferred remedial action, in reality it is
only a practical approach, i.e., a reasonable schedule is achievable
only if the site selection process proceeds in parallel with the
RI/FS process. If decisions are made that preempt the need for a
disposal site, disposal site development can be discontinued. It is
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not unreasonable to expect that property acquisition would be
deferred until actual need is established by a formal Record of
Decision regarding the remedial actions to be implemented.

Government Agency Interaction

With the passage of SARA, Environmental Protection Agency (EPA)
and state government, as well as public, participation was increased
relative to the decision-making process for FUSRAP. This is true in
the case for both National Priority List (NPL) and non-NPL sites.
Relative to EPA, the currently active sites are interfacing with two
EPA regions and three state governments, not to mention local
governing bodies such as city councils. Because of competing
priorities within this framework, difficulties are encountered when
trying to establish working relationships and proceed with a well
planned, scheduled, and coordinated program. For example, EPA
regions are inconsisten. regarding the degree to which internal
resources can be applied to review planning documentation for sites
for which there is a high likej.ihood of designation as an NPL site.
Additionally, each EPA region is relatively autonomous. The
standardization FUSRAP had achieved in its approach is now subject
to the effects of EPA regional autonomy.

Mixed Waste Requirements

Every time the subject of mixed waste comes up people shake
their heads, mumble obscenities, and proceed to frustrate themselves
trying to reconcile what has escaped all attempts at reconciliation
to date. Rather than embark on an exercise in this frustration, I
will note only that the issue of mixed waste is relevant to several
FUSRAP sites. Present plans are to treat or dispose of mixed waste
at a site licensed to accept mixed waste. Should this prove to be
impractical or impossible and to the extent that the wastes are
subject to disposal at the planned FUSRAP disposal sites, the design
and licensing of those sites will need to accommodate them.
Although characterization work remains to be completed at a number
of sites, the volume of mixed waste is anticipated to be relatively
small. Nevertheless, small volumes of mixed waste can be a
significant issue.

CURRENT STATUS

New York

One permanent disposal site [the Niagara Falls Storage Site
(NFSS)] is already located in the State of New York, and another is
planned. The NFSS was conceived, designed, and approved to
accommodate only those wastes from the immediate vicinity.
Figures 7 and 8 are photographs of the NFSS. A class of
alpha-emitting residues with relatively high specific activity is
stored within facility. While not transuranics by definition, their
characteristics are similar. This situation has raised several
questions regarding the suitability of the design for long-term
storage of these materials. Once a decision regarding this residue
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FIGURE 7 — CHECKING MONITORING DEVICES AT THE NIAGARA
FALLS STORAGE SITE (NFSS) IN LEWISTON, NEW YORK. THE
WASTE IS CONTAINED IN THE "MOUND" BEHIND THE WORKER.

FIGURE 8 — THE NFSS AS IT IS TODAY.
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has been made and implemented, a permanent cap will be installed and
the site closed.

There are four FUSRAP sites in New York for which the RI/FS
process is under way. Three of these are located in the Town of
Tonawanda adjacent to the City of Buffalo, and one is located in the
Town of Colonie adjacent to the City of Albany. The RI/FS is
addressing the four sites collectively as one site — as permitted
under CERCLA/SARA. Preliminary site investigations at one of the
sites in Tonawanda has indicated that it has geological
characteristics desirable for a disposal site. Because on-site
actions are preferred under CERCLA/SARA and because using this site
(which is close to most of material in the New York yet to to be
disposed of) would reduce substantially the requirements for
transporting bulk materials, it is appropriate to seriously consider
the property for use as a disposal site.

This idea has been addressed in the RI/FS planning process and
has been communicated to the public, as required. Suffice it to say
that the public and their local elected officials have vehemently
resisted this idea so far. To minimize the potential for delay in
the event on-site action is not the selected remedy, an independent
and parallel site selection process under NEPA is currently being
considered. Should such a process be necessary, it will require a
significant amount of time to accomplish and will be similar in
approach to that being used to select sites for low-level waste
compacts. The net effect could be to delay the start of remedial
action for an additional 3 years. Since such delays may be contrary
to the protection of public health and the environment,
consideration of interim remedial actions (or "expedited response
actions") will be appropriate—including consideration of an
additional interim disposal site.

Feedback from the public has been vociferous and consistent:
"Take it out of the State of New York!" Waste of all types, which
is the legacy of heavy industrialization and the economic advantage
of a bygone era, is a constant source of irritation and even
embarrassment to the current population. The resistance encountered
relative to FUSRAP planning is also directed at plans to expand
waste disposal facilities of any type in the region of western New
York.

New Jersey

Only interim storage sites exist in New Jersey; only one, the
Maywood Interim Storage Site, is subject to receiving additional
material. A permanent disposal site is planned for the FUSRAP
materials currently in storage and remaining to be excavated, but
little progress has been made to date in attempts to initiate a
wide-area screening process. Because of adverse public sentiment
and political resistance, DOE has decided that proceeding without
specific cooperation from the state would not be efficient and would
be subject to too many obstacles. This has prompted attempts by DOE
to arrange an agreement with Mew Jersey to outline objectives and
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roles in the process. Discussions between the state and DOE
continue with the hope that the current impasse can be resolved, and
in fact, recent indications suggest that progress may be possible in
the near future .

Missouri

Congress, in the Energy and Water Appropriations Act of 1984,
directed that a site adjacent to Lambert-St. Louis International
Airport be used as a permanent disposal site for radioactive wastes
resulting from remedial action in the immediate vicinity.
Subsequent site investigations revealed that the site specified by
Congress is not large enough to accommodate the waste. The addition
of an adjacent property, including the rerouting of a road, would
provide the necessary space. Again, local opposition has been
vehement and frequent. The site in question, the St. Louis Airport
Site, is currently owned by the City of St. Louis. As the result of
intense negotiations between DOE and the affected municipalities,
the Missouri Department of Natural Resources, and EPA Region VII,
consideration is being given to transferring the necessary property
to DOE so that the project can proceed. It should be noted,
however, that a resolution is currently before the St. Louis Board
of Alderman that would have the City of St. Louis retain ownership
of the site, and preclude its use as a permanent disposal site. The
resolution strongly suggests that the solution to the problem is for
DOE to locate the disposal site in another location, i.e., NIMBY. A
decision by the local municipalities is expected before the end of
the year. In the meantime, RI/FS planning is proceeding and site
investigations are under way for the sites needing remedial action.

Maryland

The volume of waste resulting from remedial action at a FUSRAP
site in Baltimore, Maryland, may require a disposal site in that
state. Alternatively, an on-site action may prove to be the
preferred option. Site investigations have not begun, nor has the
environmental review process under CERCLA/SARA-NEPA. Therefore, a
site selection process has not been initiated. As further
information becomes available, the situation will be reevaluated.

EVOLVING STRATEGIES

what started out as a relatively straightforward approach to
siting and developing FUSRAP disposal facilities under NEPA has
evolved into one with convoluted interactions with the RI/FS process
for deciding the appropriate remedial action alternative at related,
contaminated FUSRAP sites. The remedial action program of site
investigations, engineering evaluations of alternatives, and public
interaction was well under way in accordance with NEPA requirements,
as were plans for disposal sites, when SARA interjected a new,
albeit technically similar approach for doing the same thing.
Responsibilities for decision-making had to realigned, and the
format and volume of documentation were significantly altered.
While the applicability of CERCLA/SARA to disposal sites is not in
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question, except to the extent that a disposal site and remedial
action site might coincide, the modified decision-making process for
remedial actions dictates that the two processes be inextricably
linked because the need to develop a disposal site depends on RI/FS
decisions regarding remedial activities. Decisions to excavate and
dispose of wastes at a permanent disposal site must likewise
consider the availability of such sites.

Since passage of SARA in late 1986, FUSRAP has been converting
to an RI/FS process for remedial action decision making under
CERCLA/SARA. The conversion has been complicated because of the
need to also remain in compliance with NEPA. Schedules and the
allocation of available resources have been affected, as has been
the approach for pursuing disposal sites. The present strategy is
to proceed with disposal site efforts assuming that the selected
remedial action at one or more of the related FUSRAP sites will
require such a site. Since any hypothesized approach must overcome
many hurdles, it is prudent to revisit and reevaluate previously
discarded options. Such options include ocean disposal and
out-of-state disposal.

In New York, consideration of one of the Tonawanda sites as a
disposal site through on-site action will continue as one of the
alternatives within the RI/FS process. In parallel, consideration
will be given to a wide-area screening process for the state
satisfying NEPA requirements. In New Jersey, DOE contact with the
state will continue, working toward a formal agreement to begin the
site screening process. In Missouri, DOE will await feedback from
affected local governments and proceed accordingly. In Maryland, no
action will be taken in the near term.

CONCLUSION

Disposal sites are never a welcome subject in communities where
they might be located, with rare exception. However, there remains
no lack of confidence within the program that acceptable solutions
will be forthcoming in the affected states. DOE, along with Bechtel
National, Argonne National Laboratory, Oak Ridge National
Laboratory, Oak Ridge Associated Universities, Eberline, and Weston
as contractors, are committed to that end.
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ISSUES IN CANADIAN LLRtf MANAGEMENT

D.H. Charlesworth
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories

Chalk River, Ontario, Canada KOJ 1J0

ABSTRACT

Some of the issues which are of concern in Canada are similar to those
being discussed in the U.S. because Canadian LLRW production is similar in
quantity and characteristics to that which will be handled by some state
compacts. This paper gives a Canadian viewpoint of:

- the choice between interim storage and permanent disposal;
- the importance of considering inadvertent intrusion;
- the role of waste categorization and stability; and
- the concerns in assessing disposal performance.

The discussion is related to AECL's LLRW disposal program, and its approach
to resolving these issues.

INTRODUCTION

Very generally, the low-level radioactive waste (LLRW) to be managed in
Canada falls into two broad categories (1) . The first is an existing
amount (15 000 000 m^) of primarily granular or soil-like material, con-
taminated with natural long-lived radionuclides and, in some instances,
with toxic components such as arsenic; the second is a much smaller
quantity which will continue to be produced at an average rate of about
10 000 ni /a, mainly by the nuclear industry, which thus contains primarily
man-made radionuclides having a wide range of half-life. This paper will
say little about the management of the first category, and focus on the
second category, a quantity and a variety of wastes which will be faced by
many of the state compacts currently moving toward the establishment of new
LLRW facilities.

Not surprisingly, some of the issues which are of concern in Canada are
similar to those being discussed in the U.S. This paper will give a
Canadian viewpoint (but with no claim that it is the Canadian viewpoint) on
several of these issues and an approach to resolving them.

The issues to be discussed can be expressed as a set of questions:

Is storage more appropriate than permanent disposal for LLRW management?
Is inadvertent intrusion a concern to be taken seriously?
Are waste categorization and stability essential ingredients in all
disposal systems?
Are performance assessments providing credible decisions?
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STORAGE OR DISPOSAL

Currently, all LLRW management facilities in Canada are licensed as
storage, not disposal, by our regulator, the Atomic Energy Control Board
(AECB). Included in these facilities are the two R&D sites of Atomic
Energy of Canada Limited (AECL), the Chalk River Nuclear Laboratories
(CRNL) where wastes have been managed for over 42 years, and the Whiteshell
Nuclear Research Establishment (WNRE), which established its facilities 25
years ago. However, a regulatory document recently issued by the AECB (2)
states "For the long-term management of radioactive wastes, the preferred
approach is disposal".

The preference for disposal is not unanimous. In 1987, a task force,
appointed by the federal government to develop a process for siting a
disposal facility, included in its report (3) the recommendation that the
concept of long-term storage be a guide in the development of any LLRW
management options. They supported this recommendation on the basis of an
observed public skepticism of disposal, and a preference that planning
accommodate improvements in waste management technology as they occur.
This same position has been obvious at a number of public meetings in the
U.S. On the other hand, the AECB's preference for disposal was based on a
prime objective of minimizing any burden placed on future generations and a
desire to minimize the reliance on ongoing institutional controls beyond a
reasonable period of time.

Although AECL's experience has confirmed that storage can be a safe and
economical method of managing LLRW, it has embarked on a program (4) for
the evolution from storage to disposal of LLRW at CRNL. This decision was
a response to several complementary aims, namely:

- to ensure that long-term responsibilities for LLRW management at CRNL
are discharged in a planned and timely manner;

- to avoid the unnecessary costs and radiation doses that could result
from two or more stages of handling if continued surveillance,
maintenance and potential retrieval and reemplacement were required
for hundreds of years;

- to demonstrate for other producers of LLRW, the regulators, and the
public that disposal is a safe, practicable and affordable operation.

Detailed design has begun of a group of three belowground concrete disposal
vaults, one of which is shown in Figure 1 at the operating stage, for
construction at CRNL to accommodate about 10 000 m3 of LLRW, the first
disposal facilities to be built in Canada. We refer to the first of these
IRUS modules (intrusion Resistant Underground Structure) as a prototype
because we plan to monitor its performance in detail beyond the needs of
safety assurance (for example, the water content and atmospheric composi-
tion within the closed vault), and to allow this initial experience to
influence the design, construction and operation of subsequent units. We
are hopeful that this approach will respond to some of the public's
concerns while making significant progress towards dealing with LLRW on a
permanent basis.
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FIGURE 1: The IRUS Disposal Model During Operation



INADVERTENT INTRUSION

The potential ways by which a disposal site could be disturbed in the
future by humans, plants, or animals, when the continuity of controls has
been lost, are limited only by the imagination of those evaluating the
risk. The difficulties in defining the risk realistically give the
impression at times that, though the issue of inadvertent intrusion is
identified, it is not addressed seriously. Should it be?

The Canadian regulations (2) do include the general requirement "The
predicted radiological risk to individuals from a waste disposal facility
shall not exceed 10'6 fatal cancers and serious genetic effects in a year,
calculated without taking advantage of long-tern institutional controls as
a safety feature". In the supporting text, long-term is inferred to be
beyond a few hundred years at most. The NRC regulations are more specific
in defining the maximum period as 100 years in which reliance can be
attached to controls, as well as requiring minimum standards of cover (or
equivalent barrier) over Class C waste for 500 years. However, the degree
of protection expressed as a dose or a risk is not specified.

The consequences of intrusion can be more serious than the potential
exposure of nearby residents as a result of normal performance of the
facility. The hazard may be to the intruder through direct contact with
exhumed waste or to others as a result of damage by the intruder to the
waste containment system, for example by impairment of the water-shedding
abilities of the cover. Conventional shallow land burial is particularly
vulnerable to such actions. Concepts which use concrete barriers are less
likely to be seriously affected, at least for the period the concrete
remains durable. However, vault-based concepts may include the supplemen-
tary protection of earthen covers that could be damaged by intrusion.

In the AECL LLRW disposal program, intrusion-related concerns have been
reflected in the design approach. Although a specific waste classification
system, such as provided in NRC's 10CFR Part 61, is not included in
Canadian regulations (the AECB prefers to avoid a detailed prescriptive
approach), AECL has planned the parallel use of three disposal concepts
matched to the duration of the hazards imposed by the wastes. The lowest
category of LLRW, that with a "hazardous lifeti»eH of less than 150 years,
will be disposed ofin an Improved Sand Trench (1ST), a shallow land burial
approach which depends on institutional controls to avoid intrusion risks.
The intermediate category of LLRW, those with hazardous lifetimes no
greater than 500 years, will be disposed of in IRUS modules, which include
a massive cover of specially formulated concrete that is relied on to
eliminate intrusion risk for at least 500 years. The category of LLRW for
which the hazardous lifetime is significantly greater than 500 years will
eventually be disposed of in a facility, such as a rock cavern, for which
the intrusion risk is negligible. In the meantime, until such a facility
is available, this latter category of waste will be kept in interim
storage.

In this "hazardous-lifetime" approach to categorization, intrusion risks
represent an important consideration in the prediction of the facility
performance which must be shown to maintain the annual overall risk level
below 10" . It is, of course, important to recognize that risk predictions
take into account the probability of an event, as well as its consequence.
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WASTE CATEGORIZATION AND STABILITY

Although Canadian regulations do not explicitly impose LLRW categorization
and stability requirements, effective disposal does, of course, require
their consideration. The multi-concept approach just described relies on
categorization to limit the radioactive inventory in the facility at the
time a specific exposure barrier, such as institutional control and vault
structural stability, may become ineffective. The risk from the residual
inventory is judged by predictive methods of performance assessment. One
key to the quality of such predictions is the degree to which categoriza-
tion ensures that the assumed inventory will not be significantly exceeded.

Stability of the disposal system is another factor with a major influence
on the quality of such predictions. The extent to which system charac-
teristics may change with time affects the level of uncertainty in the
risks predicted to be present years from now.

Waste class and waste stability are associated in the 10CFR Part 61
regulations because the origins of the regulations were based on shallow
land burial and a concern for the durability of the earthen cover. For
concrete-vault systems, the need for the association is less evident.
Waste stability will be of secondary importance in the limitation of
contact of the waste with infiltrating water. Thus, the emplacement of
unstable Class A wastes in the same vault with more stable Class B/C wastes
may be acceptable.

However, waste form stability can have other attributes besides cover
performance. Once the cover deteriorates, the rate of release of the
longer-lived radionuclides such as carbon-14 and iodine-129 could be both
limited and more predictable from stable waste forms. In the AECL program,
we have not yet decided what degree of importance (reflected through
acceptance criteria and fee structures) should be placed on waste form.
The decision will be influenced by the results from field lysimeters and
other tests we are doing to learn more about waste-form effects under a
variety of conditions (5,6). For example, we are investigating the release
of leachable and gaseous products from compacted wastes exposed to a range
of water contents that may be experienced in a vault system.

PERFORMANCE ASSESSMENTS

Key factors influencing the development and subsequent licensing of a new
disposal facility will be past experience, intuition, and performance
assessment through predictive mathematical modelling techniques combined in
a computer code with measured values of pertinent parameters. Past
disposal experience, world-wide, is important, particularly if it can be
assessed in a logical manner, but it must by necessity cover a relatively
short time span. Intuition draws on a broader base of experience but, as
will be discussed later, must be applied carefully. Performance assessment
by predictive modelling provides the only quantitative method of demonstra-
ting an expectation of compliance with regulatory risk or dos*> objectives,
but the quality of that demonstration is highly dependent on the knowledge
and degree of understanding on which the models are based.
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A "good" model must be a sufficiently complete representation of the total
disposal system that it reflects all of the factors and processes that
materially affect the system performance. In fact, if a particular feature
of the system is not at least indirectly accounted for in the model, then
it can only have a comforting role in deciding the acceptability of the
system. Since an actual disposal system with its inventory of waste is a
complex entity, a model of the system can be expected to be somewhat
complex as well. A simple simulation can, at best, give only gross
indications of likely performance. On the other hand, each additional
complexity introduced into the model probably magnifies the number of
assumptions needed and, therefore, may increase the level of uncertainty in
the output. A "good" model must have an appropriate balance of com-
plexities.

Validation of a complete model/code, i.e. an assurance that the calcula-
tions reasonably represent the controlling processes and factors in the
real system, will probably not be possible over the full range of condi-
tions and extended time periods involved. It is sometimes possible to
approach validation by breaking the system into submodels that represent
components of the whole that can be treated individually and compared to
realistic test results. Validation will be improved if the submodel has an
established theoretical foundation but, of course, the problem of extended
time periods may remain.

AECL's development of its COSMOS (7) and SYVAC (8) assessment codes has
applied this approach. For example, in COSMOS, the release processes are
treated as linked components which include, for example, diffusion in the
waste form, transfer to a boundary layer of water, water behaviour in the
vault, and biological decomposition of the waste. A particularly important
factor in the assessment of vault systems is the durability and performance
of concrete. Each of these components is being investigated experimentally
in order to obtain a required level of understanding, and to generate
parameter values that can be used either for validation or application of
the submodels.

It was mentioned earlier that in the development of a facility, intuition
must be applied with great care. Intuition arising from experience in
handling LLRW is strongly influenced by the concerns of the present -- such
factors as the radiation fields from the waste, and the hazards of con-
tainer failure. These concerns may be dominated by the inventory of
shorter-lived abundant nuclides. However, the results of a number of
performance assessments have shown that given a site with reasonable
hydrology coupled with a disposal design that limits water access to the
waste for a few hundred years, the predicted dose from migration in the
groundwater pathway of these nuclides (Cs-137, Sr-90, Co-60 for example) is
negligible. In contrast, the predicted doses that are meaningful arise
from the long-lived mobile nuclides C-14, 1-129 and Tc-99 that are present
in the waste in small concentrations that are difficult to determine
accurately, and for which intuition may not be very helpful in evaluating a
preferred approach.

Because of the importance of these nuclides, it is critical that their
behaviour be understood, and that the disposal system be designed to
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minimize their impact. Studies have begun in AECL and in other organiza-
tions to learn more about their behaviour and source quantities, but
adapting the disposal concepts to minimize their impact has received less
attention.

Because of their very long half-lives and their assumed relatively high
mobility, a high efficiency of containment of these nuclides is not
practicable with current methods. Most of the inventory will escape before
radioactive decay can occur. The best approach available to limit dose to
individuals appears to be to ensure a gradual release to the environment
under conditions that give efficient dispersion. For example, it is not
only important what the service life of a concrete vault will be - - 500 or
2000 years -- but also the manner in which it deteriorates. If the
subsequent releases will all occur over a short period of say 100 years,
the peak doses will be considerably higher than would occur if the design
promoted a slow, steady release over many centuries. Sensitivity analyses
have indicated that if the release is into a slow-moving aquifer, the doses
will be higher than if it is into a larger, faster flow.

If it is accepted that the emphasis is to control the rate of release and
to encourage dispersion, other options can become more attractive. An
interesting possibility is a wider application of incineration. Incinera-
tion will preferentially release and disperse the carbon-lA and, depending
on process conditions, possibly much of the iodine-129 and technetium-99.
It, of course, becomes a controversial issue whether it is preferable to
have a deliberate controlled release now (that keeps individual doses low)
rather than uncontrolled releases in the future (from which potential doses
might be considerably higher). Performance assessments are planned that
will give a quantitative basis for the discussion.

CONCLUSIONS

A number of issues are yet to be resolved in planning how LLRW will be
managed in Canada. The current program objective of making the transition
from interim storage to permanent disposal does not have the support of
everyone. Key questions are the reliance on prolonged institutional
controls and the risks of inadvertent intrusion.

The development of more complex models and codes for performance assessment
has generated a need for supporting experimental programs to provide
understanding and better estimates of the long-term behaviour of the
engineered parts of the system. It has also highlighted the need to
examine the factors that influence the potential doses arising from the low
concentrations of mobile long-lived nuclides in the waste.

Although some early decisions will be taken connected with these issues,
further studies are certain to keep a continuing interest in their final
resolution for a number of years to come.
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D I S P O S A L O F L O W - L E V E L M I X E D W A S T E IN T E X A S

R u b e n A . A l v a r a d o , P . E .
T e x a s L o w - L e v e l R a d i o a c t i v e W a s t e D i s p o s a l A u t h o r i t y

T h e T e x a s L o w - L e v e l R a d i o a c t i v e W a s t e D i s p o s a l A u t h o r i t y w a s
c r e a t e d t o p r o v i d e d i s p o s a l c a p a c i t y f o r a l l l o w - l e v e l
r a d i o a c t i v e w a s t e g e n e r a t e d w i t h i n t h e s t a t e o f T e x a s . In
t h e o p i n i o n o f t h e A u t h o r i t y s t a f f t h i s l e g i s l a t i v e d i r e c -
t i v e a s w e l l a s t h e L o w - L e v e l R a d i o a c t i v e W a s t e D i s p o s a l A c t
r e q u i r e t h a t t h e A u t h o r i t y p r o v i d e c a p a c i t y f o r t h e d i s p o s a l
o f l o w - l e v e l m i x e d w a s t e . T o a c c o m p l i s h t h i s t h e A u t h o r i t y
h a s m e t w i t h r e p r e s e n t a t i v e s o f t h e B u r e a u o f R a d i a t i o n
C o n t r o l , t h e A g r e e m e n t S t a t e a g e n c y in T e x a s , a n d t h e T e x a s
W a t e r C o m m i s s i o n , t h e R C R A d e l e g a t e d a g e n c y f o r t h e s t a t e o f
T e x a s . T h e s e m e e t i n g s h a v e s e r v e d t o a l e r t b o t h a g e n c y ' s t o
s o m e o f t h e c o n f l i c t i n g a d m i n i s t r a t i v e p r o c e d u r e s a n d t o
o b t a i n g u i d a n c e r e g a r d i n g a n a c c e p t a b l e d i s p o s a l u n i t
d e s i g n . T h e A u t h o r i t y u s e d a s a s t a r t i n g p o i n t t h e c o n c e p -
t u a l d e s i g n w h i c h w a s a g r e e d t o b y t h e N u c l e a r R e g u l a t o r y
C o m m i s s i o n a n d t h e U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y .
T h i s p a p e r p r e s e n t s t h e r e s u l t s o f t h e p r e l i m i n a r y d e s i g n
e f f o r t f o r a m i x e d w a s t e d i s p o s a l u n i t f o r t h e T e x a s
f a c i l i t y . T h i s p r o p o s e d d e s i g n h a s n o t b e e n r e v i e w e d b y
e i t h e r o f t h e l i c e n s i n g a g e n c i e s i n v o l v e d a n d s h o u l d n o t b e
c o n s i d e r e d a s b e i n g a p p r o v e d b y e i t h e r a g e n c y .

T h e p r e l i m i n a r y d e s i g n p r e p a r e d b y R o g e r s a n d A s s o c i a t e s a n d
S a r g e n t a n d L u n d y E n g i n e e r s a l l o w s f o r t h e d i s p o s a l o f m i x e d
w a s t e in c o n c r e t e c a n i s t e r s b e l o w e x i s t i n g g r a d e . T h e u s e
o f c o n c r e t e c a n i s t e r s i s r e q u i r e d t o c o m p l y w i t h T e x a s
s t a t u e s w h i c h r e q u i r e t h a t w a s t e d i s p o s a l a c c o m p l i s h e d b e l o w
g r a d e m u s t u t i l i z e c o n c r e t e o r o t h e r e n g i n e e r e d b a r r i e r s t o
e n h a n c e n a t u r a l s i t e p e r f o r m a n c e . T h e m i x e d w a s t e d i s p o s a l
u n i t s w i l l b e s e p a r a t e d f r o m t h e r e m a i n d e r o f t h e f a c i l i t y
b y b o t h a f e n c e a n d a f l o o d w a t e r d i v e r s i o n d i k e t o f a c i l i -
t a t e t h e d i f f e r e n t m o n i t o r i n g s c h e m e s r e q u i r e d b y t h e
v a r i o u s r e g u l a t o r y a g e n c i e s . S i n c e n o e x a c t s o u r c e t e r m in
a v a i l a b l e f o r m i x e d w a s t e , t h e d e s i g n a s s u m e s t h a t o n e p e r
c e n t o f t h e t o t a l w a s t e v o l u m e d i s p o s e d o f is m i x e d w a s t e .
T h i s e s t i m a t e i s b a s e d u p o n o u r d i s c u s s i o n s w i t h u t i l i t i e s
w i t h i n T e x a s a n d e l s e w h e r e .

E a c h m i x e d w a s t e d i s p o s a l u n i t is s i z e d f o r a n o m i n a l 15
y e a r o p e r a t i n g l i f e . T h e u n i t is 4 0 f e e t w i d e a n d 1 8 0 f e e t
l o n g a t i t s b a s e a n d i s d e s i g n e d t o a c c o m m o d a t e t w o f o u r -
c a n i s t e r w i d e l a y e r s o f c a n i s t e r s . E a c h u n i t w i l l h o l d 2 0 0
c a n i s t e r s w h e n c o m p l e t e d . E a c h u n i t h a s a s u b - b a s e o f c l a y ,
p r i m a r y a n d s e c o n d a r y l e a k d e t e c t i o n / c o l l e c t i o n s y s t e m s , a n d
a g r a n u l a r b a s e u p o n w h i c h t h e c a n i s t e r are p l a c e d . T h e
c a n i s t e r s are t o b e s u r r o u n d e d b y a g r a n u l a r f i l l a n d
o v e r l a i n by a m u l t i - 1 a y e r e d c o v e r s y s t e m 9 f t 6 i n . t h i c k .
T h e c o v e r s y s t e m a n d i n t e r n a l d r a i n a g e s y s t e m are d e s i g n e d
t o m i n i m i z e c o n t a c t b e t w e e n w a t e r a n d w a s t e . T h e i n t e r n a l
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d r a i n a g e s y s t e m c o n d u c t s f l u i d s a w a y f r o m t h e c o n c r e t e
c a n i s t e r s a n d p e r m i t s m o n i t o r i n g o f p e r c o l a t i n g f l u i d s a n d
t h e i r c o m p o s i t i o n . If an a c c u m u l a t i o n o f w a t e r is n o t
d e t e c t e d o f i f t h e l e a c h a t e is n o t a c t i v e l y r e m o v e d , t h e
f l u i d s w i l l n o t o v e r f l o w t h e d i s p o s a l u n i t a n d r e a c h g r o u n d
l e v e l b e c a u s e t h e d o u b l e l i n e r s y s t e m is t e r m i n a t e d j u s t
b e l o w e x i s t i n g g r a d e .

R a d i a t i o n e x p o s u r e l e v e l s a r e m a i n t a i n e d a s l o w as r e a s o n -
a b l y a c h i e v a b l e by d e s i g n f e a t u r e s a n d o p e r a t i n g p r o c e d u r e s .
B e f o r e p l a c e m e n t o f t h e c a n i s t e r in t h e d i s p o s a l u n i t , t h e
c o n c r e t e c a n i s t e r is f i l l e d w i t h g r o u t to f i l l all v o i d s a n d
t h e r e d u c e r a d i a t i o n e x p o s u r e l e v e l s . A f t e r a u n i t is
f i l l e d , it is b a c k f i l l e d w i t h g r a n u l a r m a t e r i a l t o p r o v i d e
a n a d e q u a t e b a s e f o r t h e c o v e r s y s t e m . T h e c o v e r s y s t e m
w i l l t h e n p r o v i d e a d d i t i o n a l s h i e l d i n g p r o t e c t i o n .

T h e b a s e o f t h e m i x e d w a s t e d i s p o s a l u n i t s is c o m p o s e d o f
f o u r l a y e r s . T h e f i r s t l a y e r b e l o w t h e c a n i s t e r s is a 2
f o o t t h i c k g r a n u l a r f i l l l a y e r s l o p e d to d r a i n to t h e s i d e s
o f t h e t r e n c h . T h e s e c o n d l a y e r is t h e p r i m a r y d r a i n a g e
l a y e r w h i c h c o n s i s t s o f 1 f o o t o f g r a n u l a r f i l l w i t h p e r f o r -
a t e d c o l l e c t i o n p i p i n g a n d f l e x i b l e m e m b r a n e l i n e r . T h e
t h i r d l a y e r is t h e s e c o n d a r y d r a i n a g e l a y e r w h i c h is i d e n t i -
c a l to t h e p r i m a r y d r a i n a g e l a y e r . T h e f o u r t h l a y e r is a 3
f o o t t h i c k c l a y l i n e r . T h e c l a y m u s i U b e c o m p a c t e d to
p e r m e a b i l i t y o f n o t m o r e t h a n 1 x 1 0 " c e n t i m e t e r s p e r
s e c o n d .

T h e 9 f o o t 6 i n c h t h i c k e a r t h c o v e r s y s t e m p r o v i d e d o v e r t h e
d i s p o s a l u n i t is c o m p r i s e d o f r i p r a p , g r a v e l , c l a y a n d a
f l e x i b l e m e m b r a n e l i n i n g . A d d i t i o n a l g r a n u l a r f i l l is p l a c e
a r o u n d t h e c a n i s t e r t o p a c k t h e m in p l a c e . T h e l a y e r s o f
t h e c o v e r s y s t e m a r e as f o l l o w s :

1 f o o t 6 i n c h e s o f r i p r a p f o r w i n d e r o s i o n c o n t r o l
a n d an a n i n t e r i m b a r r i e r

1 f o o t o f g r a v e l f o r w a t e r e r o s i o n c o n t r o l a n d as
a r u n o f f c o n d u i t .

F l e x i b l e m e m b r a n e l i n e r f o r p r e v e n t i n g w a t e r
i n f i 1 1 r a t i o n

1 f o o t 6 i n c h e s o f c l a y f o r a m o i s t u r e b a r r i e r

1 f o o t o f g r a v e l a s a s e c o n d a r y r u n o f f c o n d u i t

3 f e e t o f c o m p a c t e d b a c k f i l l f o r m a s s a n d
s t a b i 1 i ty

1 f o o t 6 i n c h e s o f c l a y f o r a s e c o n d a r y m o i s t u r e
b a r r i e r
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T h e e a r t h c o v e r s y s t e m is c o n s t r u c t e d w i t h a h i g h p o i n t at
t h e c e n t e r l i n e o f t h e d i s p o s a l u n i t . It is g r a d e d a w a y f r o m
t h e c e n t e r l i n e a t a t w o p e r c e n t s l o p e t o w a r d t h e d r a i n a g e
d i t c h e s a t e a c h e d g e o f t h e d i s p o s a l u n i t .

T h e m i x e d w a s t e d i s p o s a l u n i t s u t i l i z e p r i m a r y a n d s e c o n d a r y
l e a k c o l l e c t i o n a n d m o n i t o r i n g s y s t e m s to m i n i m i z e r e l e a s e s
f r o m t h e d i s p o s a l u n i t d u r i n g t h e o p e r a t i n g l i f e a n d t h e
r e q u i r e d p o s t c l o s u r e p e r i o d . P e r f o r a t e d p i p e s a r e p r o v i d e
in b o t h d r a i n a g e l a y e r s . T h e c o l l e c t i o n p i p e s a r e s l o p e d to
f l o w t o w a r d t h e c o l l e c t i o n s s u m p s . A t o t a l o f e i g h t
c o l l e c t i o n s s u m p s a r e p r o v i d e d f o r e a c h u n i t . F o u r s u m p s
are u s e d f o r t h e p r i m a r y s y s t e m a n d a n o t h e r f o u r a r e u s e d
f o r t h e s e c o n d a r y s y s t e m . T h e s u m p s a r e g r o u p e d ( o n e f r o m
t h e p r i m a r y s y s t e m a n d o n e f r o m t h e s e c o n d a r y s y s t e m ) a t
a p p r o x i m a t e l y t h e t h i r d p o i n t s a l o n g t h e l e n g t h o f o n e s i d e .
T h e p r i m a r y s y s t e m a n d t h e s e c o n d a r y s y s t e m c o l l e c t i o n s u m p s
a r e j o i n e d b y a n o v e r f l o w l i n e . A l s o , t h e s e c o n d a r y s y s t e m
h a s t w o o v e r f l o w l i n e w h i c h d i s c h a r g e to a g r a v e l d r a i n
f i e l d .

A 8 i n c h d i a m e t e r P V C v e r t i c a l m o n i t o r i n g p i p e is p r o v i d e d
f o r e a c h c o l l e c t i o n s u m p . T h e s t a n d p i p e m a y b e r e m o v e d o f
p l u g g e d a t t h e e n d o f t h e a c t i v e m o n i t o r i n g p e r i o d .

A s r e q u i r e d b y R C R A r e g u l a t i o n s t h e m i x e d w a s t e a r e a w i l l b e
p r o v i d e d w i t h a s t o r m w a t e r r e t e n t i o n p o n d s i z e d t o c o l l e c t
a l l t h e r u n o f f f r o m a 1 0 0 y e a r 2 4 h o u r s t o r m . F o r c o n s e r -
v a t i s m a r u n o f f c o e f f i c i e n t o f u n i t y w a s a s s u m e d in t h e
p r e l i m i n a r y d e s i g n . T h e e n t i r e f a c i l i t y is p r o t e c t e d w i t h a
d i k e s i z e d to d i v e r t t h e u p s t r e a m r u n o f f r e s u l t i n g f r o m t h e
p r o b a b l e m a x i m u m p r e c i p i t a t i o n w h i c h e x c e e d s t h e 1 0 0 y e a r
s t o r m r e q u i r e m e n t o f t h e E P A .

T h i s f a c i l i t y is d e s i g n e d to c o m p l y w i t h a l l a p p l i c a b l e
r u l e s f o r b o t h l o w - l e v e l a n d h a z a r d o u s w a s t e s a n d r e v i e w o f
t h e d e s i g n w i l l b e r e q u e s t e d a s s o o n a s t h e p r e l i m i n a r y
d e s i g n r e p o r t h a s b e e n f i n a l i z e d .
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Abstract

The continued upgrading of low level waste pretreatment and

disposal practices related to the UK Drigg disposal site is

described, noting the need to take into account operational

safety, long term post-closure safety, regulatory and public

acceptance factors.
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INTRODUCTION

BNFL undertakes the disposal of solid low level waste (LLW)

from its own operations and from other UK sources at a site

authorised for the purpose at Drigg in Cumbria, about four

miles from the Company's Sellafield Works. The site was

described at the Ninth Annual USDOE Low Level Waste

Management Conference in 1987 (ref 1).

PROJECTS

BNFL has embarked upon a major programme of improvements at

Drigg. These were described in Reference 1 and covered:

a capping of existing trenches and provision of ground

water cut-off barriers;

b refurbishment of the trench drainage system;

c compaction of suitable waste containerisation of all

waste;

d construction of concrete lined vaults for future

disposals.

During the past twelve months, the main area of progress has

been on the provision of the first concrete lined vault

(termed Vault 8). Phased construction commenced in October

1987 with hand-over of the first phase in September 1988 and

final completion scheduled for December 1988. The vault has

a nominal capacity of 180,000m and is built to a 50 year

design life. The structure is generally non-water retaining

although pile walling has been used on two walls to prevent

lateral migration of leachate from adjacent trenches. The

capital cost of Vault 8 is £8.6M ($15M).

LFJ30090.PAP

94



4 All waste sentenced to Vault 8 will be containerised.

Facilities for the compaction and containerisation of

Sellafield LLW are not scheduled for operation until early

1990 and thus, initially, only non-Sellafield waste which

will be containerised will be sentenced to Vault 8. In the

interim period, Sellafield waste will continue to be loose

tipped into the remaining portion of Trench 7. It is also

proposed that non-Sellafield waste will be high force

compacted from about 1990 either at Sellafield in a

dedicated facility or independently by consignors at the

site of origin.

5 It has been recognised that whilst the adoption of

containerisation will enhance the visual impact of

operations at Drigg, there will be penalties arising from

the inevitable creation of additional voidage* The

consequences of this will be:

a a reduction of up to 50% in the effective capacity of

the site;

b progressive collapse of the cap as the waste containers

degrade requiring ongoing restoration of the cap.

\

Optimisation of containerisation proposals and the possible

use of in-fill (eg gravel, cement) between and within

containers are being investigated as means of minimising the

extent of these penalties.

6 There is a growing public opinion that waste disposal should

be a reversible operation and thus studies have been carried

out into the feasibility of retrieving waste from Vault 8.

It has been demonstrated that whilst retrieval is feasible

it is only suitable as a remedial measure and could not

generally be adopted as a routine operational procedure.

The cost of retrieval increases significantly as the

condition of the original containers deteriorates.
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7 Temporary capping of the existing trenches to limit the

infiltration of rainwater has commenced. The spoil from

Vault 8 excavation has contributed towards the formation of

the cap profile (1:25 grade in accordance with UK guidance

for landfill sites). Once the profile has been formed, an

impermeable membrane will be laid and covered with top soil.

Work is scheduled to be complete by April 1989. The design

life of the cap is 30 years.

8 In conjunction with capping operations, a 600m long

groundwater cut-off wall is being installed in the NW area

of the site to control, together with the cap itself, a

known lateral migration of leachate. The wall will be lm

thick and up to 10m deep keying into the clay layer below

the level of the adjacent disposal trenches.

Cement/bentonite slurry will be used giving an initial
—9 —1

permeability of about 10 ms . Work commenced in June

1988. The total capital cost of the cut-off wall and

capping is £5.2M ($9M).

9 Leachate from the site drainage system is currently

discharged into a small stream which flows into the River

Irt and on into the Irish Sea. Work is, however, scheduled

to commence by early 1989 on the provision of batching tanks

and refurbishment of an existing marine pipeline (originally

installed when the site was a Royal Ordnance Factory) to

enable discharge direct to sea. Proportional sampling

equipment is also being installed on the existing site

drainage system. The total capital cost of leachate

management improvements is £5.5M ($9M).

10 The geology in the remaining areas of the site is known to

be less suitable than previously used areas with

discontinuities existing in the natural clay layer providing

the primary radionuclide containment. A study has therefore

been carried out to define a range of enhanced vault designs

that could be adopted independent of the geology of the

site. The range of options examined, therefore, all assumed

that the primary clay containment was imported.
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11 Three basic options have been considered:

Option 1 Based largely on Vault 8 philosophies with

non-water retaining construction and no cut-off

walls

Option 2 Enhanced Vault 8 philosophies with water retaining

construction, cut-off walls and additional

leachate control systems

Option 3 Fully enclosed storage facility (reinforced

concrete roof) with water retaining construction,

cut-off walls and additional leachate control

systems.

In each case 50 years and 300 years design lives have been

examined.

12 Preliminary assessments have shown that, when compared with

existing disposal trenches, the radiological impact of short

lived radionuclides would be substantially reduced for all

options. This is almost entirely due, however, to

containerisation of the waste. In the longer term, risks

would also be lower although this is presently difficult to

quantify. The general conclusion is that option 2 is the

preferred alternative offering superior leachate control to

option 1. Option 3 is ruled out on the grounds of a

significant risk of longer lived radionuclides becoming

exposed to the environment following the eventual collapse

of the roof.

CONTROL OF DISPOSALS

13 A new authorisation for the disposal of suitable waste at

Drigg has been negotiated with Government authorising

Departments and came into force on 1 February 1988. It

requires consignors to use best practicable means to compact

waste before disposal and it requires BNFL to use best
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practicable means to limit the migration of any

radionuclides from the waste disposed. Regulation is

applied to leachate for the first time, including weekly

concentration limits on specified groups of radionuclides

leaving the site via a stream.

14 Numerical annual limits are applied by the new authorisation

to individual radionuclides and groups of nuclides as shown

in Table 1.

TABLE 1

Annual limits on radioactivity in disposed waste

Category Annual activity limit, TBq

Uranium 0.6

Radium 226 + Thorium 232 0.03

Other alpha 0.3

Carbon 14 0.05

Iodine 129 0.05

Tritium 10

Others * 15**

* Others means beta emitting radionuclides with half

lives greater than three months and any other

radionuclides which may be specified (currently Iron

55).

** Of which the Cobalt 60 content may not exceed 2 TBq.

15 Waste may not be disposed if the alpha activity exceeds 4

GBq/t or if the activity of all other radionuclides exceeds

12 GBq/t, both categories being averaged over a consignment.

Excluded waste is formally defined in the UK as

"intermediate level waste" (provided it is not high level

waste).
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16 The form of the revised authorisation necessitates more

detailed controls than hitherto and also makes necessary an

annual bidding and allocation process of radiological

capacity in each of the categories identified. BNFL

undertakes this rationing of available annual radiological

capacity.

TECHNICAL PROGRAMME

17 In support of disposal operations at Drigg a range of

technical support studies have been carried out in recent

years. These have primarily related to environmental safety

aspects to date although with the introduction of a greater

degree of engineered measures significant emphasis is being

directed at establishing the basis for choice of such

facilities and evaluation of their performance.

18 The objectives of the technical programme are to support

both current disposal operations and to ensure the

continuing availability of disposal facilities for the

future. Key output features of the programme are:

a the identification of appropriate engineering features,

and

b the assessment of radiological impact of disposals.

In carrying out this work, particular emphasis is also

placed on the need to ensure public acceptance.

19 The work is organised in four principal areas, each of which

is described in more detail in subsequent paragraphs:

a Engineering studies

b Near-field studies

c Far-field studies

d Radiological assessments
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These areas are clearly inter-related and great emphasis is

being placed on the need for liaison between the various

areas. In particular, for example, the radiological studies

require inputs in terms of engineered barrier performance,

adsorption properties of the underlying clay and site

hydrogeological features. The output from such studies, in

particular from sensitivity analyses, in turn provides

feedback to the various design studies, laboratory

experiments and field studies. The cost of this overall

programme is currently approaching £1M ($1.7M) per year.

Each area of work is specified by BNFL, organised under a

designated management contractor and then guided and

reviewed by BNFL in a programme of close interaction.

ENGINEERING STUDIES

20 Recent engineering studies have been very much in immediate

support to current construction projects. For example, the

design concept for Vault 8 is that it is underlain by a clay

layer which acts as a low permeability barrier between the

vault and the underlying regional aquifer. In areas beneath

the vault the natural clay is not always laterally extensive

and in such areas excavation of the native material found

has been necessary. This has been replaced with an

aggregate: bentonite (95:5%) blend, which was developed by

materials specialists and used rather than, say, bentonite

alone due to its mechanical and handling properties and yet

still achieving permeabilities of the order of 10~ is" .

21 Currently being initiated are studies to consider a range of

engineered features associated with both future disposals

and also site control measures. For example, the use of

in-fill materials within and/or between containers is being

evaluated with potential benefits in terms of reductions in

settlement and long-term potential water flux, and enhanced

adsorptive properties. Capping and groundwater cut-off

walls will be evaluated, with particular emphasis on their
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long-term performance. Geotechnical testing is, for

example, to be carried out in regard to the cut-off wall

currently being installed. Specific further consideration

is also being given to what potential additional measures

might be applied to further reduce leachate arisings in the

existing trenches which, in practice, are likely to dominate

for many nuclides in terms of total disposals to the site.

NEAR-FIELD STUDIES

22 Included within the scope of this area of work are waste

characterisation (both in terms of activity and materials

composition), degradation and leaching properties, chemical

modelling and adsorptive properties of the disposal

environment and gas generation work (both chemical and

radioactive characterisation). In terms of waste leaching,

for example, considerable experience has been gained from

monitoring of existing disposal trenches and deriving, by

reference to trench inventories, empirical leach

coefficients. These are necessarily gross average values

and laboratory-derived leach coefficients are also being

derived for specific waste types and under various

conditions: compacted/uncompacted waste, non-cementitious/

cementitious environment, unsaturated/saturated flow. The

first large-scale waste lysimeter (about 0.8m ) began

operation in 1986 and has successfully reproduced trench

conditions and been useful in establishing leach

coefficients under experimental conditions. Several

additional such lysimeters are currently being established

together with a larger number, perhaps thirty, smaller scale

(30-100 litre) lysimeters.

23 Periodic surveys of gas composition within the trenches have

been carried out as part of this work. Both aerobic and

anaerobic conditions have been recorded, with generally low

methane levels as expected due to the specific exclusion of

putrescible materials from the wastes, although more
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recently limited areas of up to about 25% methane

concentrations in trench gas have been measured. In terms

of activity concentration, levels of H-3 and C-14 in trench

gas are lower than reported at some US disposal sites, with

peak Drigg values of about 2 x 10 and 5 x 10 Bqm~

respectively. Trench gas characterisation will continue,

particularly in regard to the developing conditions

post-trench capping.

FAR-FIELD STUDIES

24 The two principal aspects studied to date are site

hydrogeology and soil adsorption work. For some years a

complementary '- programme of hydrogeological field

measurements and numerical modelling studies has been

carried out. The primary emphasis to date has been on the

shallow, perched aquifer which is present across the site.

As well as being valuable in itself, this will act as an

input to the model currently being developed of the lower

regional aquifer. This modelling is based on the SWIP2

code, developed in the US, and is being used in conjunction

with the field measurements programme to derive a thorough

understanding of the site water balance. Work to date has

shown the good ability of this technique and current

emphasis is on iteration between modelling and measurements

leading to validation of the results.

25 Nuclide adsorption studies have been carried out for a range

of nuclides and soil types of interest. These have

principally used . the batch adsorption experimental

technique, with appropriate groundwater as the aqueous

phase. Considerable attention is being paid to establishing

adsorption values under conditions more closely

representative of those expected to prevail in situ. This

has included derivation of values from borehole samples

adjacent to disposal trenches and use of laboratory

techniques such as diffusion cells and column tests.
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Experiments have also been carried out using trench leachate

as the aqueous phase and also to consider the effect of

enhanced humic acid concentrations. These have shown the

effect for some soil types and some nuclides of reduced

adsorption coefficients. The basis for these observation is

part of the ongoing programme of work.

RADIOLOGICAL STUDIES

26 A recent study has been carried out, under contract to BNFL,

by the UK National Radiological Protection Board into the

radiological impact of disposal of LLW at Drigg (ref 2).

This used, together with literature data, the results of the

Drigg technical work and used site development plans as its

basis. Both short and long-term potential exposure pathways

were assessed including those from leachate discharge, those

associated with aquifers on or adjacent to the site

including potential future farming and those from direct

human intrusion into the wastes. It is the results of this

assessment, principally in terms of peak individual risks,

which have been used by comparison with the UK risk

criterion for radioactive waste disposal facilities of one

in a million per year as the basis of the annual activity

disposal limits expressed in the recently revised site

authorisation. These values therefore explicitly recognise

a radiological capacity for the Drigg site, like all others,

to receive radioactive waste.

27 For the future, the UK authorising Departments are currently

carrying out their own assessment of the Drigg disposal

facilities and this is expected to be published next year.

BNFL radiological studies are also planned to continue at

least for the next few years, with emphasis on refining the

currently assessed radiological capacity and to incorporate

within it the influence of potential engineering

developments of the Drigg site.
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PUBLIC ACCEPTANCE

28 The development programme described and continuing

operations are being undertaken against a background of

public interest and, to some extent, concern. Within the

immediately surrounding communities there is a particular

impact caused by project-generated traffic. More widely,

there is a need to promote a perception of Drigg waste

disposal as being in the interests of the adjacent

Sellafield reprocessing operation and of the wider community

of those using radioactive materials.

29 Upgrading of the Drigg arrangements is seen to be necessary

in the light of public concerns expressed over the years,

and more specifically expressed in the Report of the

Environment Committee of the House of Commons during 1986,

and in response to technical considerations such as pathways

for radioactivity back to man from empl*ced waste. A

Visitor Centre is available for use in conjunction with site

visits by interested groups.

30 BNFL is also sympathetic to calls for further infrastructure

improvements, partially related to the enhanced levels of

construction traffic, and for other community benefits.

It is important that requests from individual communities

are not allowed to undermine the BNFL strategy which is to

seek maximum benefit for given expenditure in the region as

a whole by routing a large majority of available funds into

a professionally-managed enterprise development agency.

Specific requests related to Drigg operations are therefore

referred in the first instance to the appropriate

authorities, statutory or otherwise, with some indication

that BNFL will give sympathetic hearings to any requests

from those authorities for particular assistance in defined

circumstances.
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31 Drigg developments, amongst other topics related to long

term radioactive waste management, have been described in

presentations made widely throughout the local area, and

sometimes further afield. The programme has included

elected representatives at all levels of local and national

government, community, labour union and special interest-

groups of many types. Developments are discussed within the

Sellafield Local Liaison Committee and close informal

liaison is maintained with the communities closest to the

Drigg site. Technical studies are published from time to

time.

SUMMARY

32 A strategy of long term storage of low level waste is being

developed based on the use of near-surface concrete vaults

having an environmental protection performance capable of

being monitored and with waste capable of being retrieved,

should this be required in the future.

33 The ongoing programme provides maximum practicable use of

the site in volumetric terms, within an acceptable standard

of presentation and of environmental impact. The necessary

technical support programme is in place.
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