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Welcome Address

In Soon Chang
President of Nuclear Environment Technology Institute

Korea Electric Power Corporation

It is with great pleasure that I open this NETEC workshop on shallow

land disposal technology and welcome all the invited lecturers and

participants to Nuclear Environment Technology Institute.

NETEC which is a special division of Korea Electric Power

Corporation (KEPCO) was established as of January 1, 1997. Around

150 staffs comprising scientists, engineers, and associated

administrative staffs are working for NETEC conducting projects

associated with the safe management of radioactive wastes and related

research and development.

Underground disposal of radioactive wastes has been practiced

around the world for at least as long as marine disposal. In this

country a conceptual design of rock-cavern type repository for low-

level radioactive waste was completed in 1993. However, the whole

program of radioactive waste repository has been seriously hindered

by the difficulty of site acquisition. Currently, NETEC is reviewing

both shallow land disposal option and rock-cavern disposal.
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The main purpose of this two-day workshop is to learn the state-of-

the-art shallow land disposal technology. Experts from Canada,

France, Spain, the UK, and the USA will give lectures on design,

operational experience, safety assessment, and licensing issues related

to each country's shallow land disposal facilities. Nowadays,

radioactive waste management is regarded as a matter of international

concern. I do believe that the benefit goes to all participants. In

addition, I hope that this workshop becomes a stepping stone for our

long-term relationship among the countries which practice or have a

special interest in the shallow land disposal discussing the current

issues and sharing the latest knowledge on the safe disposal.

I trust that this workshop will be successful and fruitful. I would like

to express my thanks for your participating in this workshop.

Thank you very much.
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Radioactive Waste Management in Korea

Ik Hwan Lee

General Manager, Projects Division

Nuclear Environment Technology Institute(NETEC)

Korea Electric Power Corporation (KEPCO)

Oct. 20. 1997

1. Introduction

Since the commencement of first commercial nuclear power

plant(NPP) Kori Unit 1 in 1978, 10 PWRs and 2 CANDU reactors

have been operated in Korea. From these NPPs, about 48,000 drums

of low level radioactive waste(LLW) and 2,800 tons of spent fuel(SF)

have been generated and stored at each NPP site. In addition, 2,070

drums of radioisotope(RI) wastes collected from RI users (hospitals

and industries) have been stored at Daeduk site of KEPCO-NETEC.

In order to meet the increase of radioactive waste generation due to

this nation's active nuclear power program (RI wastes is comparatively

less than that from NPPs), national radioactive waste management

program aiming at securing a centralized site for permanent LLW

disposal as well as SF interim storage was initiated by the Korean

Government in mid 1980' s. Early in 1995, a small Island, Guleopdo,

off the mid-west coast of Korean peninsula was designated as the

repository site for radioactive waste. However, the Guleopdo Project

was cancelled in late 1995 due to the existence of active fault zones

nearby the Guleopdo during site characteristic investigation.

2. Task Transfer on National Radioactive Waste Management

After through review and evaluation of the past performance of the

national radioactive waste management program, the Korean

Government decided early in 1996 the amendment of the national

radioactive waste management program and reorganization of the
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project management structure. With the respect of the Government's
new policy of national nuclear waste management program, the
radioactive waste management which had been carried out by the
Nuclear Environment Management Center (NEM AC) affiliated to
Korea Atomic Energy Research Institute(KAERI) was transferred to
the Korea Electric Power Corporation (KEPCO) in January 1997. And
the KEPCO established the Nuclear Environment Technology
Institute(NETEC) as a special division of KEPCO to carry out the
national nuclear waste management program.

Therefore, the NETEC has the responsibility on the national nuclear
waste management and the Ministry of Science and Technology still
have the responsibility for the control of the nuclear safety and
licensing.
The infrastructure of the NETEC consists of three division and
seven groups as shown below.

Projects Division

— Project Mng'mt Group

NPP Engineering
Support Group

— Site Promotion Group

President, NETEC

Technology Division

Engineering&Assessment
Group

Technology Development
Group

QA Team

Planning&Administration

Division

~ Planning Group

Administration Group

In order to finalize the task transfer on national radioactive waste

management, the associated laws and policies have been revised.



Revision of Laws

O The provisions for the radioactive waste management project

were removed from "the Atomic Energy Laws" and inserted

in "the Electricity Enterprise Laws".

O "The Act for Promoting the Radioactive Wastes Management

Project and Financial Support for Local Community" was

abolished, but the provisions for the local community support

were added to "the Support Laws for Communities

Surrounding Power Plants".

O The provisions for repository siting were inserted in "the

Special Act Relating to Development of Electric Power

Resources".

Research and Development (R&D) Fund

O The radioactive waste management fund provided from 1986

by the Law was abolished and a new nuclear R&D fund

was established.

O The nuclear R&D fund is provided by KEPCO with the yearly

ceiling of 1.2 won/kWh of nuclear power generation.

O Radioactive waste generators (KEPCO, RI users, research

institutes and etc.) are to bear the cost required for

radioactive waste management.

NETEC'S Responsibilities

The scope of radioactive waste management includes •'

O Treatment, transportation and disposal of low-level

radioactive waste from the operating nuclear power plants

O Treatment, storage and disposal of RI waste from

industries, hospitals, and research institutions

O Treatment, transportation and disposal of waste from the

decommissioning of nuclear power plants

O Transportation, away-from-reactor storage and treatment of

spent fuel

O R&D related to radioactive waste management projects

- 9 -



3. Prospects

Based on the new national policy of radioactive waste management,

the Korean Government will set up a new plan for the national

radioactive waste management and R&D programs in accordance

with the revised laws, new policies and responsibilities.

KEPCO-NETEC is preparing a long term plan for overall radioactive

waste management and will report to the Government for approval

by the end of this year.

From 1986, regional survey for repository site was initiated to

identify suitable areas. Since then, five separate attempts of survey

had been carried out along the east and west coast of Korea.

However, most of these attempts were stopped due to local

opposition and anti-nuclear groups. At this point, the attempt to

investigate new repository site will be started again based on our

passed experience.

O LLW management at NPPs

At present, about 48,000 drums of LLW/ILW are stored at 4

NPP sites and the cumulative amount of wastes will gradually

increase by the addition of NPPs in the future. However,

according to recent statistics of arising waste drums, the

yearly generation rate of drums of radioactive waste per NPP

indicates significant reduction in 509 drums/NPP-year in 1990

to 236 drums/NPP-year in 1996.

This reduction was achieved mainly by the KEPCO's

outstanding efforts for waste volume reduction by continuous

implementation of new technologies and by improvement of

old and inefficient treatment facilities.

O Status of spent fuel management

At present, about 2,800 tons of spent fuel are stored at NPP

sites and the generation rate of spent fuel is constantly

increased due to the continuous addition of NPPs. The

KEPCO will make efforts to solve such increase of SF by
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adapting appropriate measures for each NPP.

The NETEC will play a dominant role to manage these

projects.

O RI waste management
Until 1996, KAERI was responsible for managing RI wastes

arising from hospitals and industries. At present, this

function was transferred to NETEC so that the RI storage

facility located at Daeduk site is managed by NETEC. Due to

the rapid increase of RI users (at present about 1,000 users),

the annual generation rate of this type of waste is also

increasing. About 500 drums (based on open sources) of RI

wastes are annually collected and stored. The NETEC is

planning to increase the storage capacity to solve the space

problem of increasing RI wastes.

O Public acceptance (PA)

Even though the necessity of nuclear power generation has

been understood by the great part of the general public,

overall anti-nuclear movement has been escalated all over the

country together with environmental protection groups.

After local government system was established by direct

election of residents in 1995, it is more difficult to obtain PA

for nuclear applications, and the more criticism about nuclear

safety has increased.

Therefore PA programs for radioactive waste management are

being extensively carried out and promoted.

O Research and development

The R&Ds NETEC is aiming to are:

• Studies on spent fuel related project management

• Radioactive waste treatment technology

(including volume reduction)

• Radioactive waste disposal technology

• Decontamination and restoration technology

• Decommissioning of NPP
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• Shipping cask development for spent fuel

• Other R&Ds

The R&D of waste volume reduction is the one as important

R&D activities in NETEC.

O International cooperation

NETEC from the time of NEMAC, had made a lot of efforts

on international cooperation in the field of radioactive waste

management, and will continue to emphasize international

cooperation. Especially, NETEC will actively participate in the

following cooperation projects and want to keep close

relationship with radioactive waste management organizations

in other countries.

• OECD/NEA projects

• IAEA projects

• Bilateral and multilateral agreements on technology

exchange related to radioactive waste management.
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4. Summary

O In order to meet the increasing energy demand in Korea,

continuous promotion of nuclear power program will be inevitable

in the future. However, the use of nuclear energy eventually

requires effective and reliable radioactive waste management.

O For the safe and economical management of radioactive waste,

first of all, volume reduction is essentially required and hence the

development of related technologies continuously be pursued.

O A site for overall radioactive waste management has to be

secured in Korea.

KEPCO-NETEC will improve public understanding by reinforcing

PA and will maintain transparency of radioactive waste

management.

Korea is ready to smartly overcome all challenges in the radioactive

waste management. Also Korea is fully willing to share and learn all

experiences in both technologies and public awareness activities with

all nations and international bodies such as IAEA.
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Background

In accordance with the Low-Level Radioactive Waste Policy Amendments Act of 1985, states are
responsible for providing for disposal of commercially generated low-level radioactive waste
(LLW) within their borders. LLW in the United States is defined as all radioactive waste that is not
classified as spent nuclear fuel, high-level radioactive waste, transuranic waste, or by-product
material resulting from the extraction of uranium from ore. Commercial waste includes LLW
generated by hospitals, universities, industry, pharmaceutical companies, and power utilities. LLW
generated by the country's defense operations is the responsibility of the Federal government and
its agency, the Department of Energy.

Six commercial LLW disposal facilities operated in the United States between 1962 and 1997. All
are now regulated by states under agreements with the U.S. Nuclear Regulatory Commission
(NRC). Such states are referred to as Agreement States. Three of the sites have been closed
since mid-1970: West Valley, New York (1975), Maxey Flats, Kentucky (1977), and Sheffield,
Illinois (1978). The Beatty, Nevada site closed at the end of 1992. The Bamwell, South Carolina
site has plans to remain open to nationwide LLW generators for the next several years. The
Richland, Washington site receives LLW from only generators in the Northwest and Rocky
Mountain States. In addition, proposed disposal sites are in various stages of development in
California, Texas, North Carolina, and Nebraska.

The commercial LLRW disposal sites discussed in this report are located near:

• Sheffield, Illinois (closed)

• Maxey Flats, Kentucky (closed)

• Beatty, Nevada (closed)

• West Valley, New York (closed)

• Bamwell, South Carolina (operating)

• Richland, Washington (operating)

• Ward Valley, California, (proposed)

• Sierra Blanca, Texas (proposed)

• Wake County, North Carolina (proposed)

• Boyd County, Nebraska (proposed)

While some comparisons between the sites described in this report are appropriate, this must be
done with caution. In addition to differences in climate and geology between sites, LLW facilities
in the past were not designed and operated to today's. In the past, disposal sites accepted liquids,
loosely packaged waste, and higher concentrations of radionuclides which were not immobilized.
The experience from these operations is now reflected in stricter standards for LLW disposal at the
Federal and Agreement State level.

This report summarizes each site's design and operational considerations for near-surface
disposal of low-level radioactive waste. The report includes:

• a description of waste characteristics

• design and operational features
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post closure measures and plans

cost and duration of site characterization, construction, and operation

recent related R&D activities for LLW treatment and disposal, and

the status of the LLW system in the United States.

Waste Characteristics

Over the years, disposal limits for volume, activity, and packaging have evolved with regulatory
changes. The volume and activity level of waste disposed of at the four closed facilities in Table 1
shows that the Beatty, Nevada facility received the most volume while Maxey Flats, Kentucky
received the most activity. Following the description of waste disposed at now closed sites is a
description of the waste acceptance criteria for the operating and proposed disposal facilKies. The
reader should note that some of the criteria for proposed facilities are draft and considered
preliminary.

Closed LLW Disposal Sites

Sheffield, Illinois

Approximately 88,000 m3 (3,100,000 ft3) of LLW was disposed of in steel drums,
fiberboard boxes and drums, and steel liners at the Sheffield site between 1966 and 1978
(DOE, 1994). Although the site operator was not required to keep an inventory of waste,
studies (Nuclear Engineering Company, Inc., 1979) estimated the activity to be more than
2.257 E+15Bq (61,000Ci), consisting primarily of tritium, strontium, cesium, and cobalt

Maxey Flats, Kentucky

Approximately 140,000 m3 (4.9 million ft3) of waste, containing over 8.88 E+16Bq (2.4
million curies) of byproduct material, 431 kg (950 Ib.) of special nuclear material, and
240,000 kg (533,000 Ib.) of source material were buried at Maxey Flats from 1963 to1977
(DOE, 1994). The waste included tritium, plutonium, strontium, and gamma-emitting
radionuclides. Uncertainty exists regarding the activity of the waste because much of the
waste sent to the site was labeled mixed fission products (CRCPD, 1996). Most of the
wastes were solids received in steel drums. Other packages included concrete and steel
tanks, concrete vaults, and wooden and cardboard boxes. The materials included animal
carcasses and tissue, paper, cardboard, wood, plastics, organic chemicals, clothing,
protective apparel, laboratory glassware, obsolete equipment, ductwork,
radiopharmaceuticals, plastic tubing, and rubble. Other materials included solidified
liquids, shielding, filters, ion-exchange resins, activated metals, and evaporator sludge.

Beatty, Nevada

From September 1962 through December 1992, the site received a total volume of
139,500 m3 (4,930,000 ft3) of low-level radioactive waste, with a total radioactivity of
approximately 2.65 E+16 Becquerels (715,000 curies) (U.S. Department of Energy,
1996). The radioactive waste received at the site was primarily solid or solidified
materials, contaminated equipment, cleaning wastes, tools, protective clothing, gloves,
and laboratory wastes.
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West Valley, New York

From 1963 to 1975, about 66,553 m3 (2.35 million ft3) containing approximately 2.74
E+16 Bq (740,000 curies) were disposed of in the low-level radioactive waste portion of
the West Valley site (DOE, 1994). The waste was received from a variety of sources
including medical and academic institutions, industries, government facilities, nuclear
power plants, waste brokers, decontamination companies, and the West Valley site
operations. This portion of the site was licensed to accept three types of radioactive
wastes: (1) by-product materials including tritium, carbon-14, cobalt-60, iodine-125,
iodine-131, cesium-137, and americium-241; (2) source materials including thorium-232,
uranium-238, and natural uranium; and (3) special nuclear materials including
uranium-235, plutonium-238, and plutonium-239 (CRCPD, 1996). The majority of the
waste was packaged in steel drums, wooden crates, and cardboard boxes. Filter sludge
and fitters packaged in 55 gallon drums are among the waste disposed of at West Valley.

Table 1. Estimated total volume, activity, and package type for wastes received at facilities that are no

Site Volume Activity Package Type

Sheffield, IL

Maxey Flats, KY

Beatty, Nevada

West Valley,

New York

-88,000m5 (3,100,000ft3)

140,000m* (4,900,000ft3)

139,500 m3 (4,930,000ft3)

66,553m3 (2,300,000 ft3)

Estimated 2.257 E+15Bq
(-61,0000)

(primarily tritium, stronbum-90,
cesium-137, cobalt-60)

8.88 E+16Bq (2.4McQ byproduct
material

431kg (950b) SNM

240,000kg (553,000b) source

(Tritium piutonium, strontium, and
gamma-emitting radnnudides)

Approximately 2.65 E+16 Bq
(715,000 CO)
2.74 E+16 Bq (740,0000)

(By product material, source material,
and special nuclear material)

Wastes packaged in steel drums,
fiberboard boxes, fiberboard
drums, and steel liners.

Most of the wastes were solids
received in steel drums. Other
packages included concrete and
steel tanks, concrete vaults, and
wooden and cardboard boxes.

Steal drums, wooden crates, and
cardboard boxes. Filter sludge and
filters in 55 gal. drums

Operating and Proposed Disposal Sites

Experience from closed sites has taught us a great deal about waste and how to package it.
Evolving state and Federal regulations reflect what was learned from sites that have operated
since the 1960s. Specific details for the criteria for each operating and proposed commercial low-
level radioactive waste disposal facility can be found in A Comparison and Cross-Reference of
Commercial Low-Level Radioactive Waste Acceptance Criteria, published by the National Low-
Level Waste Management Program (1997). Waste acceptance criteria from the following entities
are included: U. S. Nuclear Regulatory Commission, South Carolina, Washington, California,
Texas, North Carolina, and Nebraska. Standards are also included for sites operating in Utah and
preliminary criteria for potential sites in Illinois, Pennsylvania, and New York. In most cases,
states have adopted the NRC's waste acceptance criteria or adopted more stringent standards.
No state has accepted lower standards than those defined by the Commission. A summary of the
criteria follows.

Physical form, chemical form, and liquids limits

The NRC waste acceptance criteria are defined in 10 CFR 61.56. These criteria identify
the allowable physical form of wastes as solids, absorbed liquids, and uncompressed
gases. NRC's standard does not allow waste to exhibit explosive or gaseous reactions
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and restricts liquid limits to < 1% by volume for high integrity containers or < .5% by
volume for other wastes. Some states allow absorbed liquids while others do not. Most
states have adopted the NRC's criteria for chemical form and liquid limits. In some cases
states have added additional restrictions on organic solutions.

Void space, concentration averaging, and packaging

In an effort to follow the NRC's directions to minimize void spaces, many states have
adopted a <15% by volume void space for all waste unless placed in a high integrity
container. While the NRC standard allows concentration averaging, many states do not
allow this approach for sealed sources or filters encapsulated in solidification agents. All
states adopted the NRC's standard to restrict cardboard or fiberboard packages.

Chelating agents, solidification media, and stability

The NRC standard states that any chelating agents >.1% must be reported. Some states
have put limits on chelating agents at < 8% by weight and also may require stabilization
of the wastes. The NRC requires that solidification media must comply with its Branch
Technical Position on waste form. States have adopted this standard but have added
specific waste forms acceptable at their individual sites. The NRC requires that Class B
and C wastes be placed in a high integrity container or must be in a form that is inherently
stable. All states have adopted the NRC's stability requirements and have in some
cases, established more stringent standards.

Sorptive media, gas, and oil

The NRC allows sorptive media to absorb liquids. Generally those states that do not
allow liquids have placed more stringent requirements on the liquids. The NRC standard
is silent on oil, however most states have set standards to solidify oil if > 10% by weight.
States have generally adopted the NRC standards of < 1.5 atm at 20 °C with a maximum
radioactivity of 100 curies for gases.

Biological waste, pyrophorics, and source material

The NRC standards require that biological waste be treated to reduce pathogenic or
infectious hazards. Most states have increased these standards to ensure wastes are
placed in sealed liners layered with absorbent and double drummed. The NRC standard
states waste must be treated or packaged to be non-flammable. States require this and
further require that wastes cannot react violently with water, moisture, or agitation. The
NRC standard is silent on restrictions for source material, but most states have adopted
mass limits for source material.

Special nuclear material, package dimensions, and incinerator ash

The NRC does not establish waste acceptance criteria for special nuclear material,
package dimensions, or incinerator ash. Most states have adopted mass limits for the
special nuclear material isotopes of U-233, U-235, and plutonium. Package dimensions
are largely based upon the specific site design and equipment available at the individual
sites. Most states also require that incinerator ash be treated to be non-dispersible in air.

Dewatered resins, transuranics, and mixed waste

The NRC standard allows dewatered resins but is silent on transuranics and mixed waste.
Most sites accept ion exchange resins and require that transuranics be evenly distributed.
Finally, most sites do not accept mixed wastes, thus creating a problem for disposal for
those generators of mixed waste.
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Design and Operational Features

Facility designs and operational features vary depending on the characteristics of the site, but they
all have one thing in common. They use a series of barriers to keep water from entering the
disposal area, coming in contact with the waste, and transporting dissolved radioactive material.

Closed LLW Disposal Facilities

Initially, waste disposal practices were similar to landfill operations that were directed towards
occupationally safe and efficient site operation. Little attention was given to the long term effects
of these practices or the hydrology of a site. (Prudic and Dennehy, 1987, Murray, 1994).
Operations were similar at all of the original sites. The land was cleared and regraded, and long
shallow trenches were excavated for the disposal of LLW. When the trenches were filled,
operators covered the trench with excavated soil and compacted the material. The area around
the trench was usually regraded to prevent runoff. At some sites the water table below the
trenches came into direct contact with the buried waste (Prudic and Dennehy, 1987). Following
closure, significant efforts have been made to cap these trenches to prevent migration of nuciides
from the sites. No one from the public has received any measurable dose.

The West Valley and Maxey Flats sites all experienced leaks and were closed (Murray, 1994).
Failures noted (NUREG/CP0028, 1982-3) include erosion by surface water, subsidence that
allowed water to percolate into the waste, and the "bathtub effect". The bathtub effect occurs
when water percolating through the trenches exceeds percolation out of the floors and walls
causing the trench to fill up with water, corrode waste containers, and overflow into the
environment. The bathtub effect was noted at West Valley and Maxey Flats.

Richland, Beatty, and Bamwell did not experience these design problems. Problems at these sites
involved site contamination when poorly packaged wastes arrived (Murray, 1994). Based upon
these incidents, the three states became concerned about the injustice of receiving the entire
nation's waste which gave rise to the Low-Level Radioactive Waste Policy Act of 1980.

Operating and Proposed Facilities

Today's sophisticated trench designs with improved covers, capillary barriers, and drains resulted
from knowledge gained from previous waste disposal practices. The new designs are intended to
minimize contact of water with the wastes, however long term performance of these designs is
untested, thus monitoring is still needed at all sites to assure that any release of radionuclides to
the environment is held within prescribed standards. Technologies used in disposal sites currently
in operation are restricted to modified shallow land burial methods. The Bamwell facility uses
layers of impervious clay to minimize infiltration of rainfall and groundwater. The Hanford facility,
located in an arid region, simply disposes of waste at a deep level (8 feet, >5 meters for Class C
wastes). Proposed technologies for disposal in high rainfall areas are using aboveground vaults
with multilayered-engineered soil caps that will place several moisture barriers between
groundwater and rainfall sources and the waste packages. In arid locations, shallow land burial is
still proposed, although the Texas site design calls for using concrete vaults for the placement of
waste in the trench. Bamwell, South Carolina has recently changed its waste package
requirements for concrete vaults as well. A description of the design and operational features for
operating facilities follows (CRCPD, 1996).

Barnwell, South Carolina

The Bamwell facility uses shallow land burial technology. Because the Bamwell facility is
located in a region of high annual precipitation. The trench is constructed with a
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monitoring system and moisture barriers to collect and remove leachate. The floor of the
trenches slopes to one side with a drain running the length of the trench. A layer of sand
is placed on the bottom of the trench to ensure that water entering the trench drains to the
sump for collection. When the trenches are filled with waste, sand is used to fill the voids
between packages. Soil placed over the backfilled trench, a layer of clay, and a layer of
soil and vegetation provide the cap for the trench.

Narrow trenches are excavated for waste with higher radioactivity levels. The trench floor
is lined with gravel to provide ready drainage. The waste is placed in the trench and
backfilled with clay, after which a cap similar to that used for the larger trenches is placed
on top of the trench.

Monitoring of the air on the site boundary and monitoring of the shallow levels of
groundwater are part of the environmental monitoring system. Potable water from the
deep aquifer 107 m (350 feet) is also sampled.

Richland, Washington (Northwest Compact Region)

The Hanford commercial low-level radioactive waste burial site in Washington disposes of
LLW for the Northwest and Rocky Mountain compact regions. The Hanford disposal site
is located in an arid region where the average rainfall is about 6 inches per year. The site
uses shallow land burial technology, which consists of an excavated trench, located a
suitable distance from ground and surface water and from the site boundaries. The
Hanford site consists primarily of soil, sand, gravel, and boulders. New trenches are
excavated to a depth of 14 meters (45 feet). Waste is placed in the trench up to 8 feet of
the original grade level. The trench is then backfilled using the excavated material and
compacted to the original grade level. A soil cap placed over the trench and a layer of
gravel and cobble is placed over the cap material to prevent erosion and discourage
burrowing animals.

Ward Valley, California (Southwestern Compact Region) ., ,

The State of California identified an arid site in Ward Valley in the Mojave Desert.
Shallow land burial will be the technology used at the Ward Valley site for LLW disposal.
Four trenches are proposed for disposal of Class A waste and a single trench is planned
for the disposal of Class A wastes in excess of 30R/Hr, Class B, and Class C wastes.
Because most Class A waste is not currently required to be stabilized, the trenches will be
sized such that backfilling can begin soon after the waste is placed in the trench, thereby
minimizing the exposure time of the waste to the environment. The Class A trenches will
be excavated to a depth of 18.3 meters (60 feet). Forty feet of waste will be placed in the
trench. The filled trench will be backfilled with 6 meters (20 feet) of soil, which brings the
level in the trench back to grade. An additional 1.2 meters (4 feet) (average) of soil will be
placed on the trench above grade level. The Class B and C trench will be excavated to a
depth of 12.8 meters (42 feet). Twenty two feet of waste will be placed in the trench.
Following placement of an engineered cap, the trench will be backfilled to grade level with
native soil. All trenches incorporate the use of a gravel mulch and vegetative layer to
minimize infiltration. An additional 1.2 meters (4 feet) (average) of soil will be placed on
the trench above the grade level. Earthen berms will be located on the up-gradient side of
the facility as a flood control measure.

The Ward Valley disposal facility will be located on a 1,000-acre site. The disposal facility
will be located on 70 acres of the site, with the remainder of the land acting as a buffer
zone. An 8-foot chain link fence topped with barbed wire will surround the disposal area.



A hardware doth skirt will be used to discourage burrowing animal intrusion. The
hardware cloth will extend below and above grade.

The facility will be equipped with a meteorological and air quality station and up to eleven
groundwater-monitoring wells. A dimensional vadose zone monitoring network encircling
the monitoring devices will also be situated at several locations on the site and on the site
boundary. The monitoring systems will provide data concerning release or migration of
radionuclides from the controlled areas.

Sierra Blanca, Texas

Texas has identified a site in Hudspeth County in western Texas. The disposal concept
identified for use at the Texas site consists of using concrete canisters in an excavated
trench. Class A waste will be disposed of separately from the Class B and C wastes.
Waste that is sent to the site for disposal will be placed in a steel reinforced concrete
canister, which will be placed in a 12.2 meter (12 feet) deep trench. When the canister is
full, cement grout will be pumped in to fill voids and a 13.5-inch thick concrete lid will be
bolted onto the top of the canister. Once a row of the canisters have been filled, sealed,
and inspected, a specially graded soil mixture will be placed over the canisters. The soil
mixture has the intended purpose of directing moisture away from the waste. A 4.9 meter
(6 feet) engineered cap will prevent rainfall from entering the disposal unit. The
engineered cap will include monitoring sensors that will be used periodically as specified
in the license agreement to detect leakage from the canisters. If a leak is detected, the
modular design will allow for retrieval of the leaking canister.

The canisters will be cylindrical, 2.7 meter (9 feet) tall and about 2.4 meter (8 feet) in
diameter. The walls will be about 10 inches thick and constructed of steel reinforced
concrete. The canisters will have a 13.5-inch thick floor and lid. The canisters are
designed to be watertight and to withstand an earthquake of at least a magnitude of 6.4
on the Richter Scale (.3 g/sec.)

The site will incorporate a series of trenches designed to channel storm runoff water away
from the disposal trenches to a retention pond.

Wake County, North Carolina (Southeast Compact Region)

North Carolina is proposing an engineered above grade disposal concept. Waste
containers will be placed in concrete overpacks. When full, the overpacks will be sealed
with cement grout. The concrete overpacks will then be placed in reinforced concrete
disposal modules on the bottom floor of the disposal facility. The bottom floor consists of
a multilayered system, including a layer designed to drain moisture away from the waste
packages (compacted sand), a layer of plastic liner material to block moisture infiltration
from beneath, a layer of clay, and a layer of low-permeability soil that further blocks
moisture infiltration from beneath the facility. The waste packages will be covered above
by a multilayered cap system, which includes a concrete roof, a polymer seal, lower drain
material (sand), a layer of low-permeability soil, a layer of clay, a plastic liner, a drainage
layer (sand or gravel), and a layer of soil and vegetation.

The disposal facility will use a monitoring system designed to detect and collect potential
infiltration from each individual disposal module. Several monitoring wells will be drilled
to monitor infiltration of waste material into the water table and subsequent migration of
infiltrate through the groundwater system.
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Boyd County, Nebraska (Central States Compact Region)

Nebraska plans call for abovegrade reinforced concrete vault, which will be covered by an
engineered soils cap. The vaults will be parallel with an access corridor between the
rows. A moveable building located between two vaults will provide access to the two
facing vault cells for truck off-loading. Class A waste will be handled with forklifts,
inspected, and placed in a cell designated for Class A waste. Overhead cranes will be
used to unload and place waste in the cells when the packages are too heavy or large for
a forklift. Class B and C waste will be placed in separate vaults from the Class A waste.
Class B and C waste will be placed in vaults through removable roof panels. Once the
Class B and C vaults are filled, a slab of concrete will be roller compacted over the roof to
provide a moisture barrier.

An engineered soils cap will be placed over the concrete vault to provide additional water
barriers. The cap will consist of a geotextile fabric layer, a layer of impervious clay, a
layer of concrete, and five feet of topsoil. Layers of sand will be placed above moisture
barriers to direct moisture away from the vault area. A system consisting of groundwater
monitoring wells, surface water collection system monitoring, and air monitoring will be
put in place. Also, vegetation and wildlife will be collected for radiological analysis.

Pennsylvania (Appalachian Compact Region)

Although Pennsylvania has not selected a disposal site, the state adopted certain design
and operational features for any new facility. Because Pennsylvania has a shallow
groundwater level and high annual rainfall, the proposed disposal technology consists of
an earthen-covered abovegrade vault. The waste containers will be placed in a concrete
overpack. When the overpacks are filled, the containers will be grouted in place. The
concrete overpacks will then be transported by truck to the disposal unit. The concrete
overpacks will be placed in a concrete vault. Class B waste will be situated in the center
of the vault and Class A waste will be placed along the outer walls. The void spaces
between the overpacks will be backfilled with sand, and a concrete cover will be poured in
place. These activities will be performed inside a moveable building that will protect the
processes from weather. Once the vault is filled and the concrete cover is in place, the
building will be moved to the next disposal vault. Class C waste will be handled similarly,
but disposed of in a separate area.

The vaults are designed to direct any leakage from the controlled structures into a trough
that will be monitored for moisture. A group of filled and sealed vaults will be covered
with an engineered cap consisting of layers of drainage materials and impervious
materials. Topsoil and vegetation will be placed to cover the cap.

Illinois (Central Midwest Compact Region)

Illinois has not selected a site but has adopted certain design features for any new facility.
Illinois has approximately 30 inches of precipitation per year and a shallow groundwater
level. The technology proposed is an abovegrade concrete vault covered by an
engineered soil cap and a high-density polyethylene layer (HDPE). The waste will be
placed in either cylindrical or rectangular concrete overpacks and filled with grout
material. In the Illinois facility, the overpacks will be placed into the vaults horizontally
with a forklift. Once the vault is full, a concrete end wall will be poured.

The engineered soils cap and the HDPE layer will be placed over the concrete vault to
protect the waste from water infiltration. The soil cap, which consists of layered drainage
materials and impervious clay, will be topped with soil and vegetation.
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Post-closure Plans

The Nuclear Regulatory Commission regulates licensing and closure of LLW disposal facilities.
These requirements are listed in Title 10 of the Code of Federal Regulations Parts 61 and 20. In
general, most states have incorporated the NRC regulations almost verbatim into their own
regulations with very few differences regarding closure or post-closure requirements (National
Low-Level Waste Management Program, 1992). NRC regulations state that disposal facilities
must be sited, designed, operated, closed, and controlled after closure to assure that the
exposures are within the limits established by the following four objectives (Subpart C, 10 CFR
61.40 through 61.44):

• Protection of the general population from releases of radioactivity.
Releases of radioactivity from the site into water, air, soil or through plants or animals
must not result in an annual dose to any member of the public >25 millirems to the
whole body, 75 millirems to the thyroid, and 25 millirems to the general environment.
These release limits apply at the site boundary (NRC, 1989).

• Protection of individuals from inadvertent intrusion. Design, operation,
and closure of the facility must ensure protection of any individual who inadvertently
enters or occupies the site or who comes in contact with the waste after the
institutional control period ends.

• Protection of individuals during operation. Operations at the land
disposal facility must comply with the radiation protection standards of 10 CFR 20,
except for releases of radioactivity from the site which are governed by 10 CFR 61.
Every reasonable effort must be made to keep exposures during operation as low as
reasonably achievable.

• Stability of the disposal site after closure. The facility must be sited,
designed, used, operated, and closed to achieve long-term stability and to eliminate
the need for ongoing active maintenance of the site following closure.

The Environmental Protection Agency regulates the disposal of hazardous wastes and closure of
hazardous waste landfills; regulatory requirements are discussed in 40 CFR 264. If the waste is
both radioactive and hazardous it is considered mixed waste. Any LLW facility that handles mixed
waste will have to comply with both NRC/Agreement State regulations and EPA regulations.

NRC and agreement state regulations require disposal facility closure plans throughout the life
cycle of such facilities. Plans for closure and institutional control of the facility must be submitted
as part of the license application and a more comprehensive plan is required prior to actual
closure. The closure plans submitted with the license application are preliminary because any site
would be closed in accordance with the requirements and preferences of regulatory officials in
place at the time of closure, some 20 or more years in the future. Preliminary closure plans are
important, however, because they provide a basis for establishing a target amount of funds
needed to close the facility and provide a basis for considerations for monitoring and maintenance
during the institutional control period. These preliminary plans are required to be updated
periodically, becoming more comprehensive in scope as the facility nears the end of its
operational life.

Closure of a LLW disposal facility transforms a disposal site from operational status to inactive
status. To be cost effective after closure, the facility should require only minimal maintenance. To
ensure minimal maintenance, developers, operators, and regulators should consider closure
during all phases of the design and operation of a LLW disposal facility (National Low-Level Waste
Management Program, 1992). The Illinois Department of Nuclear Safety (1987) noted that
mistakes made in design, construction, and operation may be costly to correct.
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During siting, agencies should ensure detailed site characterization data are incorporated into the
facility's design. This is because data deficiencies may result in errors or oversight during design,
construction, and operation, possibly causing extensive and costly closure and stabilization
activities.

During design and construction, developers should ensure that the objectives of the facility closure
are incorporated such as: compliance with standards and specifications; inclusion of performance
and environmental monitoring equipment; and the possibility of remedial action. Further during
this phase, developers and regulators should consider financial assurance programs and whether
they include provisions for investment and management of funds, duration of facility operation,
closure, post-closure, and institutional control; the facility's disposal capacity; and the ability to
adjust disposal fees. These fees are generally assessed during the operation of the facility.

During operation and disposal unit closure activities, operators should consider sequential closure
of disposal units to promote the integrity of the engineered confinement structures, minimize water
infiltration, and provide performance monitoring data which can be applied to subsequent disposal
unit closures and final site closure. Operators should ensure disposal operations do not cause
damage to closed units. Operators should also put in place provisions for the installation of
additional monitoring equipment that may be required as each unit is closed. Finally, operators
and regulators should ensure that comprehensive documentation of the waste inventory exists so
that environmental monitoring results an be accurately interpreted and to expedite any needed
remedial activities. The absence of complete documentation may introduce significant
uncertainties regarding potential long-term environmental risks and may dictate a more cautious
and conservative approach to site closure and post-closure activities (NRC, 1982).

During final site closure and stabilization, operators should ensure closure activities do not
damage closed disposal units. Operators should also evaluate performance and environmental
monitoring data to determine if any additional stabilization and closure measures are required.
Additionally, all activities and monitoring data must be documented to provide evidence that
closure is in conformance with the site closure plan.

During post-closure observation and maintenance, licensees should continue to document and
evaluate performance and environmental data to provide assurance that the requirements for site
closure are met.

Closed Facilities

Sheffield Illinois

The 1988 Agreed Order between US Ecology and the Illinois Department of Nuclear
Safety specifies what the site operator must do to safely close the site and assure its
continuing safety into the future. The closure plan requires the operator to:

• Construct a new low-permeability (less than 107 cm/s) clay cap over all
the trenches. Cap construction began and was completed in 1989.

• Purchase a 170+ acre buffer zone around the site.

• Monitor and maintain the site and buffer zone until June 1998, when
responsibility will transfer to the state. To compensate the state for its future
obligations at the site, the operator must pay $2.5 million in quarterly installments of
$62,500.00 over a ten-year period (1988^1998). These moneys, plus accrued
interest, remain on deposit in a special fund of the state treasury reserved exclusively
for Sheffield-related expenses.
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• Take remedial action as needed to prevent discharge beyond the buffer
zone of radioactive materials in excess of Illinois Department of Nuclear Safety limits.
The operator has established financial assurance in the form of an irrevocable letter
of credit

Data collected through 1994 indicate that the closure activities specified in the Agreed
Order are functioning as designed. Levels of tritium in both ground and surface water are
decreasing; residual contamination is mostly contained within the buffer zone and only
minute quantities of radioactive material from the site are detected in ground and surface
water beyond the buffer zone. Results of sampling and analysis have not detected any
off-site exposures attributable to the Sheffield LLW facility. No known exposure to nearby
residents has occurred (Illinois Department of Nuclear Safety, 1992).

Maxey Flats, Kentucky

One meter of soil was contoured over the disposal facility and contoured to promote
drainage away from the trench. Since 1981,11 hectares (28 acres) of the site surface
have been covered with a polymer membrane to limit infiltration of surface water.
Remedial actions are now being directed toward meeting Kentucky's regulatory
requirement for longer-term stability by building a water repellent closure cap and putting
in horizontal ground water flow barriers (Kirby, 1991).

Beatty Nevada

US Ecology submitted to the State of Nevada a proposed site stabilization and closure
plan for the LLW facility that provides for post closure monitoring. The state reviewed
and approved the plan and US Ecology began implementation in November 1993. As of
early 1996, the site is in a post-closure and observation phase (CRCPD, 1996).

West Valley, New York

The New York State Department of Health has focused its efforts on minimizing water
infiltration through an active maintenance program, establishing a monitoring program,
and collecting site-specific data to allow for decisions to be made on eventual stabilization
and closure. The strategy for closure will be developed as part of an ongoing effort to
review the impacts of all waste management areas at the site.

Operating and Proposed Disposal Sites

Bamwell, South Carolina

Individual trenches are closed and capped with compacted on-site clay as they are filled.
The topography of the site at closure was identified in the early 1980's and trench
surfaces have been completed near those grades since that time. Due to migration of
tritium in the groundwater from some of the early disposal trenches, enhanced caps are
being installed on the early disposal trenches. The caps minimize infiltration into the
trenches and reduce the water source driving the contaminants.

Site operators indicate that enhanced caps may not be necessary on the later disposal
trenches because high integrity containers have been used for high concentration wastes
since 1981, improved solidification media were required in 1983 and in 1983, the NRC
required more detailed characterization and classification of waste and stability
requirements for Class B and C waste materials. After the remaining closure activities
are completed, the site will have gently sloping surfaces of native grass vegetation.
Surface water runoff will be directed towards an on site retention pond. Maintenance of
the site surface and environmental monitoring will continue through the institutional
control period (Chem-Nuclear Systems, Inc., 1993).

-30-



Richland, Washington

Recommendations for the closure of the facility include addition of a multilayered cap that
will provide a hydraulic barrier, a biotic barrier, a capillary barrier, and a soil and
vegetation layer. The multilayered cap would be added over the current cap, which is not
engineered. A closure plan for the site is under review. Closure is planned for 2065.

Proposed LLW sites

Preliminary closure plans were submitted in the Ward Valley, California, and Boyd County,
Nebraska licenses. Preliminary closure plans are being developed for sites in Texas and North
Carolina.

Cost and Duration of Site Characterization, Construction and Operation

Since 1980, the total expenditures to date to open new disposal facilities have been estimated at
more than $500 million. These costs have been for site selection and characterization and the
public involvement activities associated with siting. In most cases, the funds expended have
come from assessments on large generators such as nuclear utilities. None of the costs to date
have been used to construct new sites. Estimates for construction range from $30 million to as
high as $70 million for each site.

The National Low-Level Waste Management Program plans to conduct detailed studies of
operating costs for LLW disposal facilities in 1998. These studies are intended to assist those
states in setting disposal rates for facilities operated as public utilities.

California selected a site for its facility in 1989 after two years of siting activities. In 1993, the
California Department of Health Services issued a license to operate the facility. The site operator
projects operation in mid-1999 pending a successful land transfer in 1998. Texas began site
selection in 1983. The Texas Natural Resource Conservation Commission issued a draft license
in 1996 and began administrative hearings on the license. The Commission projects operation in
late 1999. Nebraska began siting in 1988. The site operator submitted a license application in
1990. The license is still under review. Projected operation for this facility is late 1999.

Related R&D Activities

Research and development for disposal of commercial LLW is limited. A recent study by the
National Low-level Waste Management Program suggests that generators view the most
important factor in making decisions about treatment and disposal is cost and not the need for new
technologies. Generators want to manage waste using the least expensive method.
Compounding the problem is the reticence of most generators and disposal site operators to take
a risk by using unproven technology.

However, one hopeful technology for the disposal of LLW at Federal facilities is the use of fiber
bags for some waste. While commercially, soil bags have been used for years for low-activity
radioactive waste and naturally occurring radioactive waste, the Idaho National Engineering and
Environmental Laboratory has historically packaged and disposed LLW in rigid containers such as
wood and metal boxes. The INEEL is currently implementing soft-sided container use for the
disposal of contact-handled LLW. The soft-sided containers are made of a woven polypropylene
with high-density polyethylene liners and nylon lifting straps. The containers have a waste
capacity of approximately 260 cubic feet and a weight rating of 20,000 Ib. The containers can be
vertically lifted (via a spreader bar and crane), enabling careful placement into a disposal facility
waste stack. Compared to existing rigid disposal containers, soft-sided containers are more
volumetrically efficient, more cost effective, and easier to use. In addition, soft-sided containers
significantly reduce subsidence problems in LLW trenches.
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Two companies have either developed or are researching new waste forms. These waste forms
are not accepted by the disposal sites and thus require repackaging. One treatment method
results in a metal ingot that now requires packaging in another container. Another treatment
method under development is an effort to accelerate the aging of concrete already within a drum,
resulting in a new waste form.

In the past, new waste forms were evaluated by the Nuclear Regulatory Commission. However, in
1996, the U. S. Nuclear Regulatory Commission formally announced that it would no longer
accept topical reports on low-level radioactive waste forms for review and acceptance. This action
left a void for commercial low-level radioactive waste treatment vendors. There was no longer a
method to receive official validation that any new waste forms and containers met the stability
requirements for disposal under the current regulations (Title 10 of the Code of Federal
Regulations Part 61). The Nuclear Regulatory Commission's topical report review process was
the only mechanism accepted by all of the agreement state agencies by which commercial waste
treatment vendors could show that their waste forms met the stability requirements of the
regulations.

At the urging of the American Society of Mechanical Engineers Radwaste Committee, the
National Low-Level Waste Management Program began developing a new process soon after the
Nuclear Regulatory Commission's announcement. Commercial waste treatment vendors were
also interested in making the new process more cost-effective and less time-consuming than the
NRC topical report review process, which was open-ended in terms of both cost and schedule.
Because of this, the National Program adopted a requirement that the new process must be
reasonable in cost and schedule. Vendors deserve a process that they can count on in their
planning and budgeting. The testing protocols and draft process are undergoing peer-review.

Status of LLW Disposal in the United States

A national disposal system for commercial LLW does not exist in the United States. The laws
passed in 1980 and amended in 1985 were not intended to develop a national system but rather to
ensure equity for disposal. Clearly, the United States does not need 50 disposal sites, one for
each state. The 1980 Act encouraged states to join together to form compacts with a designated
state to host a disposal facility. Currently, Congress has approved nine compacts and a tenth
compact is pending congressional approval. Some states have chosen not to join a compact and
pursue siting on their own. Others have no intention of developing a new site.

As of October 1997, generators in all states except North Carolina have access to disposal.
States in the Northwest and Rocky Mountain regions have formed compacts to restrict the import
of wastes to their disposal site at Richland Washington to only those generators in their states. All
other generators in the country with the exception of North Carolina can dispose at Bamwell,
South Carolina. Envirocare of Utah is a facility that accepts contaminated soils and some Class A
waste. Because Class A waste is the largest volume of low-level radioactive waste, many
generators ship to the Envirocare facility if they meet the waste acceptance criteria because
disposal is less expensive. While the Richland, Washington site is expected to operate for many
more years, it is possible that the Bamwell site may close if the site operator cannot provide
enough tax revenue to the state. If this were to happen, generators outside of the Rocky Mountain
and Northwest states would have to store waste until a new site opened.

Unfortunately, proposed sites in California, Texas, North Carolina, and Nebraska will not satisfy all
states needs because these facilities will not accept waste from generators outside their compact.
In addition, the proposed sites are not expected to open soon. The Ward Valley site in California
has a license but is situated on Federal land that the Department of Interior does not want to
transfer to the state. Discussions over the conditions for a land transfer are at an impasse. The
Sierra Blanca site in Texas is undergoing hearings on its preliminary license. The Nebraska
Department of Health expects to issue an intent to license the site in Boyd County. However, the
governor of the state has been opposed to the site since its inception and recently held a summit
to examine whether the state should move ahead with its siting efforts. In North Carolina, the
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proposed site has suffered technical problems and is under examination. Pennsylvania,
Connecticut and New Jersey continue to pursue finding a volunteer community for a disposal
facility. However, no township has formally indicated an interest in siting a new facility and it will
be years before a site could be found in these areas.

Some states have stopped pursuing new disposal facilities largely due to economic reasons. In
mid-1997, the Midwest Compact voted to halt siting a facility in Ohio. Generators that are required
to pay for the development of the new site through assessments proposed that projected low
volumes would not make the site economically viable. Following a study of projected volumes
and proposed disposal fees; generators in Illinois asked the Central Midwest Compact to halt siting
until nuclear utilities begin decommissioning. Similarly, in Massachusetts, generators anticipated
high disposal fees and further assessments and asked the state to halt siting.

Conclusion

Low-level radioactive waste disposal standards and techniques in the United States have evolved
significantly since the early 1960's. Experience has resulted in stricter standards for the design,
operation, closure and types of waste placed in LLW disposal facilities. These new standards and
mitigating efforts at closed facilities have helped to ensure that the public has been safely
protected from LLW.

Yet, with these stricter standards and greater level of protection for the public, states have been
unable to open new disposal sites since they began the process in 1980. In most cases, the
difficulty in opening new sites has not been due to technical difficulties, but rather political and
public opposition that have contributed to lengthy siting processes and in many cases, litigation.
Recently, generators have expressed concerns that new sites may never open and they are
contesting assessments for siting new facilities. In addition, decreasing volumes and projected
high disposal costs for new facilities have caused many state agencies to examine their approach
to management of LLW.
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ABSTRACT

El Cabril disposal facility is located in Southern Spain and was commissioned in October

1992.

The main objective of this facility is the disposal of all L&ILW produced in Spain in a

disposal system (Figure 1) consisting of concrete overpacks placed in concrete vaults. A

drain control system exists in inspection galleries constructed beneath the disposal vaults.

The facility also includes (Figure 2):

- A treatment and conditioning shop (with incineration, non NPP wastes segregation and

conditioning, drum transfer into overpacks, supercompaction, liquid waste collection, and

grout preparation and injection.

- A waste form characterisation laboratory with means for non-destructive radiological

characterisation and for destructive tests on the waste forms (specimens extractions,

unskinning of drums, mechanical strength, leaching tests on specimens and full size

packages).

- A fabrication shop for overpacks construction.

- Auxiliary systems and buildings in support of operation, maintenance and surveillance of

the facility.

The paper deals with the design, the operating experience of the facility, the waste

packages characterisation and acceptance practice and the reception and transport of the

wastes from the producers= facilities.
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1. INTRODUCTION

On October 9th, 1992, a Ministerial Order granted the Operating Licence for the solid

radioactive waste disposal facility of El Cabril, construction of which started in January

1990.

El Cabril is in the province of Cordoba, some 400 Km South of Madrid and 100 Km North of

Seville.

The facilities at El Cabril are designed as a low and intermediate level waste near surface

disposal facility. Consequently, they must meet two basic objectives:

* Ensure the immediate and deferred protection of the public and the environment.

* Allow free use of the site after a maximum of 300 years, without any radiological

limitations.

The solution adopted provides sufficient disposal capacity for all the low and intermediate

wastes that will be generated in Spain until the first decade of next century.

Two needs may be deduced from the aforementioned objectives: isolation of the waste

packages from water and limitation of radioactivity levels.

Together with Man, water is the possible vehicle of dispersion of the stored radioactivity.

The disposal facility must therefore be isolated from the ground water (placing the waste

packages above the water table) and from surface water (avoiding flooding areas and

watercourses, and protecting it from rainfall).

Moreover, by adopting pessimistic hypotheses of human intrusion at the end of the

surveillance period, of a maximum of 300 years, the total activity and maximum mass

activity must be limited so that the impact involved is acceptable.

In addition, the centre has the capacity to treat the institutional wastes from minor

producers, reduce the volume of compactable wastes, condition wastes generated in the

facility itself and recondition the waste packages in concrete containers, prior to disposal. It

has also the laboratories for the verification tests of wasteforms and the ancillary systems

for operation and monitoring.
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2. THE DISPOSAL SYSTEM (FIG.1)

The waste packages, most of which are 0,22 m3 steel drums, are placed inside concrete

disposal containers. The drums (or pellets from supercompaction process) are them

immobilised inside the container, forming a concrete block weighing some 25 tons and with

external dimensions of 2.25 x 2.25 x 2.20 metres.

These containers are stored in disposal cells, each of which has a capacity for 320

containers and approximate external dimensions of 24 x 19 x 10 metres. The containers

are placed in contact with each other, a central cross or strip being left to allow for

container manufacturing or positioning tolerances.

Both the containers and the disposal cells are designed to withstand extreme loads,

including the Site Safety Earthquake (SSE) with a ground acceleration of 0.24 g. The

concrete used in the cells and containers was defined after a research programme

conducted by the Instituto Eduardo Torroja, the objective of which was to optimize the

durability of the concrete barriers. The concrete used is of high characteristic resistance

and compactness, and sulphate and seawater resistant (despite the low concentrations of

sulphates and chlorides in the site water).

Once each disposal cell has been fully loaded, the central strip is backfilled with gravel to

stiffen the assembly and fill in gaps, and an upper closing slab is built. The structure is then

waterproofed with a synthetic covering. The bottom plate is the main element of the storage

structure. It is 0,6 metres thick at the edges and 0.5 metres thick in the centre, and is

covered with a waterproof layer of polyurethane and a 10-20 cm layer of porous concrete.

This forms a horizontal surface on which the containers are placed. The slab collects any

seepage water and channels it to a network of pipes installed in inspection drifts located

below the disposal cells.

Each structure is linked to this network, via a holding tank, so that if water is collected in the

control network, it is possible to know which disposal cell it has come from, in order to

repair the protective covering, and to take samples of the water collected.

This passively operating network of pipes discharges into a final control tank, with a year's

collection capacity. This makes it possible to monitor the performance of the disposal

system, detecting and determining the origin of abnormal amounts of seepage water, as

well as its possible contamination.
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During the operating phase, and with the triple objective of protecting the waste containers

from the weather, minimizing the amount of water collected in the Infiltration Control

Network and acting in support of the container handling system, each row of disposal cells

is served by a rail-mounted sliding shelter. This auxiliary roof is placed above the disposal

cell currently in operation. After the cell has been waterproofed, the roof is moved to the

adjoining cell.

Rainwater failed in the platforms, is collected and directed to a rainwater pool.

When El Cabril will be closed down, the facility will be topped with a low permeability cap,

formed by alternating layers of waterproof and draining material.

The multibarrier system is therefore formed by three barriers:

* The first is concrete containers with immobilizated waste inside.

* The second, formed by the disposal cells, cap and Infiltration Control Network, limits

the access of water to the packages and allows any water that may have come into

contact with them to be controlled and treated where necessary.

* The third, the geological barrier, is the surrounding land. This would limit the impact of a

possible release in the event of an accident or in the hypothesis of total degradation of

the first two barriers.

3. GENERAL DESCRIPTION OF THE FACILITY (FIG. 2)

The facility is divided into two main zones: the disposal zone, and the conditioning and

auxiliary buildings zone.

28 disposal cells have been built in the disposal zone, grouped in two areas or platforms;

the north platform, with 16 structures, and the south platform, with 12. The platforms are

horizontal surfaces some 90 metres wide, excavated in trenches in the hillside, and side

banks have been left on which to rest the final cap.

In each of these areas, the cells are half-buried with regard to the operating level and are

laid out in two rows, each of which is served by a sliding shelter that moves along rails.

These roofs carry a 32 tons travelling crane for handling the containers. The travelling

cranes are operated by remote control from the Control Room, located in the Conditioning

Building, thus minimizing doses in operation.
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The disposal container transport lorries are placed in a side corridor located between the

disposal cells and the shelter wall.

This zone also contains the control tanks drain systems, the rainwater collection poud, and

the concrete preparation and concrete containers manufacturing plants.

Of all the possible options, ENRESA chose to construct and operate the container

production plant at El Cabril, above all to be able to control the quality of the fabrication.

The buildings zone houses the auxiliary facilities for Waste Treatment and Conditioning

and their control, as well as the auxiliary services needed for the operation and

maintenance, and the Waste Verification Laboratories.

The accompanying figure 1 shows the auxiliary facilities and buildings, identified in order of

proximity to the facility's main entrance.

* Industrial Safety Building

* Administration Building

* Technical Services Building

* Maintenance Workshop

* General Services Building

* Conditioning Building

* Inactive Waste Quality Verification Laboratory

* Active Waste Quality Verification Laboratory

* Transitory Reception Building

* Disposal cells (North Platform) (6)

* Disposal cells (South Platform) (6)

* Infiltration Control Network tank (1)

* Deep Drains System control tank (2)

* Platform Rainfall Collection Pool

* Buildings Rainfall Collection (4)

* Waste Water Treatment (3)

* Concrete Plant and Container-Manufacturing plant (5)

* Facility Transformer Centre (7)

* Trucks Parking

The functions of the different buildings are:

* Industrial Safety Building. This building houses the access control station, the central

monitoring post and fire-fighting equipment.

* Maintenance Workshop. Includes vehicle, electrical and mechanical workshops.
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Administration Building. This building houses the offices of the site managing staff and

the administrative services.

Inactive Waste Quality Verification Laboratory. This building is used for testing and

checking non-active samples having characteristics similar to those of the different

types of package to be disposed of.

Technical Services Building. This building houses the main equipment of the different

auxiliary systems, transformer centre, electrical distribution, stand-by diesel generator,

chillers and heat producing plant, and water treatment plant.

General Services Building. Houses the radiological protection services, medical service,

dressing rooms, laundry, environmental monitoring laboratory, calibration equipment,

radiochemical laboratory, counting equipment, and personnel access radiological

control station. All personnel, except for vehicle drivers, access the monitored zone

through this building.

Transitory Reception Building. This building contains the vehicle radiological control

post and the vehicle decontamination post, as well as a transitory drum storage area for

some 4.000 drums.

Conditioning Building. All the treatment and conditioning operations described in the

following sections are performed in this building. Almost all wastes pass through it. It

also houses the Control Room, from which most of this building's systems, as well as

the disposal zone waste handling equipment are operated. Centralised in these

buildings is all information on the operation of the whole facility.

Active Waste Quality Verification Laboratory. This building is used for performing tests

to determine the characteristics of the different types of packages, on active test pieces

and actual packages, and for the technical verification of some of the packages

reaching the centre.

Research and development work on the optimization of the waste solidification process

is also foreseen here. A description of this Verification Laboratory is included in

Section 6.

Waste Water Plant. The waste water treatment plant, used for conventional treatment,

is located next to the covered rainfall collection pool of the buildings zone.

4. WASTE CONDITIONING
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Five main groups of operations are performed in the Conditioning Building.

Minor Producer Wastes (Institutional Wastes)

This facility includes the systems and equipment necessary for conditioning minor producer

wastes (hospitals, research, industry).

The main systems include a glove box for waste classification, crushing, segregation and

bagging, as well as a 50 Kg/h incinerator for treating biological and organic wastes.

The incinerator is of the excess air type, with a double combustion chamber. A temperature

of 800 °C is reached in the first, and 1000 °C in the post-combustion chamber. At the

chamber outlet there is a silicon carbide high-temperature filter. The fumes are cooled by

dilution in fresh air to 140 °C. The flue gases then pass through very high efficiency filters

and once filtered are discharged through the stack.

The facility also allows for storage of radioactive combustible liquids, solids and

inmobilization of solid wastes.

Compactable Wastes

A drum compactor with a force of 1200 tons has been installed with which average volume

reduction factors of over 3 were attained (actual volume reduction is 2, due to

precompaction in Nuclear Power Plants).

With the aid of a travelling crane, the drums of compactable waste are unloaded in a

warehouse specifically built for this type of package and transferred to a conveyor, then are

put into the compaction equipment, passing through a series of airlocks. The equipment is

kept below atmospheric pressure by the nuclear ventilation system.

The pellets are inserted by a distributor which places them in an order by manner inside a

disposal container, this is then sent to the grout injection system.

Both the unloading crane and the distribution equipment work semiautomatically and are

operated from the Control Room.

Conditioned Wastes

Any wastes arriving already conditioned in a solid matrix, normally of cement, are
transferred to the disposal containers with a remote-controlled travelling crane. There are
two similar warehouses for this type of wastes, the difference lying in the hoisting
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equipment. One is used for weakly irradiating packages, while the other is for unloading

packages which, due to their dose rate, are transported inside additional shielding. This

second warehouse has greater shielding thicknesses and is equipped with elements for

opening the outer overshild and for handling its lid.

In both cases, once the container is full, it is transferred to the container handling

warehouse by a carriage. From here, and once the lid is on, the container is transported by

the travelling crane from the mortar injection post.

Liquid Wastes

Liquid wastes which can be collected are, low-level aqueous solutions, and they are

collected in tanks in the building basement.

The treatment system has been selected with two objectives: not to increase the volume of

wastes to be disposed of and to meet the design objective of zero release of liquid

radioactive wastes.

After analysis, these liquid wastes are added to the immobilization grow which backfills the

gaps between drums inside the disposal container.

In this way, storage capacity is not reduced and, as the amount of water required to

prepare the mortar is greater than the expected amount of liquid effluents, the zero release

objective can be met.

Grout injection

Once the lid has been inserted, the containers are transferred to the immobilization grout

injection post.

In the injection system, the dry mortar -a mix of cement and sand- is mixed with water (or

liquid wastes) and additives.

The resulting grout is injected by peristaltic pumps through a telescopic injector, backfilling

the interior of the disposal container.

5. TESTING OF WASTE FORMS AND PACKAGES

Waste acceptance criteria

The stated limit for an individual disposal container is:
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ACTIVITY (Bq/g)

RADIONUCLEID

H-3

C-14

Ni-59

Ni-63

Co-60

Sr-90

Nb-94

Tc-99

1-129

Cs-137

Alfa at 300 years

PER DISPOSAL
UNIT

(OVERPACK)

1.00E+6

2.30E+6

6.30E+4

1.20E+7

1.70E+8

9.10E+4

1.20E+2

4.30E+5

4.60E+1

3.30E+5

3,70E+3

In the current operating permit there are defined two levels of wastes, according to the

following acceptance limits:

Level 1

Total alpha- 1.85 102 Bq/g.

Beta-gamma emitters with half life > 5 y (tritium excepted) by isotope.- 1.85 104 Bq/gr

Total Beta-gamma activity for isotopes with half life > 5 y.- 7.4 104 Bq/gr
Tritium- 7.4 103 Bq/gr
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Le_vel2

Total alpha 3.7 103 Bq/gr

Co 60 3.7 105 Bq/gr

Sr90 3.7 105 Bq/gr

Cs137 3.7 105 Bq/gr

The limits applicable to radioisotopes that are not explicit are established by the

multiplication of these limits by scale factors. The scale factors are periodically updated.

All wastes must be stabilised, and meet the Waste Acceptance Criteria established by

ENRESA. Different characterization tests are specified for the two different levels of waste

packages. These characterization tests of the different waste types and the verification

tests to check the quality of the packages received, in an stylistic way, are developed in the

Waste Verification Laboratory.

A new operating permit application has been submitted to the authorities in February 1996.

In this application a new higher limit is proposed for level 2 wastes and a new level 3

wastes category is proposed as well. Level 2 limit is based on the maximum allowable

average specific activity per container above mentioned, in such a way that if all the

primary waste packages are in level 2 limits, the activity per container is not overpassed.

Level 3 allows individual primary packages a higher activity while complying the said limit

per container.

Waste Quality Verification Laboratory

This laboratory has two different areas in two buildings, the active one being located in the

controlled area and the inactive one in the conventional part of the facility.

Active Laboratory

The layout has been designed taking into account the tests to be carried out:

a) Reception and control area.

b) Manipulation cell: for the preparation of packages for leaching tests and for the

extraction of test probes to determine their mechanical and radiological properties. The

cell has all the necessary equipment (crane, specimens conditioning, drum skin cutting

equipment, mechanical test bench, sample extraction, etc.). All the operations are

remote controlled.

c) Aliquot preparation eel.
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d) Leaching area: for the introduction of full size packages without their metal casing or

test probes in demineralised water at constant temperature.

e) Chemical and radiochemical laboratory.

f) Chemical and radiochemical measurement laboratory.

Tests to be carried out in the Active Laboratory

For the characterization of the matrices of real packages, a total of 50 tests are to be

carried out in the Active Laboratory. These can be divided into 3 main groups:

A) Non-destructive testing. These include spectrometry.

B) Destructive testing. These include tests on the preparation and handling of real

packages, physical-mechanical tests and homogeneity tests. They involve destructive

treatment of the packages and therefore generate secondary wastes which must later

be conditioned.

C) Tests for microstructural characterization of the matrix. These include leaching tests on

real packages or specimens for which it is necessary to first carry out non-destructive,

destructive and complementary chemical and radiochemical testing.

Inactive Laboratory

This building is located in a non-regulated area. It includes a laboratory for characterization

tests on samples and inactive test pieces simulating the matrix.

6. RADIOLOGICAL CONTROL

The design of the facility complies with the Spanish regulations on radiological protection

with a particular emphasis in the application of the ALARA criteria.

This criteria is enforced by the implementation of the following design basis.

Remote control of the main activities involving radioactive materials. Virtually all the

handling operations of waste packages, as well as the supercompaction are controlled

from the control room with the assistance of a TVCC.
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Zonification of operating areas with the appropriate separation of the different

operations providing biological shields sized in accordance with the associated risk and

so for the required ventilation.

The reference limits used in the design to implement the ALARA criteria are the following:

The dose rate due to external irradiation in an area with an occupation above 10 h per

week, will be below 2.5 OSv/h.

- The dose rate due to external irradiation for an occupation of less than 10 h per week

will be below 7.5 C>Sv/h or, alternatively, below 5/N mSv/h, where N is the occupancy

per year in hours.

The concentration of activity in air shall be below to 1% of the ALI for rooms with an

occupancy above 10 h. per week and below 3% of the ALI for lower rates of occupancy.

7. SAFETY ASSESSMENT

The main items considered in the radiological impact assessment of the facility area

intrusion scenarios and ground water path to the biosphere.

Evaluation of human intrusion scenarios

Two different studies of human intrusion scenarios have been performed. In the first one,

following the French Safety Rule RFS 1.2, it is assumed that a human intrusion in the

repository occurs deterministically 300 years after the closure of the facility, ic:, just after

the end of the institutional control period. Two kinds of scenarios are defined: realisation of

an extensive public work, and the settlement of a dwelling in the area occupied by the

wastes.
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In the former, are evaluated the doses received by workers due to the external irradiation

and to the inhalation of contaminated dust. !n the latter, it is supposed that there is a

completed mix of the wastes with the non active materials man made barriers and with the

natural materials present on the site; the inhabitants of the dwelling are considered

exposed to the external irradiation from the soil and to the inhalation of contaminated dust;

there is not considered any consumption of food produced on contaminated soil. The

results obtained in the evaluation of both scenarios are below the limits set up in the

national regulations on radiological protection but don't provide an objective indication of

the risk associated to the deposit as the scenarios are defined in a very arbitrary way. On

the other hand, the figures of doses produced may be considered high enough to deserve

further evaluation.

For these reasons a second study was undertaken where a residential scenario was

defined in a some how more realistic and comprehensive way.

For the definition of the scenario as well as for the methodology of evaluation, the

recommendations from the Expert Group of the Nuclear Energy Agency of the OECD have

been adopted; also were considered the evaluations performed in the USA for the

environmental impact statement of 10 CFR 61. In this scenario it is assumed that no

human intrusion progresses enough to arise significant doses within the first 500 years

after the closure.

The doses found in this second study are significantly lower than in the first one, even

when it includes the ingestion pathway. The main reasons for this are that on one hand, the

200 additional years to consider a human intrusion occurs first, allows for a significant

decay of gamma emitters as Cs-137 which is a main contributor to the dose in the first

study.

Groundwater path

For the analysis of the radiological impact via infiltration-ground water, two different phases

are considered

During the institutional control phase (ie. time < 300 years) it is assumed:

Infiltration rate of 4,5 l/m2 (3 times design objective).

Level 2 wasteforms leaching in a diffusion model. Level 1 wasteforms leaching by

surface rinse.

Concrete barriers (overpacks and bottom slab): limiting releases due to chemical

equilibrium. Flow circulation with conservative permeability values.

Leached activity goes directly to the saturated zone. No credit is given to the disposal

cell slab, control network nor unsaturated zone.
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Abnormal infiltration rates are considered as an "accident".

After the end of this period, the following conditions are assumed.

Water infiltration rate similar of the natural percolation in the site.

All engineered barriers, including disposal containers and waste matrices are

completely degradated.

Leaching mechanism is controlled by chemical equilibrium between water and ground

concrete (K4).
Leached activity reaches immediately the saturated zone.

In both phases a simplified model of the geosphere is used, using "conservative" values of

water velocity (compared to the three-dimensional model used in the hydrogeological

studies), and retention and diffusion coefficients.

For some nuclides, due to the difficulty of determination, no retention in the rock was

assumed, being this nuclides which produces higher doses.

8. OPERATIONAL EXPERIENCE

The facility operates in normal conditions with no incidents in its 3,5 years life.

The major operating data for a standard year (1995) are:

Reception of waste packages (1995)

- Number of transports: 315

. From NPPs 251

. From minor producers 64

- Number of packages: 11 729

. From NPPs 9.182

. Drums from minor producers 720

. 25 L liquid waste containers

from minor producers 1.827

Fabrication of concrete overpacks

- Design production: 4 per day

- Normal production: 2 per day

- Annual production: 475

- Average mechanical strength 511 kg/cm2

-52-



NETEC Seminar

Grout injection

- Radioactive liquid wastes used in grout preparation: 162 m3.

- Design modification, additional injection system for reliability.

Compaction

- Annual compaction rate 4.021 drums (220 L)

. From NPPS 2.713 =

. Institutional wastes 1.308 =

- Average number of compaction

pellets peroverpack 34,33

- Average liquid wastes obtained 2,5 L/drum

- Design modification: improvement in pellets handling.

Incineration

- Average incineration rate 35 Kg/h

- Waste incinerated 63 m3

. 62% solid

. 38% liquid

- Secondary wastes 6 m3

- Design modifications: improvement in liquid filtration and solid / liquid separation in the

glove-box. Change of materials of control valves.

Disposal cells

- Disposed of in the year 475 overpacks

- Disposed of (total) 1.217 overpacks

. 16.488 220 Ldrums

66 290 L drums
9.990 compaction pellets
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ABSTRACT

Low level radioactive wastes have been disposed of at the Drigg near-surface disposal site for
over 30 years. These are carried out under a disposal authorisation granted by the UK
Environment Agency. This is augmented by a three tier comprehensive system of waste
controls developed by BNFL involving wasteform specification, consignor and wastestream
qualification and waste consignment verification. Until 1988 wastes were disposed of into
trench facilities. However, based on a series of integrated optioneering studies, new
arrangements have since been brought into operation. Central to these is a wasteform
specification based principally on high force compaction of wastes, grouting within 20 m3

steel overpack containers to essentially eliminate associated voidage and subsequent disposal
in concrete lined vaults. These arrangements ensure efficient utilisation of the Drigg site
capacity and a cost-effective disposal concept which meets both national and international
standards.
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1. INTRODUCTION

Low level radioactive wastes (LLW) have been disposed of in the United Kingdom in
near-surface facilities for over 30 years. This has mainly been at the Drigg disposal
site on the Cumbrian coast, some six kilometres to the south of the Sellafield nuclear
reprocessing and waste management site. The Drigg site, owned and operated by
British Nuclear Fuels pic (BNFL), also receives waste from a wide range of sources
throughout the UK. Disposals until the late 1980s were solely by tipping essentially
loose wastes into excavated trenches. More recently, trench disposals have been
phased out in preference to emplacement of containerised, conditioned wastes in
concrete vaults.

This paper reviews BNFL's experience in operating and developing the site. The
regulatory controls for the site and the system of controls prior and during waste
receipt are then described. The nature and arisings of wastes and approaches to their
characterisation are discussed. This is followed by consideration of past and future
developments associated with LLW practices including waste packaging and
conditioning and vault design. Finally, supporting monitoring and technical support
work are briefly outlined

2. REGULATORY ASPECTS

In the UK, Government policy is "to favour early disposal because in general this
carries a lower risk to workers in the nuclear industry and to the public". This has
been confirmed by successive government reviews. On this basis, for many years
now low level wastes have been disposed of in near-surface facilities.

Disposals of radioactive wastes in the UK are governed by the Radioactive
Substances Act 1960. Under the terms of the Act, certain wastes can be disposed of
other than to Drigg-type facilities. These are principally:

(a) Very Low Level Wastes are exempt from consideration if they contain less
than 400 Bq/kg or certain other levels for specific nuclides.

(b) Small amounts of solid radioactive wastes are authorised for disposal with
ordinary refuse The limits for these so called "dustbin disposals" are 400
KBq in any 0.1 m3 and 40 KBq per article; alpha emitters and Sr-90 are usually
excluded from such disposals.

(c) Within certain limits and provided "special precautions" are employed, some
wastes can be disposed of at suitable landfill sites. Typical limitations are that
no sack of waste contains more than 4 MBq of radionuclides of half-life
greater than one year and 40 MBq if less than one year half-life, except if the
activity is solely C-14 and/or H-3 the limit is 200 MBq In addition, there may
be a limit of 0.4 MBq of long-lived activity per article.

These dustbin and special precaution disposals are only granted authorisations where
the regulators are satisfied that they present no hazard either to the operators of the
disposal practices or to members of the general public.
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In the UK low level wastes (LLW) are defined as those wastes containing radioactive
materials other than those acceptable for local disposal, but not exceeding 4 GBq/t
alpha or 12 GBq/t beta/gamma. With the exception of a disposal facility associated
with the operations at the Dounreay fast reactor research site on the north coast of
Scotland, essentially all LLW in the UK is disposed of at the Drigg site.

There are two principal statutory bodies which stipulate controls for the Drigg site.
Firstly, the Environment Agency (EA) which authorises both disposal of the wastes
and discharges to the environment. Secondly, nuclear site safety issues are licensed
by the Nuclear Installations Inspectorate (Nil).

The main features of the Drigg disposal authorisation can be summarised as:

• Only solid, radioactive waste to be disposed
• Consignment and annual activity limits
• Best practicable means to be used to:

Compact wastes
Limit activity migration
Collect and monitor leachate

• Marine discharge plus stream concentration limits
• Monitoring of wastes and the environment
• Keeping of records

Some of these directly control the nature of wastes, whilst others give rise to controls
indirectly by placing certain requirements on the impact of the wastes and hence on
site management practices.

The authorisation is subject to periodic review and has developed over the years since
it was first issued in 1958. The most significant development has been that in the
earlier authorisations the primary control was on the specific activity and radiation
levels of the wastes and not explicitly on the total quantities to be disposed of. More
recently, annual disposal limits have been included in the authorisation derived
principally from the assessed total radiological capacity and a postulated operational
lifetime for the site. These annual disposal limits are (TBq):

Uranium
Ra-226 + Th-232
Other alpha
C-14

0.3
0.03
0.3
0.05

1-129
Tritium
Other nuclides

0.05
10
15

The main requirements in terms of environmental discharges are those associated with
the leachate discharge and are:

• Volume and rate of discharge
• Alpha, beta and tritium content
• Chemical oxygen demand
• Suspended solids content
• pH range
• Total iron content
• Free of oil and grease
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In order to demonstrate compliance with these conditions, BNFL are required to
install and maintain the necessary discharge and sampling equipment and to keep
appropriate records.

Lastly, the Site Licence issued by the Nil is principally associated with the safe
operation of the site as a nuclear facility throughout its operational phase. The licence
covers such issues as management arrangements, training, operating conditions,
inspection and maintenance requirements, dose assessment, record keeping and
emergency procedures

As well as the Drigg disposal authorisation, separate authorisations control inter-site
transfers - ie disposals - from all sites consigning wastes to Drigg. These
authorisations contain numerical limits on both the activity and volume of the waste
and a range of qualitative clauses relating to waste management practices.

3. WASTE CONTROLS SYSTEM

A three tier system of controls consisting of specification, qualification and
verification has been developed relating to disposals at the Drigg site :

• Specification - All LLW accepted for disposal must comply with the wasteform
and procedural specification produced by BNFL as the disposal site operator.
This specification has been developed so that all waste consignments, as well as
meeting the regulatory requirements, are controlled to ensure operational and
long term safety objectives are addressed.

• Qualification - All LLW has to be produced under approved waste generator
quality assurance arrangements which detail the effective management and
control of the waste from its generation to its acceptance by BNFL for disposal at
Drigg.

• Verification - Ail waste generators are subject to a programme of audit and
waste receipt monitoring which confirm the implementation of the quality
assurance arrangements.

3.1 Specification

The waste specification is a key document as it includes all the technical and
operational requirements which the waste generator has to comply with for their waste
to be accepted for disposal. LLW accepted for disposal at Drigg must conform to the
"Conditions for Acceptance by British Nuclear Fuels pic of Radioactive Wastes for
Disposal at Drigg" and these requirements are also included in the contractual
arrangements for LLW disposals. The principal features are:

• Definition of solid LLW
• Materials to be excluded or made safe
• Radioactivity limits
• Fissile content limits
• Waste conditioning requirements
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• Packaging and labelling requirements
• Quality assurance requirements
• Procedural and documentation aspects

Of particular note is that disposals must only be of "solid radioactive waste which has
been treated or packaged in such a way as to render it so far as is reasonably
practicable insoluble in water and not readily flammable". Details of the requirements
include, for example, the need to exclude or make safe certain items such as
pyrophoric materials, combustible metals, pressurised gas cylinders and other
identified materials. Also, in order to ensure annual disposal limits to the Drigg site
are complied with and that the radiological capacity of the site is not exceeded, a
system of prior notification and allocation of radiological disposal capacity is
operated.

Any departures from these standard Conditions for Acceptance can only be made by
specific written request to, and agreement from, BNFL. Any such requests are
considered on a case by case basis but in all instances any variations must ensure both
full compliance with the disposal authorisation and careful evaluation to ensure good
waste management practices and acceptable environmental implications. Further
guidance to consignors is also provided on specific topics in the form of Drigg
Guidance Notes, for example on essential design features for containers and issues
associated with acceptance of ion-exchange resins.

3.2 Qualification

BNFL as the disposal site operator needs to be assured that there is effective
management and control of the LLW from its generation to its acceptance by them.
Therefore the consignor is required to have in place a Quality Assurance (QA) system
detailing these arrangements. The QA documentation is approved by BNFL before
wastes can be consigned. Periodic reviews of the QA documentation are required to
ensure that any revisions in the waste specification and in the consignor's operational
practices are incorporated.

Most LLW can be readily grouped by the waste generator into wastestreams, where
the waste in each particular wastestream has similar characteristics. The
characteristics on which to base the wastestreaming system can either be physical
(e.g. combustibility, compactability) or radionuclide composition, ie the waste
"fingerprint". This system is used for both the disposals at Drigg and also for the UK
National Radioactive Waste Inventory.

For LLW disposals to Drigg, before the first consignment of any wastestream (or
changed wastestream) is accepted, the consignor provides information to BNFL on
the physical, chemical and radiochemical composition of the waste in that stream in
the form of a "wastestream characterisation". This can be either included with or
separate from the general description of the QA arrangements. The characterisations
are then reviewed by BNFL both for their technical content and to assess the
acceptability of the individual wastestreams for disposal at Drigg.

3.3 Verification
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The third tier of control is verification. Verification is the method by which BNFL as
the waste disposal site operator confirms that the waste specification has been
complied with and that the waste has been managed by the generator as detailed in
their QA arrangements. It is done by means of consignment documentation checking,
audit and waste receipt monitoring.

Each waste consignment from a generator is accompanied by a disposal form which
includes the following sections:

• Consignment identification
• Consignment information
• Description of waste
• Description of package
• Radioactivity
• Fissile content
• Monitoring information
• Certification

For each waste consignment, the consignment disposal form is manually checked for
completeness and entered on a computer system which checks a number of factors
including that relevant consignor approvals are in place and that radioactivity and
other limits would not be exceeded. If problems are found, the waste consignment is
not accepted for disposal until they are resolved.

To ensure that the QA arrangements are being complied with, a programme of LLW
consignor audits has been established. These audits are carried out by a team of QA,
Operations and Technical personnel. Each audit consists of a full documentation
review and a "walk-through" of the consignor's LLW management system and will
include inspection of wastes. Audits are generally carried out before the first
consignment of waste from a new waste generator and at an approximate frequency of
three years thereafter

If non-conformances are found during an audit, these are agreed with the waste
generator and the action required to be taken is documented and a programme
established. If it is considered that further disposals under the existing arrangements
would not meet the waste specification, the generator would be suspended from
consigning further waste until the action is completed.

Finally, waste receipt monitoring is carried out on all LLW received for disposal at
Drigg and is applied to three levels of detail defined as level 1, 2 and 3 monitoring :

• Level 1 Monitoring. This is the measurement of entire consignments (radiation
levels, contamination monitoring and weight) and observations during handling
and processing of the waste. All waste consignments undergo level 1 monitoring.

• Level 2 Monitoring. This is the non-destructive assay of entire consignments on a
container by container (200 litre drum or lm3 box) basis by real time radiography,
high resolution gamma spectroscopy, passive and active neutron counting. The
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assay results are then collated for each waste consignment by a computer system
and a consignment report produced.

A representative programme of consignments from waste consignors undergoes
level 2 monitoring. The emphasis for this is directed to wastes from high volume
and/or high activity consignors and using feedback from audits. The level 2
monitoring is carried out in a purpose built facility in the Waste Monitoring and
Compaction (WAMAC) facility on the following basis :

In real time radiography, X-ray images of the waste drum/box are produced
and recorded at a variety of viewing angles to allow identification of waste
items contained within them. The waste drum/box can also be gently rocked
which allows the presence of free liquids to be identified (free liquids are a
prohibited waste). Very dense materials, such as lead, which could be used as
shielding are also identified and flagged for special attention.

The high resolution gamma scanner is used to identify and quantify gamma
emitting radionuclides such as fission products, activation products and some
fissile material. A germanium detector scans vertically each rotating waste
drum/box to obtain the overall measurements of the contents.

The passive neutron counting system measures time correlated neutrons such as
those generated by the spontaneous fission of Pu-240, Pu-242 etc.

The active neutron counting system measures fissile nuclides, such as U-235
and Pu-239, in a waste drum/box by bombardment by neutrons from a neutron
generator and detection of the resultant induced fission neutrons.

• Level 3 Monitoring. This is the destructive assay of a sample from a waste
consignment for physical, chemical and radiochemical determination. A
representative programme of consignments from waste consignors undergoes
level 3 monitoring, including use of the results from the level 2 inspection.

The waste receipt monitoring results are compared with regulatory limits, the BNFL
specification and the consignment declarations to confirm customer conformance. In
the event of non-conformance, then discussions are held with the waste consignor and
corrective actions sought. In the more significant cases no further consignments are
accepted until improvements have been established.

This comprehensive series of controls is intended to give assurance to BNFL as the
operator, to regulatory authorities and to members of the public that wastes consigned
to Drigg are fully controlled and hence has an important role in ensuring confidence
in waste disposal practices.

4. WASTE ARISINGS AND CHARACTERISTICS

Low level radioactive wastes arise from a wide range of establishments and practices
in the UK. These include:

• nuclear power plants
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• nuclear fuel manufacture and processing sites
• radioactive waste management operations
• radiopharmaceutical manufacture
• research sites
• hospitals and universities
• industrial users of radioactive materials
• decommissioning work

The wastes comprise a wide range of materials, including paper, packaging materials,
reactor wastes, scrap equipment and rubble/soil. The arisings of LLW have decreased
from about 35,000m3/year in the mid to late 1980s to about 10,000m3/year currently.
The decrease has been achieved despite increasing fuel reprocessing, waste
management and decommissioning work. This reflects the continuing emphasis and
measures to minimise raw waste arisings, together with the introduction of new waste
compaction facilities. Typical levels of activity in recent years are, in overall terms,
about 0.2 TBq alpha and 5 TBq beta/gamma emitting nuclides disposed of annually.

As identified in Section 3.2, each type of waste from each establishment must have an
approved waste characterisation prior to the first consignment being made. The
information which needs to be in the wastestream characterisation includes :

• Wastestream number and name
• Description of the process giving rise to the LLW
• Physical and chemical composition of the LLW including how prohibited

materials are either excluded or made safe
• Details of the conditioning and packaging of the LLW
• Method of activity assessment

basis e.g. dose rate conversion
- fully referenced derivation
- limitations and how non-conforming wastes are assessed

consideration of potential uncertainties
• Radionuclide fingerprint

- how determined e.g. by sampling and analysis
- consideration of possible uncertainties
- individual radionuclides to be recorded
- short lived radionuclides excluded unless not in equilibrium
- justification for radionuclides not included e.g. below de minimis levels

For most LLW it is not possible to directly assay the activity content and radionuclide
composition of a consignment. Use therefore has to be made of a known property of
the waste which can be directly measured and related to the activity content. This
relationship is identified and justified in the wastestream characterisation.

The most common forms of relationship are:

• Where the dose rate measurement from the waste (usually in a bag or a drum)
is proportional to its activity content. For this to be valid the waste must
contain a gamma emitter so that the radiation can penetrate the container and
also reduce self-shielding errors. This information will already be known
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from the radionuclide fingerprint of the waste. The radiation measurement/
activity content relationship can be derived by either mathematical models,
simulation tests or destructive analysis of waste whose radiation levels have
been measured. It is possible to apportion this to individual radionuclides
including non-gamma emitters by reference to the fingerprint.

• Where the specific activity of the waste can be shown to be constant, and so its
activity content is proportional to its weight. For this to be valid a series of
samples of the waste will have been taken and analysed. The results of these
analyses will form the radionuclide fingerprint. A measurement of the weight
of the waste will therefore yield total activity and individual nuclide data.

• Where the specific activity is not constant and the radiation produced is either
alpha or soft beta. This is the most difficult waste to assess activity in, and
generally involves an extensive destructive sampling campaign to produce
activity concentration and radionuclide composition data. A fixed activity is
then assigned per unit volume of waste.

Having established such relationships, routine monitoring of waste in terms of dose
rate, weight or volume can be used to assess the activity content and hence to
complete the necessary consignment documentation. It is however important to stress
the need to maintain discrete wastestreams prior to this monitoring stage and to ensure
regular review, and update as necessary, of the technical basis of the activity
quantification.

5. WASTE CONDITIONING AND DISPOSAL DEVELOPMENTS

Until 1988 all wastes were disposed of at Drigg by tumble tipping into trenches cut
into a clay layer which exists some 5 to 8m below ground in the area of the site
consented for disposal by the local planning authority (the northern area representing
about a third of the Drigg site). Trenches 1 to 6, each about 25m wide and up to
750m in length, and Trench 7, a triangular area of land on the east side of the site
(Figure 1) have been filled with wastes. The last trench was completed in 1995. A
total of about 800,000m3 of wastes has been disposed of to the trenches. After
disposal the wastes were covered by at least lm of cover materials in order both to
complete the trench and provide a stable surface for their progressive filling.
Subsequently an interim cap was installed over the completed trenches comprising an
earth mound, graded to 1 in 25, covered by an impermeable membrane and a
minimum of 0.5m of soil. Groundwater cut-off walls of a cement bentonite mix have
also been constructed beneath the cap around the north and east of the completed
trenches in order to prevent lateral migration of groundwater. The run-off water from
the cap is collected in perimeter drainage channels and routed to the site stream. The
surface of this cap has been seeded with grass and mixed shrubs both to stabilise the
topsoil, minimise erosion and gulleying, and also to encourage evapotranspiration.
Surveillance of the cap is being carried out and where necessary any damage, for
example caused by differential settlement, will be made good. It is recognised that
this cap is of limited life and in due course, prior to site closure, this interim cap will
be superseded by a final cap incorporating a longer-term, low permeability barrier.
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Leachate from the trenches used to discharge into a stream and hence to the nearby
estuary. Whilst monitoring of adjacent farmland showed no significant exposure from
this route, it was recognised that the potential existed in the longer-term and that it
would be preferable to route leachate directly to sea. A leachate management system
was therefore installed, including refurbishment of leachate drains, provision of
holding tanks with flow-proportional sampling equipment and a pipeline to allow
pumped discharge of leachate to sea. This enables discharges to be controlled and
sampled. Tests at sea have confirmed the original design performance specification
of the 1.2 km marine outfall. Surface run-off waters from the newer disposal vaults
(discussed below) are also routed via the marine discharge system.

Together with this upgrading of the management of the trenches, BNFL introduced a
new wasteform specification and the use of engineered concrete vaults. This
programme, with optioneering evaluation studies, was designed to consider the
principal components:

• Waste Conditioning
• Waste packaging
• Vault design

These optioneering studies were carried out in an integrated manner in order to
achieve the optimum combination of these three key components and set a cost-
effective solution for future LLW disposals in the UK. In carrying out these studies
the important criteria included:

• Technology availability
• Costs
• Operational aspects
• Workforce and public doses during operation
• Transport implications
• Effect on site volume capacity
• Long term performance and environmental impact

5.1 Waste Conditioning

A number of waste conditioning options were considered including:

• Low force compaction

• High force compaction
• Incineration
• Rotary calcination
• Melting
• Grouting

Based on the criteria given earlier, the preferred solution was the combination of high
force compaction of wastes with grouting of the resultant pucks in product containers.
This strategy ensures both excellent volume reduction, and hence vault utilisation
efficiency, and also minimum residual voidage associated with the wasteform.
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This high density, low voidage wasteform has been a principal aspect in developing
the new disposal concept for Drigg disposals. The wasteform must provide good
support for the closure cap over very long periods of time. This is so that once the
container and vault structures degrade as they must over time, then localised
differential settlement of the cap will not occur, and that settlement will be both
gradual and relatively uniform across the vaults.

The Waste Monitoring and Compaction (WAMAC) facility, at Sellafield nearby to
Drigg, has the capability and capacity to offer a service to compact LLW from
throughout the UK. The nature of the wastes to be conditioned is very variable and
for some wastestreams includes a wide range of materials including metallic items
and concrete for example from decommissioning projects. In overall volume
reduction terms, it is these components which often determine final product volumes.
In the WAMAC facility, the fraction of wastes which can be compacted has therefore
been maximised by providing a size reduction capability and by the ability to compact
not only 2001 drums of waste but also wastes loaded into nominal 1 m3 boxes. The
principal stages in the WAMAC process are illustrated in Figure 2 and the plant
layout shown in Figure 3.

On receipt at WAMAC, the documentation associated with each consignment is
passed to the control room. Details from the documentation is entered onto the waste
tracking and inventory control computer system and a range of verification
acceptance checks carried out. The tracking system subsequently records waste
movements throughout the WAMAC and Drigg Grouting facilities and enables the
inventory of each product container to be individually identified and recorded.

The WAMAC facility has the ability to receive both "loose" waste, in agreed transport
containers, and also wastes packaged in either 2001 drums or nominal lm3 boxes. The
size of the box has been chosen as the maximum practical for processing and the
dimensions optimised with respect to loading in the standard overpack. The boxes
are made of mild steel and contain internal anti-reassertion louvres to retain pre-
compaction plates (Figure 4). Drummed or boxed wastes are unloaded at ground
floor level by docking a full height ISO container directly onto the building. "Loose"
wastes, principally in 5 or 10m3 capacity skips, are delivered by skip-lift vehicles and
tipped into one of three receipt troughs on the upper floor level.
Wastes in troughs are handled by one of three remotely operated mechanical grab
devices. Wastes can be loaded directly into boxes, or alternatively, can be size
reduced either by a shredder unit or via use of hydraulically operated cutting tools.
Any item which cannot be size-reduced can be routed directly to the product loading
area. Softer-type wastes are precompacted within the boxes before further waste is
loaded into the box and the lid emplaced.

Throughout the processing the wastes are subject to level 1 waste receipt monitoring
as described in Section 3.3 and prior to high force compaction, drums and boxes of
wastes can be diverted for monitoring level 2 (non-destructive assay) and level 3
(intrusive examination and assay).

Drums and boxes are high force compacted (Figure 4), at up to 5000t force, in a dual
bolster compactor. Any minor quantities of liquid generated during compaction are
collected and subsequently absorbed into purpose developed cement bentonite blocks

-77-



in the base of product containers. The box and drum pucks produced by the
compactor are loaded into product containers (discussed below) and a lid fitted prior
to monitoring and despatch by rail to the Grouting Facility at Drigg.

The Grouting Facility, illustrated in Figure 5, consists principally of four bays into
each of which an overpack can be placed. Each overpack contains a grouting port.
This consists of a removable flange and beneath it, a baffle arrangement to ensure a
satisfactory flow of grout. Grouting serves the purpose of filling internal voidage and
providing a cap across the external upper surface. A very low viscosity grout made up
of pulverised fuel ash, cement and a superplasticiser has been developed and
extensively tested. The grouted product is shown in Figure 6.

5.2 WasteJEackage Development

Four principal container design schemes representing a range of options were
evaluated. These were small and large sizes and metal and concrete construction.
The preferred solution was identified as a nominal 20m3 external volume, half-height
ISO (International Standards Organisation) steel container. The relatively large size
of overpack has been selected to minimise the number of handling operations, and
hence cost and dose uptake, whilst a metal container is considered preferable to
concrete ones in order to ensure maximum utilisation of vault disposal space. Metal
containers also result in lower gross package masses prior to grouting. An important
consideration was also the ability of the container to meet Transport Regulations
during shipment to Drigg both from Sellafield and other establishments across the
UK.

The large metal container concept was then optimised in terms of minimising voidage
associated with the container structure and giving relatively uniform load distribution
across its base. Residual voidage after grouting has been minimised by redesign
from standard ISO containers in particular of the base assembly and side panels.
Relatively uniform load distribution was considered in order to essentially eliminate
point loads on the vault base from a stack of containers of up to 42 tonnes each plus
the overlying closure cap. In order to achieve this the load is distributed through the
wasteform itself rather than the container structure, hence the use of a top grouting
area across the surface of the container (Figure 6).

As well as the standard half-height ISO container, a small number of additional
designs have now been developed. In particular a third-height container for use with
very dense wastes, such as metal plates, enabling the 42 tonnes handling limit to be
met and a nominal 10m3 capacity variant for easier handling and use in smaller areas.
The external dimensions and volumes of these containers are shown below:

Container design

Half-height (No 2910)

Third-height (No 2989)

ISO-skip (No 2921)

Height
(m)

1320

880

1725

Width
(m)

2438

2438

1950

Length
(m)

6058

6058

3400

YoJume
(m3)

19.50

13.00

11.44
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All these container designs have been through value engineering assessments to
optimise the design and minimise costs. They have also all successfully been
assessed against the requirements of the IAEA Transport Regulations.

5.3 Vault development

The first disposal vault at Drigg was introduced in 1988 and was essentially an
extrapolation of the trench disposal system in that it is below ground and underlain by
a clay layer. In particular it allows the orderly emplacement, by fork lift truck, of the
containerised wastes. This first vault has a total capacity of 180,000m3 and consists of
three bays each of about 60m width, 200m length and 5m depth. The vault consists of
a concrete base and walls and an underlying drainage layer. Surface run-off water
and drainage beneath the base are collected and sampled independently prior to
routing to the marine discharge system described earlier.

This first vault is still in use and, with the reduced rates of waste arising, is now
expected to remain in operation until at least 2005. Vault design and optimisation
work has continued however to assist with future planning and an updated design
developed for future vaults is shown schematically in Figure 7. This retains the
concept of open vaults, each of capacity of about 50,000m3 equivalent to about five
years of disposals. The vaults will be stacked six high rather than the four high in the
current vault. Backfilling between containers is not carried out on an ongoing basis,
but the containers close-stacked in arrays. Caps on the vaults will be constructed
directly onto the containers using an initial gravel infill and cover layer and
subsequent bulk-fill, impermeable and surface layers.

For large items of waste which it is impractical to size reduce into containers, in-vault
grouting is carried out. At present this is done on a campaign basis in areas of the
current, open vault using mobile grout facilities. However, as shown in Figure 7,
future vault designs will include dedicated cells for in-vault grouting. Large items
will be emplaced as they arise in the cells using installed craneage and mobile roof
covers. Grouting will then be carried out in successive layers and, on completion of
each cell, the equipment advanced to the next area.

5.4 Post-Closure Measures

Following completion of disposals into each vault (or bay in the case of Vault 8),
interim caps similar to that over the trenches will be installed to form an integrated
cap over the entire disposal area. In this way operational disposals are expected to
continue to about the middle of the next century. It is then planned that the site be
maintained for a period of the order of 100 years or more during which operational
facilities would be progressively decommissioned and long-term site closure features
constructed. The detailed nature of these features will be developed with time in
order to take into account good environmental and engineering practices and enabling
future developments of relevance to be taken into account. Nevertheless, BNFL have
an engineering evaluation studies programme to develop and evaluate appropriate
closure measures (see Section 7).

Planning for site closure includes consideration of remedial work associated with
drainage systems on site including the marine pipeline, the installation of further
groundwater cut-off walls and a final closure cap. The latter will be emplaced when it
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is judged settlement is substantially complete and will incorporate a band of low
permeability material such as clay. The profile and construction of the cap will be
designed to:

• minimise infiltration through the cap and the build-up of gas beneath it
• minimise the effects of the environment, eg erosion, desiccation, freeze/thaw
• inhibit intrusion by man, plant roots or burrowing animals

Following installation of the cap, a period of maintenance and monitoring is
anticipated as a component of an overall site repository and environmental monitoring
programme. Monitoring and security will then be maintained until such times as the
results confirm that the facilities have stabilised sufficiently that the residual risk, as
evaluated by a final safety case, demonstrates that restrictions on access to the site are
no longer required. At that time, the final records associated with the site will be
completed and lodged with the appropriate regulatory authority.

6. ENVIRONMENTAL MONITORING

During the operational phase of a near-surface disposal facility, the UK regulatory
requirement includes that the dose to the most exposed group of the general public
does not exceed 300 jiSv/year. As part of good operational practices and in order to
demonstrate compliance with this limit, BNFL carry out a comprehensive monitoring
programme both on the Drigg site and in the surrounding area. This monitoring
programme includes.

• Groundwaters
• Surface waters
• Sediments
• Air
• Milk
• Marine foodstuffs
The amounts of activity discharged from Drigg are however very low and in practice
it is impossible to assess the impact of Drigg through environmental monitoring alone
because of the much larger discharges from Sellafield. It is possible to estimate their
impact by modelling and this indicates a critical group annual dose of about 0.01 |j,Sv.
Monitoring of the principal pathways by which the public may be exposed confirms
the minimal impact of Drigg operations.

7. TECHNICAL SUPPORT WORK

For a number of years now a programme of technical work has been carried out in
support of the Drigg site This has two primary purposes. Firstly, to underpin and
progress the engineering and waste management developments, and secondly, to
ensure the necessary information and numerical models are available to provide
radiological impact assessments. Indeed, these two objectives are inter-related and
the results of comparative risk assessments have been and will be used in selecting
preferred development options.
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With the successful implementation of the waste conditioning strategy outlined above,
the primary objective of the current technical studies is to ensure an up-to-date
radiological assessment methodology and supporting input data. The other principal
objective is to underpin the longer-term development of post-closure measures. This
technical work is more fully described in the accompanying paper to this Workshop.
However, in summary the technical work includes:

• Updating of estimates of the site inventory at closure
• Engineering risk assessments of the performance of key engineering features
• Supporting experimental studies of engineering features
• Provision of gaseous and near-field source term/release data
• Continued collection and interpretation of site characterisation data
• Provision of geosphere chemistry data
• Development of the post-closure assessment methodology
• Scenario formulation, including for climate change
• Computer code development and testing
• Supporting safety case justification

This methodology and the supporting database will be used in further evaluation of
development options and in the preparation of submissions necessary for the periodic
reviews of the disposal authorisation.

8. CONCLUSION

The BNFL Drigg near-surface disposal facility has been in successful operation for
the disposal of UK low level wastes for over 30 years. A significant development
programme has defined a wasteform and vault strategy which is now in operation and
provides for efficient utilisation of the Drigg site capacity and a cost-effective
disposal concept which meets both national and international standards.
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1. IRUS WASTE STREAMS AND INVENTORY

1.1 INTRODUCTION

The safety case for the IRUS low-level radioactive waste disposal facility is based on the
fact that IRUS will contain three specific types of waste only. Any applications to modify
the types of waste will be the subject of separate regulatory submissions.

1.2 DESCRIPTIONS OF THE WASTE STREAMS

The three specific waste streams that will be emplaced in the IRUS facility are:

(i) baled waste (1740 m3);
(ii) bituminized incinerator ash (30 m3); and
(iii) bituminized reverse osmosis concentrate (142 m3).

1.2.1 Baled Waste

The various activities carried out at AECL's Chalk River Laboratories (CRL) site generate
solid wastes which are first placed in 40 L plastic bags and then picked up and transported
to the Waste Treatment Centre (WTC) for compaction. The bags are segregated at
source into incinerable, non-incinerable, and non-processible categories. Bags with
external radiation fields in excess of 1 mGy-h"1 at 30 cm are not accepted for processing at
the WTC.

The solid waste typically consists of contaminated items such as paper, wood, cardboard,
wet mops, rags, gloves, and plastics. The records compiled over the past 11 years
indicate that 1000 to 2000 such bags are generated per month, and that most of these bags
(94%) have radiation levels less than 10 uXjyh*1 on contact.

The baling process involves placing a corrugated fibreboard box with a plastic liner inside
the chamber of the baler, and then placing the bags of waste into the chamber where they
are compressed at a pressure of (typically) 930 kPa. The process is repeated until the bale
is fully formed, at which time strapping is placed around the bale. The final bale is
therefore composed of waste material that is partially encapsulated inside the remnants of
the plastic trash collection bags which are, in turn, contained within the plastic liner of the
bale box.

Each bale resulting from the compaction process contains approximately 65 bags, weighs
290 kg, and has a volume of approximately 0.4 m3. In the period 1982 to 1993, 2757
bales (1100 m3) were sent for storage in circular concrete bunkers on the CRL site, and
the average generation rate for bales from 1989 to 1995 was 305 (122 m3) bales per year.
The on-contact radiation fields from waste bales vary widely from 20 uGy-h*1 to 20
mGy-h"1 with an average value of 250 jiGy-h"1 .
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1.2.2 Bituminized Incinerator Ash

150 drums (30 m3) of bituminized incinerator ash were generated from the operation of
the CRL low-level radioactive waste incinerator, which was used between 1982 and 1989.
The predominant waste feed to the incinerator was uncompacted and compacted wastes of
the type discussed in Section 1.2.1. The waste package resulting from the subsequent ash
immobilization process was a 210-L galvanized steel drum containing a 50:50 mixture by
weight of the ash and bitumen and weighing approximately 270 kg. A ribbon blender was
used to mix the ash and molten (oxidized) bitumen. The average on-contact radiation field
for the 150 drums was 0.6 mGy-h"1 with a standard deviation of 0.5 mGy-h"1.

1.2.3 Bituminized Reverse Osmosis Concentrate

The CRL site is equipped with a chemical active drain system that is intended for use in
collecting and transferring the radioactive waste liquids that arise from the large and
diverse number of research activities and radioisotope production facilities on the site.
The CRL programs that typically generate these liquid wastes include fuel engineering,
fuel and pressure tube examination, catalyst development, chemical engineering,
metallurgy, isotope production, and chemical analysis, and between 1991 and 1994 the
average amount of liquid collected through the chemical active drain system was 1432
m3a"' . In addition, the liquid wastes generated during CRL decontamination operations
have a dedicated drain line; between 1990 and 1994, the average amount of liquid
originating from the Decontamination Centre was 1307 m3a"' .

The radioactive liquids collected by these drain systems are routed to the Waste Treatment
Centre (WTC), where they are passed through microfiltration units and reverse osmosis
membranes to concentrate the contaminants by a factor of 20 to 30. This concentrate is
subsequently combined with direct distilled bitumen that has been emulsified with water
(40%) to reduce its viscosity. The residual water in the concentrate and bitumen feed
material is removed in a thin film evaporator, and the resulting product fed into 210-L
galvanized steel drums. Approximately 50 drums (11.4 m3) of bituminized reverse
osmosis concentrate is sent for storage in circular concrete bunkers on the CRL site each
year, and as of 1994 December, there were about 40 m3 of this material in storage. Each
drum weighs approximately 270 kg, and the on-contact radiation fields vary between 3
and 50 mGy-h'1 with a typical field being 30 mGy-h'1 .

1.3 WASTE CONTAMINANT INVENTORY

A detailed knowledge of the waste inventory is of fundamental importance when preparing
the safety case for waste disposal. AECL has characterized the waste in a pragmatic and
organized fashion by:

(i) systematically identifying on-site and off-site waste streams and waste blocks;
(ii) employing inference methods (based on process knowledge) to predict the content

of the wastes;
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(iii) applying analytical methods specifically developed at CRL for the determination of
radionuclide levels in CRL waste streams;

(iv) carrying out analyses on the identified wastes;
(v) applying administrative systems and databases to meet auditing, reporting, and

inventory control requirements; and
(vi) educating producers of waste about the importance of waste characterization and

waste control.

The nature of CRL operations is such that a wide variety of wastes are generated, and the
variability in the wastes exceeds that associated with the routine operation of, for example,
a large power reactor or an isotope user or producer. In recognition that a major effort
will be required to characterize the AECL waste streams and waste blocks for future
disposal on a major scale, an approach was taken that permits proceeding with disposal
into the IRUS facility, while at the same time accommodating the fact that the
characterization of all waste streams or waste blocks would take years. That approach
was to restrict the inventory in IRUS, for the purposes of this safety case, to the three
waste streams described in Section 1.2.

These three waste streams have been extensively characterized, and the results of that
characterization used in predicting the final inventory of IRUS.
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Table 1.3-1
Total Radionuclide Inventory for IRUS

Nuclide

Ag-llOm

Am-241

C-14

Ce-144

Cl-361

Cm-2442

Co-60

Cr-51

Cs-134

iGp-1352

Cs-137

Eu-152

Eu-154

Eu-155

H-3

1-129

Nb-94

Nb-95

Ni-59

Ni-63

Np-237

Nuclide Inventory in
1912 m3 of Waste (Bq)

4.77E+10

3.27E+10

1.23E+10

5.39E+12

3.48E+08

2.12E+09

2.31E+12

2.33E+14

5.89E+11

8.62E+06

4.79E+12

2.22E+10

1.43E+11

8.53E+10

3.25E+13

1.50E+06

8.69E+O9

3.11E+13

1.39E+O8

3.19E+10

3.12E+07

Nuclide

Pd-1072

Pu-238

Pu-239

Pu-240

Pu-2412

Pu-2422

Ra-226

Ru-103

Ru-106

Sb-125

Se-792

Sn-1261

Sr-9O

Tc-991

Th-230

U-2332

U-234

U-235

U-2381

Zn-65

Zr-932

Zr-95

Nuclide Inventory in
1912 m3 of Waste (Bq)

2.30E4O6

8.67E+10

1.34E+10

2.19E+10

1.76E+12

7.70E+07

9.09E+07

3.08E+13

7.22E+11

4.29E+10

6.01E+06

1.08E+07

3.34E+11

1.84E+O9

1.44E+05

2.05E+02

2.56E+09

1.10E+08

4.94E+08

2.66E+11

2.17E+08

4.91E+13

Inventories based on minimum detectable activity from measurements.
Inventories inferred.
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Table 1.3-2
Non-Radiological Contaminant Inventories in IRUS, by Waste Stream and Total

Element

Na

K

Ca

Mg

Fe

Mn

Al

Ni

Co

Cd

Pb

Cr

Hg

Te

As

NO3

PO4
3

Inventory in
30 m3 of
Bituminized
Incinerator
Ash (g)

9.39E+O5

3.88E+O5

1.66E+06

2.95E+05

2.24E+06

4.43E+04

1.65E+06

7.98E+04

3.26E+03

1.96E+04

3.O3E+O5

1.16E+05

6.33E+02

2.39E+O3

3.17E+03

1.43E+06

5.62E+O5

Inventory in 142 m3

of Bituminized
Reverse Osmosis
Concentrate (g)

9.23E+O6

1.44E+O5

2.95E+05

5.99E+04

3.05E+O5

3.37E+04

4.70E+05

1.12E+04

2.49E+02

1.25E+O3

3.78E+04

1.15E+04

2.31E+03

7.44E+02

6.54E+02

1.40E+07

5.52E+O6

Inventory in
1740 m3 of
Baled Waste (g)

2.38E+06

9.08E+O5

3.89E+06

6.89E+O5

5.25E+06

1.04E+05

3.86E+06

1.87E+O5

7.63E+O3

4.59E+O4

7.08E+05

2.71E+05

1.48E+O3

5.59E+O3

7.41E+O3

3.61E+O6

1.42E+06

Total Predicted
Inventory in
1912 m3 of
Waste (g)

1.25E+07

1.44E+06

5.85E+O6

I.04E+06

7.79E+O6

1.82E+O5

5.98E+06

2.78E+O5

1.11E+04

6.68E+04

1.05E+06

3.99E+O5

4.42E+03

8.72E+O3

1.12E+04

1.90E+07

7.50E+06

2. WASTE FORM PERFORMANCE

2.1 BALED WASTES

There are insufficient data that can be used to estimate time scales for radionuclide release
from bales. A certain amount of release will occur by diffusion and perhaps advection
(i.e., contact with infiltration). Bale decomposition, which is a process that is estimated to
occur on a time scale of several hundred years, may also lead to the release of

-99-



radionuclides.

For this reason, radionuclide release from baled waste is based on the following, very
conservative, assumptions.

i) No credit is taken for sorption onto the refuse that makes up the bales.
ii) Radionuclide release occurs over a ten year period. Hence, the radionuclide

inventory in bales is released and distributed uniformly throughout the backfill
within the first ten years of the postclosure period.

These assumptions are conservative because (i) the bale liner, the remnants of the plastic
trash collection bags and the refuse itself will restrict radionuclide mass transfer, (ii) the
bales are less permeable to flow than is the backfill, hence, even after the onset of
infiltration, diffusion should still limit radionuclide releases from bales, and (iii) the bale
matrix (i.e., the refuse) will sorb radionuclides.

2.2 BITUMEN

Two types of bituminized waste will be emplaced in IRUS: 30 m3 of bituminized ash from
the incineration of bales, and 142 m3 of bituminized RO concentrate. The bituminized ash
is about 50 wt % ash that is largely insoluble solids (refractory oxides). The bituminized
RO concentrate is about 35 wt % waste solids, which are mainly soluble salts. Incinerator
ash is solidified in oxidized bitumen and the RO concentrate is being solidified in distilled
bitumen. Distilled bitumen is sometimes referred to as emulsified bitumen, because waste
solids are blended with an emulsion of distilled bitumen during waste processing.

Each drum of bituminized RO concentrate to be emplaced in IRUS will be coated with
about 5 cm of "cold" bitumen inside a steel overpack (cold bitumen is oxidized bitumen
that does not contain any radioactive waste). The cold bitumen coating is an additional
barrier that is expected to delay and limit the release of contaminants from bituminized RO
concentrate for hundreds of years.

For this safety case, the assumption is made that the contents of the bituminized waste will
be released at a uniform rate over a period of 500 years.

3. VAULT DESIGN AND CONSTRUCTION

3.1 INTRODUCTION

IRUS will be a below-ground vault consisting of an open bottom reinforced-concrete
structure (approximate dimensions 3 0 m x 2 0 m x 8 m ) with a reinforced-concrete roof.
The vault will contain waste packages separated and surrounded by permeable
sand/clinoptilolite backfill. The vault has a capacity of about 1900 m3 of waste packages
and an equal volume of backfill.
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The vault roof consists of a 1 m thick reinforced-concrete slab designed to resist
infiltration of water and to deter inadvertent intruders. The roof will be covered by a
multi-layer earthen cover engineered to limit infiltration down to the roof, and to isolate
the roof and vault structure from freeze-thaw cycles. The walls and footings of the vault
are made of 0.61 m thick reinforced-concrete. The floor of the vault is constructed of two
0.3 m thick layers of permeable sorbing buffer mixtures. The engineered permeable floor
is designed to be free-draining, which is one of the features of the IRUS facility.

The vault structure is required to meet its functional requirements for 500 years until most
of the radioactivity in the waste has decayed. Therefore, the durability of the structural
materials used in the construction and the long-term behaviour of the structure are
important considerations in the design of the vault. The details are discussed briefly in the
following sections.

3.2 FUNCTIONAL REQUIREMENTS

The IRUS disposal facility is designed to meet the following functional requirements:

(i) minimize contact of water with the waste;
(ii) ensure long-term structural integrity;
(iii) prevent inadvertent intrusion into the waste;
(iv) restrict the loss of radionuclides from the vault; and

(v) minimize the need for long-term maintenance.

3.3 DESCRIPTION OF THE IRUS STRUCTURE

3.3.1 Vault Foundation and Walls
The vault will be 31.6 m long x 21.65 m wide x 8.6 m high from the base of the
foundation to the underside of the concrete roof at the outer wall location. The
foundation width is proportioned such that the bearing capacity of the soil will not be
exceeded under any load or combination of loads. The foundation pressures are kept
below the allowable bearing pressures (6000 psf - 290 kPa) at all locations, as
recommended by a geotechnical consultant. The total maximum settlement corresponding
to this pressure would be of the order of 25 mm, resulting in very little differential
settlement of the foundation.

The base and walls are made of 0.61 m thick reinforced-concrete. To take advantage of
the material properties of concrete, the outer walls are arch-shaped in plan view. This
shape helps the walls to resist the external soil pressure by inducing direct compressive
stresses in the concrete walls and minimizing the bending stresses (i.e. compression on one
side and tension on the other side in a conventional trench-type design). This reduces the
quantity of reinforcing steel (a potential cause of concrete degradation), and also provides
a stress field that would counteract tension cracks produced in the concrete walls due to
the effects of other loadings.
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The walls are also provided with construction and isolation joints to help minimize drying
and plastic shrinkage cracks in the concrete during construction. The inside and outside
surfaces of the outer walls will be treated with a waterproofing coating. Even though the
waterproofing material will provide protection of the concrete from infiltration for a
number of years, the longevity of the waterproof coating is not quantifiable and hence no
credit is given for the coating in the assessment of concrete longevity.

Internal walls divide the vault into six cells. The top of the centre wall is 0.61 m higher
than the outside walls, thus providing the concrete roof with a slope from the centre
towards the edges to facilitate natural drainage to the sides. The internal floor area of the
vault is 525 m2, providing a total inside volume from the top of the foundation to the
underside of the concrete roof cap, of 3,900 m3, exclusive of the buffer layers at the
bottom and the sand layer placed on top of the waste packages prior to closure.

3.3.2 Vault Roof

After the vault is filled with waste, a compacted sand layer will be placed over the waste in
each cell, over which 150 mm of lean concrete (low-strength concrete) will be poured in
place. The roof slab will be poured in place on top of the vault walls such that the
reinforcing steel continues from the exterior walls into the roof, making the walls and roof
into one integral structure. The roof and walls are designed to resist the loads from the
earthen cover, including loads from equipment to be used for the construction, without
counting on any support from the waste and backfill inside the vault.

The outside surface of the concrete roof will be treated with a waterproofing coating and
covered with bentonite panels, which will seal the surface and resist any infiltration of
water and any water contact with the concrete surface. To further enhance the resistance
to infiltrating water and facilitate drainage away from the vault, the earthen cover will
contain a gravel drainage layer. Water collected by the drainage layer will flow into drains
placed on both sides of the vault along the length of the vault, to be discharged away from
the unit so that its infiltration through the soil will not affect the water table elevation
under the vault. The drainage layer will be covered with a geotextile fabric and topped
with layers of decreasing particle size and well-consolidated sand. The geotextile will
prevent sand entering the drainage layer, thereby reducing drainage efficiency during the
postclosure period. The site surface will be graded, covered with topsoil, and planted with
hardy vegetation to enable precipitation to run off without causing erosion.

3.3.3 Floor Buffer and Backfill Layers

The vault will have a permeable bottom to allow any water that has infiltrated into the
vault to discharge readily, thus minimizing the time it will remain in contact with the waste
and decreasing any leaching of the radionuclides. The permeable bottom will avoid the
accumulation of water inside the cells (the bathtub effect).
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The vault floor will consist of a 610 mm thick layer of buffer materials applied in two
layers. The bottom layer will be 300 mm thick and will be composed of 90% sand and
10% Dochart clay by weight, and the top layer 310 mm in thickness will be made of 90%
sand and 10% clinoptilolite by weight. These buffer layers will be topped by 75 mm of
compacted sand which will form the floor of the unit. Both Dochart clay and clinoptilolite
have the ability to sorb cationic radionuclides from aqueous solution, and thus reduce
radionuclide escape from the vault. The backfill placed around the waste packages will
comprise a mixture of sand and clinoptilolite to increase the absorption of radionuclides.

3.3.4 Monitoring Shaft

A system has been included to monitor the performance of the stored waste material. The
monitoring system requires access to the base of the IRUS unit for instrumentation and
sampling. Access will be in the form of a vertical shaft to an underground monitoring
room located adjacent to the IRUS base. The monitoring shaft will be independent of the
IRUS unit and will be backfilled after the monitoring period is ended.

The monitoring shaft and room are designed to meet the following functional
requirements:

(i) provide access to the probes and sample tubes located in the buffer layers and the
underlying sand;

(ii) provide sufficient working space and a suitable working environment for placing
probes, taking samples, and storing equipment;

(iii) be available during operational (waste emplacement) phase and the initial part of
the post-closure phase; and

(iv) provide access to the underlying soil through the monitoring room floor, if
required.

The monitoring shaft will be a reinforced-concrete structure designed to the same
standards of construction and same level of quality assurance as the IRUS unit.

3.4 SEISMIC DESIGN OF THE IRUS STRUCTURE

3.4.1 Seismic Design Parameters

The IRUS facility is designed for long-term structural integrity and therefore seismic
safety is one of the major considerations. An earthquake event equivalent to the Design
Basis Earthquake (DBE) defined for the CRL site is employed for the seismic qualification
of IRUS. The values of the ground motion parameters necessary for the definition of the
DBE are determined using the probabilistic approach recommended in CSA Standard
N289.2. The DBE is chosen at 10'3 probability of exceedance per annum (i.e. 1000 year
return period). The DBE parameters for the CRL site are as follows:

At bedrock or firm strata level:
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Peak Horizontal Acceleration (PHA) = 0.24 g
Peak Horizontal Velocity (PHV) = 0.130 nrs-i

An alternative seismic event having a probability of exceedance of 0.0021 per annum at
the CRL site (return period of 475 years), is defined by the following parameters:

At bedrock or firm strata level:

Peak Horizontal Acceleration (PHA) = 0.17 g
Peak Horizontal ground Velocity (PHV) = 0.086 nrs'1

There is an adequate factor of safety to ensure overall stability of the sand ridge under the
DBE condition. Furthermore, the post-seismic stability of the soil slope was also
examined and found to be satisfactory against ground movement due to aftershocks
following the DBE.

3.4.2 Seismic Design Requirements

The IRUS structure is designed to meet the following requirements:

(i) the repository structure must be capable of meeting the strength and serviceability
requirements, during and following the postulated seismic event;

(ii) the probability of exceedance of the seismic design parameter values must be very
low; and

(iii) in the unlikely occurrence that a seismic event exceeds the selected seismic design
parameter values, the consequence of exceedance must not be severe enough to
cause a total structural failure.

3.5 DESIGN FEATURES FOR LONG-TERM INTEGRITY

To achieve the long service life requirement for the IRUS facility, a number of aspects
were given special consideration. These include: seismic qualification, durability of
concrete, and earthen cover design.

3.5.1 Seismic Design

The structure is designed to perform well during and after an anticipated seismic event.
Steel reinforcement for the concrete structure is designed and detailed to satisfy both the
strength and serviceability criteria, including the special provisions for seismic design
stipulated in CSA Standards N287.3 and A23.3. To meet the functional requirement of
minimizing water infiltration, the crack width on the exterior surface of the concrete roof
and walls, is limited by design to less than 0.33 mm, and for interior walls to less than 0.40
mm, under all load combinations including the seismic loads.
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3.5.2 Concrete Durability

3.5.2.1 Introduction

The durability of concrete has been studied for many years. The processes that affect the
long-term integrity of concrete structural elements are known. However, few studies are
available to predict the longevity of reinforced-concrete structures over hundreds of years.
Very little information in the literature quantitatively relates the rate of degradation of
concrete subjected to aggressive environmental agents.

To remedy this situation, as part of the IRUS licensing support effort, in 1987 AECL
initiated a research program on concrete durability. The objective of the program was to
develop a method for designing a concrete mix for IRUS that would have a long service
life. The experimental work in the program was performed by the National Research
Council (NRC) under contract to AECL. Durability and qualities of a wide variety of
concrete types were evaluated under a range of environmental exposure conditions.

3.5.2.2 Conclusions

The main focus of the NRC experimental work for AECL was the diffusion studies
designed to set a lower bound on the time required for corrosion of reinforcing steel, the
process that is expected to limit the lifetime of IRUS structural concrete elements.
Measurements were also made on other degradation mechanisms (e.g., carbonation,
sulphate attack, freeze-thaw cycling).

The following conclusions can be drawn from the program:

(i) Blended cements yield diffusivities up to 25 times lower than equivalent Type 10
Portland cements,

(iii) The requirement of a 500 year service life for IRUS concrete can be met by:

a) using a special concrete containing blended cement,
b) covering the reinforcing steel with concrete to a depth of 75 mm in the

foundations, walls and roof of the vault, and
c) continuing moist curing of the concrete for at least two weeks

3.5.3 Cover Design

3.5.3.1 Introduction

Contemporary near-surface disposal facilities generally incorporate multi-layered
engineered barriers. These include an earthen cover over the entire facility, as well as the
waste form, backfill material, and the concrete structure in which the waste is emplaced.

The essential design requirements of an earthen cover are:
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(i) A stable, benign environment for the vault and its contents by stabilizing the
surface soil, protecting the roof from water contact, and providing frost
protection;

(ii) Resistance to inadvertent intrusion;
(iii) Minimise water infiltration.

3.5.3.2 Design Features of a Possible Earthen Cover for IRUS

The conceptual cover above the reinforced-concrete roof of the vault contains the
following layers:

(i) Hardy vegetation and rock mulch - for surface stabilization;
(ii) Topsoil - the growth medium for the vegetation;
(iii) Fine sand - for frost protection, and part of a capillary break (in combination with

the cobbles below);
(iv) Geotextile - an installation aid for the establishing the capillary break;
(v) Cobbles - a barrier to burrowing animals and plant roots, and a capillary break (in

combination with the fine sand above);
(vi) Gravel - for infiltration drainage;
(vii) Geomembrane - an infiltration barrier;
(viii) Sand - for frost protection;
(ix) Bentonite panels - a self-sealing infiltration barrier that will also seal cracks in the

concrete roof below.

The design details are conceptual, and a design of a satisfactory cover and an evaluation of
its expected performance will be submitted as part of the Final Safety Analysis Report
(FSAR), or in the application to close IRUS.

The eventual design will have sufficient redundancy to continue to perform adequately
even if the individual features function less well than expected. The main layers will be
made of natural geologic materials; long experience with them gives confidence that their
long-term behaviour is well understood.

3.6 WEATHERSHIELD BUILDING

During the waste emplacement period, which may last 5 to 7 years, a temporary building
will be constructed over the concrete vault. This building meets the following functional
requirements:

protect the concrete structure and waste packages from the outside elements and
provide a dry area for the waste emplacement operation;

- provide support for the building crane;
- provide enclosed space for the control room, a truck unloading area, and storage

of waste handling equipment.
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The overall building size is 27.4 m x 51.5 m, with a minimum roof height of 8.25 m above
grade. The building encloses a truck unloading area, control room for crane operation, and
material handling equipment storage area.

The building is a pre-engineered structure with structural steel framing and pre-finished,
metal sandwich panel cladding. Steel columns are supported on reinforced-concrete
footings set 1.65 m below grade for frost protection, with a pier height extending 1.0 m
above grade. Within the building, the floor is covered with gravel, including the end bay
areas for truck

4. OPERATIONAL FEATURES

4.1 RADIATION PROTECTION

The prime sources of radiation are the waste packages, which must be handled with care
during the various operations, from receipt to emplacement and, finally, closure of the
facility. Full knowledge of the radiation fields present at each stage is vital, and these can
be obtained either by external monitoring or prior knowledge of the package contents.

Waste packages will be managed in a manner that is consistent with the practice of
ALARA. Where practical, time, distance, and shielding will be utilized to minimize
exposures to radiation fields. The more radioactive packages (e.g. bituminized wastes)
will be placed near or at the bottom of a cell and overlaid by less radioactive wastes to
minimize radiation fields to operators and workers during subsequent operations and
closure. This will also help to minimize the impact of any inadvertant intrusion after
closure.

The radiation protection program will involve the direct measurement of radiation fields
by Radiation Protection personnel using hand-held measuring devices, and by the use of
area monitoring devices placed strategically inside the IRUS weathershield building. In
addition to this, all personnel working in the IRUS facility will wear personal dosimetry
devices (e.g. thermoluminescent dosimeters). Continuously operating air monitors will
permit the measurement of particulate and gaseous emissions from waste packages within
the IRUS weathershield building. The area monitoring devices will warn of abnormal
radiation fields and the air monitors will warn of the presence of airborne radioactive
particles or gases. The set points of these monitoring devices will be dictated by their
actual locations and will be specified during commissioning. The normal response to
monitor alarms will be to evacuate the area until the hazard has been evaluated. The
emplacement procedures will also provide direction for minimizing the spread of
contamination and the necessary controls to prevent contamination of equipment and
personnel during normal and abnormal operations.

4.2 WASTE RECEIPT AND INSPECTION
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A Waste Reception Center (WRC) is equipped to off-load the three IRUS waste streams
directly from transport vehicles by trained personnel. It also has areas to inspect incoming
packages, to temporarily store packages in a safe manner, to monitor packages on a
selective basis and to sample individual low-activity packages for detailed destructive
examination.

Packages arriving at the WRC will be visually inspected and checked with hand-held
radiation meters to determine external radiation fields. Package identification will be
recorded and cross-referenced to the manifest completed by the waste generator.
Manifests are required to have all of the pertinent information on the physical and
radiological characteristics of the wastes. WRC operators will check the completeness of
the manifest data before the waste packages are shipped to IRUS. If there are any "non-
qualifying" aspects of either the accompanying documentation, or the package itself, it will
be rejected from emplacement into IRUS.

Monitoring packages will principally involve measuring the gamma-ray emissions from the
packages and interpreting the data to estimate the radionuclide inventory. Waste
characterization using destructive analysis will be performed in analytical facilities within
the active area at the Chalk River Laboratories.

4.3 WASTE TRANSPORTATION, HANDLING, AND INTERIM STORAGE

The three IRUS wastes will be transported to and from the WRC or the various waste
management facilities using AECL vehicles. Handling will be minimized to reduce
exposures and reduce the risk of mishaps. The WRC is intended to serve as the control
point for wastes destined for the Chalk River Laboratories waste management facilities,
including IRUS. The WRC has a truck ramp and shipping doors to facilitate loading and
unloading. Within the WRC there are areas for temporary storage of packages prior to
transportation to an appropriate waste management facility.

Waste packages will be transported and handled in a fashion consistent with present
practice. The more active wastes, including wastes stabilized in bitumen, and about one
percent of the bales, will be transported in reusable shielded containers.

4.4 WASTE EMPLACEMENT

Waste emplacement operations at the IRUS facility will be conducted on a schedule
consistent with waste volumes and the availability of resources and staff. Waste
emplacements at the IRUS facility will be conducted using a gantry crane. The crane will
lift waste packages from the transport vehicle and emplace them into the IRUS cells.

Placement of the wastes is expected to be guided by the contact radiation field and by the
waste type. The higher activity waste packages will be placed near the bottom of the
IRUS cells to minimize radiation exposure to operations personnel. Cells will be loaded
with packages and backfill, layer by layer, to maintain stability. To avoid the possibility of
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a package being accidently dropped on the control room, the crane will be provided with
limit switches that will prevent the hoist from passing over the control room.

The operator will record the location of each waste package and its identity code on an
XYZ coordinate system. For each particular waste item, the information will be entered
into the IRUS inventory database.

4.5 BACKFILL PREPARATION, HANDLING AND EMPLACEMENT

Dry backfill material will be added to cover each layer of waste packages emplaced in the
cells. This process will fill the voids between the packages and provide a stable base for
the placement of the next package layers. The backfill layer will provide some shielding
and will serve as a fire retardant.

The backfill will be placed in a variable flow hopper and moved by crane to the cell where
it will be deposited in a controlled manner. With the material freeflowing in the dry state,
voids are expected to be filled. Extra material will be levelled in the cell using the crane
with remote tamping as necessary. Once the cell has been filled to the desired level with
waste, a final thick layer of backfill will be tamped into place.

4.6 DECONTAMINATION AND MAINTENANCE

During the transport and handling of waste packages there is the possibility of damage to
the packages and release of radioactive material. The Radiation Protection Branch (RPB)
at Chalk River Laboratories has experience in dealing with waste spillage, and the
subsequent cleanup and expertise and resources for decontamination lies within their
mandate. The Supervisor of the IRUS facility will have responsibility for notifying RPB of
the need for decontamination. Radiation Protection Branch personnel will be responsible
for assessing the hazard and taking the appropriate actions.

The IRUS facility has been designed to contribute to the ease of decontamination; for
example, should an event release contamination to the working area around the concrete
wall of the unit, the floor area is overlaid with gravel to facilitate removal of the
contaminated material. Fresh gravel can be installed when necessary, and the
contaminated material packaged and disposed of accordingly.

I NEXT PAQB(3)
i«fft BLANK



KR9700335

ANDRA

NETEC WORKSHOP ON
SHALLOW LAND DISPOSAL

TECHNOLOGY

OCTOBER 20-21 , 1997

TAEJON, KOREA

Lucien PILLETTE-COUSIN
Project Manager Scientific Survey
International Affairs Division of ANDRA

Agence nationals pour la gestion des dechets radioactifs
Pare de la Croix Blanche -1/7, rue Jean-Monnet - 92298 Chatenay-Malabry Cedex - Tel.: 01 46 11 80 00

I NEXT PAQE(S)
••ft BLANK



THE CENTRE DE L'AUBE DISPOSAL FACILITY



l. Introduction

The "Agence Nationale pour la Gestion des D^chets Radioactifs" (French Nuclear Waste
Management Agency), or ANDRA, was established in 1979 in the frame of the French Atomic
Energy Commission. A law which was passed at the end of 1991 by the French Parliament set up
ANDRA as an "Etablissement Public a Caractere Industriel et Commercial" (Independent State
owned Company). This law also confirmed the previous ANDRA missions and, notably,
detailed the approaches to be followed for the research of a suitable solution concerning long-
lived radioactive waste.

The Agency is in charge of waste management operations for radioactive waste, with specific
responsibilities including : Research and development programs concerning long-term long-lived
radioactive waste management, particularly by means of construction and operation of
underground laboratories designed to study deep geologic formations.

Managing long-term disposal facilities either directly or through a third party acting on its
behalf.

Designing, siting and constructing new disposal facilities, taking into consideration long-term
production and waste management plans.

Establishing specifications for radioactive waste conditioning and disposal that comply with
safety regulations.

Preparing an inventory of the condition and location of all radioactive waste in the country.
ANDRA's staff is 400 people strong, including the Chatenay-Malabry Headquarters, the surface
disposal facilities at the "Centre de la Manche" and the "Centre de 1'Aube", the Underground
Research Laboratory site selection teams, and the small producers department offices at the
nuclear sites Bollene near Pierrelatte and Saclay. The men and women of ANDRA are
organised into divisions and departments that represent major field s of the agency's expertise.
The agency also awards contracts to a number of companies, laboratories and research facilities.
The wide range of ANDRA's tasks requires personnel with diversified backgrounds, including
physicists, nuclear engineers, geologists, mining engineers, mechanical engineers, computer
engineers, radiochemists, management and administrative personnel.

In other words, the men and women who work for and with ANDRA exercise a variety of
precessions to analyse geologic history, assess safety scenarios, study interactions between
materials, develop analytical techniques, and design equipment and facilities.

With a research and testing budget of some 500 million French Francs per year, ANDRA plays a
major role in innovation to the benefit of the environment.

Communication and Public AffairsBeside the technical and organizational matters, ANDRA is
involved in the public relation and communication aspects of radioactive waste management.
ANDRA has the responsibility to publish information, to communicate with the massmedia and
the public about radwaste management and disposal activities.

A staff of experienced specialists is devoted to communication and public affairs. Each year,
more than 7,000 people visit the Centre de l'Aube and other facilities operated by ANDRA.
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ANDRA's expertise encompasses all aspects of communication (documentation, newsletters,
press releases and conferences, video and multimedia systems) towards various categories of the
public (general public, scientists, students...).

Quality Assurance

ANDRA, as the entity responsible for the long-term disposal and management of radioactive
waste in France, has the overall responsibility for the implementation and the effectiveness of a
comprehensive LILW management quality assurance program. The comprehensive quality
assurance program is made up of all the quality assurance activities connected with LILW
disposal, and is established and implemented by the combined efforts of all organisations
involved in any portion of the work. Each organisation involved in LILW management
establishes and executes a program for inspection of materials and services and the activities
affecting their quality. ANDRA, having the overall responsibility of the quality assurance
program, performs evaluations of waste generators and processors, inspects waste production and
processing activities at the generator/processor facilities, and performs external and internal
quality assurance audits. All these measures are undertaken to verify the implementation and
effectiveness of the quality assurance program

International Co-operation

ANDRA's qualifications in international co-operation cover the full spectrum of waste related
activities. A significant aspect of ANDRA's experience is demonstrated by the exceptional
breadth of co-operation agreements signed with foreign partners worldwide and by the fact that
the French concept of low- and intermediate level waste disposal has been retained by Spanish
Authorities and by a number of state "Compacts" in the USA.

As the leading worldwide developer of engineered barrier technologies, ANDRA has
successfully used this approach with the greatest flexibility to enable adaptability to a variety of
sites and site conditions, volumes and forecasts of waste to be disposed of. In so doing, ANDRA
ensures a high level of waste containment integrity for both the operation and closure periods.
United with ANDRA technological capabilities is our commitment to work co-operatively with
Government agencies and local communities to accommodate public concerns on facility design
and operation.

Long-Lived Waste Management

To comply with the law on radioactive waste management research dated December 30, 1991,
and subsequent orders, ANDRA has, among others, to participate in research and development
programs concerning long-term radioactive waste management, and to design, construct and
operate underground laboratories designed to study deep geological formation.

Since the beginning of 1994, ANDRA has successfully performed a geological investigation
campaign and chosen 3 sites suited to deep disposal requirements.

The chosen host rocks are soft marl, hard marl and granite. On the granite site, an up-to-date
measurement technology has been used to evaluate the hydrogeology of the formation. ANDRA
made the preliminary design of the 3 planned laboratories with its own resources.

ANDRA also established a list of different conceptual repositories and is currently making the
concept choices.
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Moreover, ANDRA has been conducting various experiments in diverse foreign test laboratories,
e.g. in the Canadian Underground Research Laboratory (URL), In the Swedish Aspfl HRL, in the
Grimsel Test Site (Switzerland) and at the Mole Facility (Belgium).

Waste Inventory

The Waste Act gave ANDRA a new mission : compilation of a radioactive waste inventory.The
inventory will never be completely exhaustive, because this would require investigation activities
that go beyond ANDRA's authority, which only the government can exercise. ANDRA's
assignment is to locate and assess the condition of all the waste known to exist on French
territory, including very low-level radioactive waste for which the Agency is not normally
responsible.

2. RADIOACTIVE WASTE MANAGEMENT POLICY AND REGULATORY
FRAMEWORK

2.1.Introduction

The French definition of radioactive waste is any radioactive material in solid, liquid or gaseous
form, which may or may not be combined with non radioactive materials, for which no later use
is contemplated and which is radioactive enough for a short term release into the environment to
be a transgression of safety requirements. This definition does not relate to liquid and gaseous
effluents, whose release into the environment is subjected to a release permit for each facility.
The most important parameters for each type of waste are :

- the type of radioelement contained in the waste (alpha, beta emitters);
- the half-life of the radioelements, which may be short- or long-lived ;
- the total radioactivity of the radioelements, expressed in becquerels or curies, or their specific
activity, expressed in bequerels or curies per liter or in Becquerels or curies per cubic meter ; and
>
- the physical nature of waste, e.g. metal, polymer, textile, or concrete.

#
Most of this waste, in terms of both volume and radioactivity, comes from power generation, the
nuclear fuel cycle and the research centres of the Atomic Energy Commission.
Industry, medicine and research also generate waste. In the years to come, nuclear facility

decommissioning will also generate waste in significant volumes.
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2.2 Waste classification

Radioactive waste is classified as follows.

Very low-level
Low-level

Intermediate-level
High-level

Short-lived
Under consideration
Near-surface disposal

Near-surface disposal
Waste Act of 12/30/1991

Long-lived
Under consideration
< 4000 Bq/g of waste
package
(*): Near-surface disposal
> 4000 Bq/g : Long-term
interim storage
Waste Act of 12/30/1991
Waste Act of 12/30/1991

(*) in accordance with I.A.E.A recommendations

2.3 Basic principles of Waste Management and Safety Objectives

The objective of radioactive waste management is to ensure that radionuclides contained in the
waste cannot reach the biosphere in concentrations and/or quantities that would expose members
of the public to radiation in excess of thresholds established by the national regulatory
authorities in accordance with international recommendations.

Furthermore, in accordance with the recommendations of the International Commission on
Radiological Protection (ICRP), the potential exposure to members of the public must be as low
as reasonably achievable (ALARA), taking all socio-economic factors into account.

Lastly, the creation of engineered structures or facilities for waste management must have limited
impact on the environment and protect natural resources that may be used by human beings. This
makes it important to ensure, in particular:

- during the operating period for the production, treatment, conditioning, storage and final
disposal facilities :

that normal safety and radiation protection standards are met; and
that the probability of impacts from an accident remain within acceptable bounds for
both operating personnel and members of the public ;

- after closure of the disposal facilities or, when allowed, after disposal in the natural medium :
that collective exposure to members of the public, insofar as it may be predicted, is as
low as reasonably achievable without compromising socio-economic optimization of
the project;
that potential individual exposures for the reference member of the public does not
exceed authorized limits in the future ;
that the consequences of accidental situations in the future cannot result in exposures
exceeding authorized limits;
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that the environmental impacts, and particularly the impacts of the mining of valuable
resources, will not create excessive constraints for future generations ; and
that the creation of these facilities will not create excessive very long-term obligations
for future generations, such as maintenance or monitoring.

In addition, every effort will be made so that those who benefited from the power generated will
bear most of the constraints associated with the disposal of the resulting waste (research and
selection of technical approaches, implementation of solutions and construction) so as to keep
the constraints imposed on future generations to reasonable levels.

With respect to low- and intermediate-level, short-lived waste, most of radioactivity will have
disappeared in 300 years, the disposal method chosen consists of isolating the waste in near-
surface sites using engineered barriers until their radioactivity has decayed to acceptable levels.
Human intrusion is prevented by maintaining institutional control over the site. By monitoring
this site for approximately 300 years, ("institutional control period"). The quality of radionuclide
containment can be monitored and any maintenance necessary can be identified.

Surface and ground water is prevented from entering the disposal:

1) by engineered barriers,
2) by siting the disposal structures at a sufficient elevation above the water table.

The concentrations of short-lived and long-lived radioelements in the waste which may be
accepted for disposal is severely limited to ensure the safety of the site under all circumstances.

Technical Approach :

To achieve the objectives outlined above, processes specific to the nature of the waste must be
used at each stage in the waste management cycle :

- generation and sorting of waste,
- characterization and conditioning,

transportation,
- interim storage, if applicable, and
- final disposal.

It is useful to differentiate between two major phases in waste management:

- the upstream or front end phase begins during waste generation and ends when the
conditioned waste is in a form that complies with technical specifications for shipment,
storage and final disposal;

- the downstream or back end phase consists of shipping and disposal operations.
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2.4 Technical and Safety Rules

The technical requirements applicable to radioactive waste disposal sites are primarily as
follows :

- Executive Order of August 10, 1984 specifying general rules for quality assurance and
quality assurance programs to be followed by operators of licensed nuclear facilities ;

- Fundamental Safety Rules, particularly Fundamental Safety Rule 1.2 and Fundamental
Safety Rule 3.2.e. Fundamental Safety Rules are recommendations which define safety
objectives and describe practices deemed to be capable of meeting them. The rules are
not regulations per se. An operator may depart from the terms of a Fundamental Safety
Rule if he can prove that the Rule's objectives can be met with alternative means.

. The rules applicable to the disposal of low- and intermediate-level waste (LILW) are :

- Fundamental Safety Rule 1.2, "Safety Objectives and Design Bases for Long-term Near-
surface Disposal of Solid Radioactive Waste with Short or Medium Half-lives and Low-
or Intermediate-level Specific Activity" ;

- Fundamental Safety Rule m.2.e, "Acceptance Conditions for Near-surface Disposal of
Packages of Solid Radioactive Waste".

2.4.1. Fundamental Safety Rule 1.2

The purpose of Fundamental Safety Rule 1.2 is to define safety objectives and design bases for
near-surface facilities to be used for the disposal of packages of radioactive waste with short or
medium half-lives and low- or intermediate-level specific activity.

a)Erreur! Signet non defini. Performance Objectives for a Near-surface Disposal Facility

The first performance objective for the disposal facility is short-term and long-term protection
of members of the public and the environment.

Short-term protection corresponds to the operating period of the site. During that time,
measures must be taken to comply with applicable regulations, with the limits established by
such regulations to be considered as maximum limits below which the lowest possible level
should be maintained. The objective set for the CSA is an annual dose to operating personnel
of less than 5 mSv, although the regulations allow a maximum dose of 100 mSv over a period
of five years, with a maximum allowable dose per year of 50 mSv. The objective for the
annual dose to members of the public is 0.25 mSv.

Long-term protection corresponds to the institutional control and unrestricted access periods of
the site. The purpose of the institutional control period, which follows the operating period, is
1) to monitor for any failure that may occur in the containment systems and to prevent the
spread of any radioelement that could have a harmful effect on members of the public and/or
the environment, and 2) to guard the facility against intrusion. At the end of the institutional
control period, which is limited to no more than 300 years, radioactive decay processes should
result in radioactive levels that are so low as to no longer represent any significant hazard to
members of the public and the environment, thus allowing the land to revert to normal usage.
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The second performance objective limits the institutional control period to no more than 300
years.

b) Safety-related Design Bases

Near-surface disposal facilities for low and intermediate-level waste (LILW) have three
distinct radioactive containment systems.

The first containment system consists of the physico-chemical form of the waste ; the container
in which the waste is placed may also contribute to this first containment system.

The second containment system consists of the engineered structures in which the waste is
disposed of and any auxiliary barriers, including cover materials placed over the structures
during or after operations.

The third containment system consists of the natural materials of the site (soil or rock) in
which the engineered structures are built to receive waste.

The disposal facility design must be inherently safe, relying on the first two containment
systems to prevent radioelement migration to the environment under all foreseeable conditions
during the operating and institutional control periods and for at least 300 years. The operator
must provide supporting arguments for its selection of "foreseeable conditions".

2.4.2 Fundamental Safety Rule III.2.e

The purpose of Fundamental Safety Rule m.2.e is to specify acceptance conditions deemed
necessary by the DSIN for solid radioactive waste packages requiring near-surface disposal.
In particular, Andra must:

- "define radioactive waste conditioning and disposal specifications that comply with safety
requirements", per Article 13 of the December 30, 1991 Waste Act;

- define the related testing requirements ; and
- determine the acceptability of each waste type in accordance with Fundamental Safety Rule

1.2.

The Rule covers the following main points :
- only solid or solidified waste is acceptable for disposal and must be packaged ;
- the waste producer must ensure that waste packages do not contain harmful substances

other than those that are radioactive in origin or substances which facilitate radionuclide
migration ;

- the contents of the waste acceptance file ;
- desirable waste package characteristics, particularly radionuclide containment, resistance to

thermal cycling and to beta/gamma radiation, and mechanical stability ; and
- quality assurance and quality control to ensure that waste packages comply with their

corresponding specifications.
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2.4.3. Executive Order on Quality

The Executive Order on Quality dated August 10, 1984 requires "the operator of a licensed
nuclear facility" to ensure that a level of quality commensurate with the safety-related
importance of their operations is defined, achieved and maintained for the following :

- engineered structures, installations and equipment;
- the systems that link them together ; and
- facility operating conditions.

The safety-related elements identified by safety analysis for the CSA were the waste package,
the disposal cap, distribution of activity in the disposal system, incident detection and alarm
systems, and monitoring of radiological impacts on operating personnel and on the site.

The requisite level of quality to be achieved by the waste package to fulfill these safety-related
functions, or "defined quality" in the language of the executive order, is expressed by :

- containment capability ;
- long-term integrity ;
- radioactive contents ; and
- shielding efficacy.

For each safety-related activity, quality-related activities must be identified (e.g. acceptance,
fabrication, shipment, etc.) and the corresponding requirements must be defined for each one.

3. CHARACTERISTICS OF LOW AND INTERMEDIATE LEVEL
RADIOACTIVE WASTE

3.1 Waste Generator

Waste is generated by the operation, maintenance and decommissioning of:

- facilities used in the nuclear industry : nuclear power plants (57 units), reprocessing plants (2
facilities) and other plants of the fuel cycle (uranium enrichment and conversion plants, fuel
fabrication plants,..);

- research centers of the Atomic Energy Commission for civilian and defense applications of
nuclear energy and in radioelement production;

- various industrial and medical facilities which use radioelements : so-called small generators.

3.2 Categories of Waste

Waste consists of a wide variety of materials and objects which may be either solid or
solidifiable (i.e., capable of permanent solidification, such as chemical coprecipitation sludges).
Waste is usually classified into one of two categories, depending on the applicable type of
solidification : homogeneous waste or heterogeneous waste.
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Homogeneous Waste

Waste is homogeneous or easily made homogeneous. Examples of homogeneous waste are :
- chemical coprecipitation sludges ;
- evaporator concentrates;
- incinerator ashes

Heterogeneous Waste

Heterogeneous waste consists of miscellaneous solid waste that is mainly and/or contaminated by
radioactive materials. Examples of heterogeneous waste are :
- metal components and objects ;
- plastic components and objects ;
- pieces of glass ;
- pieces of graphite ;
- demolition rubble;
- filtration systems ; and
- compacted drums.

Spent radioactive sources

Before Andra may accept sources for disposal, a special feasibility study must be performed in
their regard, whether they are sealed or unsealed, they contain short-lived or long-lived nuclides
fully decayed or simply no longer in use.

3.3 Unacceptable Waste

Waste is not allowed to contain materials or products that might affect waste package integrity or
disposal safety.

Waste that is unacceptable for disposal consists of:

- free-standing liquids ;
- products that may react chemically with the stabilization or immobilization material;
- liquids that are corrosive to certain waste packages components or to materials used

around the waste packages or in the engineered structures (which consist primarily of a
hydraulic binder);

- organic liquids, even if they are retained in absorbents (e.g. solvents, diluents, oils,
paint, etc.);

- toxic chemical products (chemical poisons);
toxic biological substances ;

- products that may react to a wet environment (sodium and sodium alloys);
- products that are explosive or may have a sudden exothermic reaction ; and
- putrescibles.

In addition, the waste may not contain substances that are conducive to radionuclide leaching
and migration (complexing agents)
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4. CHARACTERISTICS OF WASTE PACKAGE

The principal categories of waste packages received at the CSA are as follows : :

- steel drums of solid waste requiring compaction and immobilization in a hydraulic binder at
the CSA before disposal;
steel boxes containing solid waste to be immobilized by injecting a hydraulic binder before
disposal;

- stabilized or immobilized drums for disposal;
- stabilized steel boxes for disposal;
- immobilized fiber-reinforced concrete boxes for disposal; and
- stabilized or immobilized cylindrical concrete and fiber-reinforced concrete containers for

disposal.

On the safety point of view, ANDRA considers :

short-term containers;
- long-term containers ; and
- long-term containers providing radioactive containment.

Short-term Containers

The most commonly used short-term containers are 200- or 400-liter steel drums and 5 or 10 m^
steel boxes. Characteristically, a short-term container has a service life of much less than the
300-year institutional control period for the disposal facility. There is no guarantee that this type
of container will keep the ability to isolate its contents from direct contact with potential seepage
water or that it will maintain its original mechanical characteristics over the medium to long
term.

Long-term Containers

Long-term containers are containers which are designed and fabricated to withstand factors
contributing to waste package failure within a reasonable degree of probability until the end of
the institutional control period. "Long-term integrity" of the containers is necessary for two
reasons :
to minimize the impact of leaching by protecting the immobilized waste from direct contact with
seepage water for as long as possible.

Long-term Containers Providing Radioactive Containment

Long-term containers that provide radioactive containment arose with the development of
envelops which have, by themselves, all of the characteristics needed to make the waste
package inherently safe. In addition to the properties of a long-term container, their use could
eliminate the need for immobilization of the radioactive material.

First function : mechanical stability of the waste packages under load occurring during
disposal.

Second function : the waste is protected from direct leaching by seepage water for a long
period of time.
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Examples of packages managed by Andra

PACKAGING

Steel drum

Steel drum

Steel drum

Steel drum

Steel drum

Pregrouted steel drum

Pregrouted steel drum

Steel box

(Pregrouted or not)

Concrete container

Iron-cast fibers reinforced concrete container

Iron-cast fibers reinforced concrete box

VOLUME

100 L

200 L

225 L

400 L

870 L

200 L

225 L

5 m3

10 m3"

1.2or2m3

665 lor 1.3 m3

5 m3

TYPE

Short-term

Long-term

Long-term with

radioactive containment

5. WASTE ACCEPTANCE CRITERIA

ANDRA drafted technical specifications for waste acceptance :

- the first waste acceptance criterion is to physically immobilize the waste ;
- the second waste acceptance criterion is to prevent or retard radionuclide migration during

the institutional control period ; and
the third waste acceptance criterion is to limit the specific activity of the radionuclides
present in the waste.

5.1. Maximum Specific Activity Limits

The third waste acceptance criterion is a maximum specific activity limit for the waste package
for short-term (0.5 to 6 year half life), medium-term (6 to 30 year half life) and long-term
(greater than 31 year half life) radionuclides.

Waste whose specific activity exceeds these limits is not accepted at the near-surface disposal
site unless it has special authorization granted with the approval of the regulatory authorities.

The maximum activity limits were established by Andra based on extensive radionuclide
transport analyses for all phases in the life of the disposal site : operations, institutional control,
and unrestricted access. The analyses served to prove that radiological impacts are acceptable
under both normal and accident scenarios (see Chapter 10).
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The maximum acceptance limits apply to all waste packages to be disposed of at a near-surface
site.

Examples of maximum activity limits are shown below.

Radionuclide

Co-60

Cs-137

Sr-90

1-129

Tc-99

Sm-151

Ni63

Nb-94

C-14

Maximum Activity Limit

(as Gbq/t of waste package)

5 104

330

91

0.046

1

1600

1.2 104

0.12

200

5.2 Criteria Relating to Operation and Disposal

Some other criteria relate to operations of the disposal facility.
Operating considerations taken into account relate to :

- compliance with requirements for safety and radiation protection, both for operating
personnel and for the surrounding environment;

facilitation of shipping, handling, storage and disposal operations ; and
- optimization of disposal module usage.

These criteria are :

Waste package weight
Drop test
Fire test
Tritium degassing rate
Surface contamination and dose rate

Characteristics forming the basis of criteria for disposal are dictated by the goal of producing
waste packages that :

- are compatible with disposal structure stability ;

Workshop NETEC - Taejon - South Korea
October 1997

-127 -



have the necessary radioactive containment properties in terms of the potential for leaching
by water; and

resist corrosion, thus indicating the ability to withstand certain aging factors.

6. WASTE ACCEPTANCE PROCESS AND RELATED ACTIVITIES

6.1 The Waste Acceptance Process

Fundamental Safety Rule 1.2 requires Andra to determine the acceptability of waste packages for
disposal at a near-surface site. These packages must be fabricated using Andra-approved
processes "for waste sampling and analysis, processing and packaging." To gain acceptance,
waste packages must comply with applicable Andra specifications. The waste packages must be
formally accepted before they are allowed in the disposal facility. The generator must submit a
request for waste package acceptance to Andra accompanied by a Waste Acceptance File
containing the following documentation :

- Description of Waste Package Fabrication Process which summarizes the type of waste, its
radioactivity, the conditioning process and quality assurance/control measures set up for
the process;

- Description of Activity Measurement Method, which provides information on the methods
used to determine the activity present in the waste packages and on the certification of these
methods;

- Characterization File, which shows that the waste packages produced with a given process
meet the requirements of the corresponding technical specifications ; and
Quality Assurance Plan, which identifies specific quality assurance measures taken.

The Waste Acceptance File is usually created in several phases, particularly during the selection
of the fabrication process and of the activity measurement method, during the construction of the
corresponding facilities, and during characterization testing. The generator consults with Andra
at various stages of Waste Acceptance File development to ensure that the anticipated waste
package can, in fact, meet the technical specifications.

6.2 Waste Package Tracking

Technical requirements for disposal site operations require the following ;

- the waste generator must report "the type of waste, its mass fraction of radionuclides and the
conformity of the waste package to the accepted waste form" by "duly filling out an
information form conforming to the form required by the facility operator".

- the disposal facility operator must:
. ensure that the information form correctly describes the waste and, in particular, enables

verification of the compliance of waste characteristics and solidification/packaging with
the prescriptions and with special conditions established by the operator during the
acceptance process for the waste packages in question;
and

. account for and track the cumulative activity of each radionuclide contained in the waste
disposed of in the facility.
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Meeting the safety objectives is based on the principle of traceability, which consists of
identifying and tracking each waste package from the moment it is fabricated to its final disposal
at the Andra site. Each radioactive waste package has a unique identification code. Andra and
the waste generators developed a computerized tracking system which assigns a "passport" to
each waste package that serves to track the package through disposal. This passport consists of:

- a unique identification number; and
- an identification form.

Once waste packages have been accepted pursuant to the waste acceptance process, the
computer compares the characteristics of waste packages to be shipped with Andra's accepted
waste types.

Descriptive information on the packages is reported to Andra on paper or, more frequently, via
computer modem transfer.

6.3 Quality assurance program for waste packages

By Executive Order dated August 10, 1984, a special quality assurance regulation applicable to
licensed nuclear facilities, the government defined quality requirements applicable to disposal
sites and to any component important to site safety, particularly the first safety-related
component, the waste package. Based on this document, Andra defined a quality assurance
program for waste management that specifies the level of quality to be achieved by solidification
and packaging processes, defines quality control requirements, and defines waste tracking
requirements, from waste generation through final disposal.

Verification of quality occurs in three stages :
inspections;

- audits of the quality assurance organization ; and
- non-destructive and destructive examinations of waste packages.

7. DESIGN OF THE DISPOSAL SYSTEM

7.1 Functions and components of the Disposal System

Fundamental Safety Rule 1.2 recommends the creation or implementation of a radioactive
containment system with three barriers : the waste package, the disposal system and the host
medium. The disposal system is thus the second component of the multi barrier isolation
system.

The barriers serve several purposes :

- disposal and stabilization of waste packages ;
- waste isolation from both meteoric and ground water ; and
- collection, monitoring and possible release of water that may have seeped into the disposal

vault.

Workshop NETEC - Taejon - South Korea
October 1997 - 129 ~



The barriers must fulfill their functions throughout the operating and institutional control
periods.

Given the functions required of the waste isolation system, the disposal system may be
described as having three main components : the disposal vault, the disposal cap, and the
separative water collection system (SWCS).

The disposal vault provides the following functions :

- waste package disposal,
- waste isolation from water,
- seepage water collection, and
- disposal system integrity for 300 years.

The disposal cap protects the disposal system from rainwater. The cap's configuration evolves
over the various periods in the life of the disposal facility, consisting of:

- a temporary cover during vault loading operations,
- a temporary cap after completion of vault loading operations, and
- a final cap during the institutional control period.

The SWCS collects any water that may have seeped into the disposal system and routes it to
basins where it can be sampled and analyzed for activity. This collection system runs through
the underground galleries and empties into the water collection terminal consisting of two 250
vc? basins which are partially buried.

7.2 General Design of Disposal Vaults

Various types of vaults may be built during the operating period, depending on the type of
waste packages that they are to receive. However, all vaults share certain features :

- a watertight reinforced concrete pad built above the highest level of the water table whose
exact dimensions are determined through characterization of water table levels;

- a foundation that rests on sand overlying a clay layer, which serve to direct water in the
upper part of the water table toward well-identified outlets ; and

- a collection system for any seepage water.

There are two major categories of disposal vaults :

- waste packages with long-lived envelopes are disposed of in vaults that are backfilled with
gravel, or "backfilled vaults" ;

- waste packages with short-lived envelopes are disposed of in vaults that are grouted with
concrete, or "grouted vaults".
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7.3 Disposal Vault

Temporary Cover during Operations

During loading operations, the disposal vault is covered by moveable buildings fitted with
waste package handling equipment (figure 1).

The moveable building rests on four feet at the base of the gantries . The bogie on each foot
can be retracted during loading operations so that the building can be secured and extended to
move the building.

Temporary Cap after Loading Operations

The disposal vault is closed with a closure slab once it has been loaded with waste packages
and stabilized with grout or gravel. The slab is covered with a tarpaulin at first. When
weather conditions allow, the slab and the outside of the walls are coated with an impermeable
material and left like that until the final disposal cap is placed over them.
Long-term integrity was not a factor insofar as the temporary cap may be inspected and
repaired.

Final Disposal Cap

The final disposal cap will probably be built in sections as disposal areas are completely filled
with disposal vaults. The design of the cap will benefit from actual experience with the final
disposal cap at the Centre de la Manche and from feedback from the test cap at the CSA. The
final disposal cap must protect the disposal units throughout the institutional control period of
no more than 300 years.

In principle, a layer of clay will be used to ensure cap permeability, although it is not
impossible that a bituminous liner like the one at the CSM will be used. This layer will be
covered by another layer of sand, with drains along the lowest point, and by a layer of schist
to protect against burrowing animals.

The exact definition of each component of the final disposal cap will be finalized after data
from the CSM or from the CSA test cap have been analyzed.

7.4 Separative Water Collection System

The separative water collection system (SWCS) collects water that may have seeped into the
disposal vaults and come into contact with the radioactive waste packages.

This water is collected and routed by gravity to a collection basin through piping in the
galleries beneath the disposal vaults, which come together in two main galleries on either side
the central service road. The principal galleries empty into a collection basin in a building
called the Water Collection Terminal.

All SWCS galleries can be accessed by operating personnel.
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The below-vault galleries are horizontal and separated from the pad by a resilient layer.

The water collection terminal consists of the following :
- two 250 nP reinforced concrete collection basins connected to the SWCS ;
- one 25 m^ reinforced concrete collection basin for seepage water in the gallery (from the

water table) which empties into the rainwater collection system.

7.5 Rainwater collection system

The rainwater collection system includes the rainwater collection system per se and the storm
basin.
The design bases for the rainwater collection system were as follows :
- use of a collection system that works by gravity and is separate from the SWCS ;
- collection of rainwater from finished areas in a below-grade system and from unfinished

areas in a surface system ;
- storage of the rainwater in a storm basin ; and
- collection system sized for the ten-year high water level.

The 30,000 m^ storm basin primarily collects rainwater, although it also collects site
wastewater after it has been biologically treated at the purification plant.

7.6 Design of Waste Package Handling Systems

Handling systems for the disposal vaults are integrated into the waste package tracking system,
which follows the packages through final disposal. The handling systems are automated to :

- achieve operating throughputs matched to waste package deliveries ;
- reduce the integrated dose to operating personnel, with a design goal of limiting the

maximum integrated dose to operators to no more than the exposure limit for members
of the public during the construction period, i.e., 0,005 Sv/yr ; and

- record and monitor waste package handling operations.

"Standard waste packages" are handled with bridge cranes (see figure 2) in the moveable
buildings, which perform several functions :

- waste package off loading from the truck parked beneath the moveable building ;
- rotation of cylindrical waste packages in front of the bar code scanner ;
- placement of waste packages in their assigned locations in the disposal vault;
- backfilling of the disposal vault with gravel buckets (on some cranes) ; and
- removal and replacement of transcontainer lids when waste packages are brought to the

disposal vault in transcontainers.

The only area where operating personnel are commonly present, aside from the bridge crane
operator, is the waste package unloading area in the vault next to the one being loaded.
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The waste package cannot be placed in the disposal vault, either automatically (30 and 100 kN
cranes) or manually (350 kN cranes), until the PLC has received authorization from the site's
information processing system. Waste package placement coordinates are then transferred to
the information processing system.

7.7 Emergency preparadness

Introduction

It is possible that an incident could occur at the Centre de l'Aube that could jeopardize nuclear
safety, individuals or property, either directly or indirectly, and could have an impact on public
opinion. An Emergency Management Plan was therefore established for the site to respond to
incidental situations of all kinds and to maintain the facilities in safe condition; this document is
a compilation of measures to be taken in the event of an incident or an accident at the site. These
measures supplement general safety procedures and instructions ; all personnel must be made
aware of them.

Definition of Emergencies

Three incidents were identified and taken into account in the Emergency Management Plan.
These incidents do not correspond to a level of seriousness, but rather to an estimate of the extent
of their consequences.

1) A non radioactive incident such as:
a serious work-related accident;
fire, explosion;
flooding; or
intrusion.

2) A radioactive incident restricted to the site, such as:
7 - the spread of radioactivity ;

personnel exposure; or
an accident affecting a process.

3) A radioactive incident which spreads offsite via air or water.

8. ORGANIZATION OF WASTE TRANSPORTATION

Approximately 40,000 waste packages are shipped to the Centre de l'Aube site each year. This
corresponds to approximately 500 rail vehicles, or 1,200 offloadings onto 600 trucks at the
Brienne rail terminal for transport to the CSA.

Waste generators are responsible for managing shipments of radioactive waste to the Centre de
l'Aube. However, some generators have delegated part of this responsibility to Andra.

In 1995, each waste generator was responsible for waste package compliance with regulations.
Some generators have chosen to delegate the responsability for waste shipment to ANDRA
Radioactive waste is shipped to the Centre de l'Aube either by rail or by road. The regulations
applicable to such shipments in France are:
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- for shipment by road: Regulations for the Shipment of Hazardous Materials by Road
(RTMDR), Appendix A of the December 12, 1994 Order, published in the Journal Officiel
de la Republique Frangaise on December 27,1994;

- for shipment by rail: Regulations for the Shipment of Hazardous Materials (Rail
Requirements), Appendix to the June 3, 1994 Order, published in the Journal Offtciel de la
Republique Frangaise on June 14, 1994.

Both sets of regulations are issued by the authority in charge of monitoring transportation, i.e.,
the Ministry of Public Works, Transportation and Tourism (the name for this Ministry as of the
publication of the above mentioned regulations).

It should be noted that, in France as in any other IAEA member states, transportation regulations
for radioactive materials are based directly on IAEA Safety Series No. 6, "Regulations for the
Safe Transport of Radioactive Material", 1990 edition.

9. OPERATIONAL FEATURES

9.1 Waste Receiving

Only waste that has previously undergone the acceptance process and which is already
conditioned or will be conditioned at the disposal site's conditioning facilities are accepted at the
Centre de l'Aube.

During fabrication of an approved waste package, the generator sends the package's physical and
radiological characteristics to Andra for verification of compliance and approval. These tasks are
performed by the main computer at Andra's headquarters. After approval is granted, the
generator creates batches of waste packages in which each package is identified with its own
number. When there are enough approved waste packages in the batch for a shipment, the
generator prepares the shipment, once again reporting to Andra by computer that it has a batch of
approved waste packages which will be shipped together.

Once it arrives, a number of checks are performed to ensure that the waste packages in the
shipment are acceptable for disposal and to route the packages as appropriate through all stages,
including final disposal.
Verification consists of visual inspection of the shipment to ensure that the waste packages have
not deteriorated during shipment and that they have been correctly identified, and match the
shipment manifest.

9.2 Computer Tracking of the Waste Packages at the Site

The CSA computerized tracking system can locate a waste package at the site at any time, from
the moment it is unloaded to its final disposal location. Data from the main computer at
headquarters and data read by scanners and programmable controllers in the disposal facilities
are entered into the system database.

It is therefore possible to identify the location of a waste package at various stages of its handling
in the compaction facility: in the unloading bay and conveyors, the storage magazine, the
pnmnnctinn r.p-W tVip rnnrittinninp hav nr thp Hrvino havcompaction cell, the conditioning bay or the drying bay.
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9.3 Routing of Waste Packages to the Different Disposal Vaults

The Centre de l'Aube lias six movable steel buildings which shelter disposal units and are used
to perform disposal operations. Each building has a rolling crane ; two of the cranes have a 3 t
capacity, two have a 101 capacity, and two have a 351 capacity .

Given the wide variety of waste packages, in terms of type and/or dimensions, a specific movable
building had to be assigned to each type of waste package. It is useful to recall that waste
packages are divided into two categories: waste with long-term envelopes (i.e., concrete), and
waste with short-term envelopes (i.e., steel). These two types of containers are not stabilized in
the same way inside the disposal unit. The disposal units for long-term waste packages are filled
with gravel ("backfilled unit"), whereas units for short-term waste pacakges are filled with grout
("grouted unit").

9.4 Disposal Procedures

Disposal vaults in which waste packages in short-term containers are disposed of are filled
layer by layer, each layer being completely finished before the following layer is begun (see
figures 3 and 4). Vaults in which waste packages in long-term containers are disposed of are also
filled a layer at a time, but the layers are done by type of waste package, i.e., when the layer of
waste package type 1 is finished, the following layer for waste package type 2 is begun, even if
the second layer is not complete (see figures 5 and 6).

The disposal cycle is as follows:

- the waste package is manually picked up from the vehicle,
- the package is passed in front of the laser scanner,
- the package is directed to its disposal location,
- the disposal location coordinates for the package are entered into the database management

system, and
- the crane returns to its original position.

9.5 Disposal Vault Closure

A reinforced slab is built to close the vaults (see figure 7). The laying of rebar and pouring of
concrete are done under cover of the movable building. Before the building is moved to the next
vault, a cover is set up above the closure slab to protect it from rainwater until it is covered with
the temporary cap. This temporary cap consists of a weatherproof covering sprayed over the
closure slab and walls of the vault.

10. SAFETY ASSESSMENT OF THE CENTRE DE L'AUBE

10.1 Introduction

The demonstration of the safety of a near surface disposal facility is based on assessment of the
radiological impacts of the disposal site on members of the public and on the environment.

Workshop NETEC - Taejon - South Korea
October 1997 ~ 135 -



It is therefore necessary to demonstrate that the radiological impacts corresponding to a given
quantity of disposed radionuclides, expressed in individual exposures, are acceptable for
members of the public under all plausible scenarios, and that the chemical impacts of the
disposal facility are within current health regulations.

For that purpose, ANDRA developed a multiple barrier system for radioactive containment with
the ability to limit and retard radionuclide migration, until such time as the radionuclides have
decayed to levels which are not significantly hazardous to members of the public or to the
environment, as well as to limit potential releases to levels that are as low as reasonably
achievable and in any event below regulatory limits.

10.2 Purpose and Methodology of Safety Assessment

The Centre de l'Aube was designed in accordance with the recommendations set forth in
Fundamental Safety Rule 1.2 issued by the nuclear regulatory authority (DSIN). This rule
defines the performance objectives and design bases applicable to a near-surface disposal facility,
and in particular establishes the points listed below.

- There are three periods in the life of a near-surface disposal facility :

the operating period spans the construction of the engineered structures designed to receive
the waste, placement of the waste inside the structures and placement of the final disposal
cap;

the institutional control period follows the operating period and encompasses the period of
time necessary for radioactive decay of the short and medium lived radionuclides disposed
of at the site, during which time the site is monitored to detect any failure in the containment
system, to prevent the spread of radionuclides detrimental to public health and to the
environment, and to protect the facility from intrusion; and

the unrestricted site access period follows the institutional control period and corresponds
to the point in time when the site's radioactivity has decayed to a low enough level for the
site to be released for unrestricted use without undue risk to public health or to the
environment.

- For such near-surface disposal facilities, three containment systems (or barriers) are used :

the first containment system consists of the physical and chemical form of the waste itself,
which is usually immobilized or stabilized ; the waste package may contribute to
containment by retarding the migration of radionuclides ;

the second containment system consists of the engineered structures designed to receive the
waste and their related systems, such as the water collection systems and the materials used
to cover disposal vaults in operation;

the third containment system consists of the natural materials at the site itself (i.e., host
rock or site) on which the engineered structures designed to receive the waste have been
constructed.
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Near-surface disposal facilities such as the CSA are designed to protect operating personnel,
members of the public and the environment from the release of radioactive substances now and
in the future. The various modes of radioactivity transfer to man are : transport by water, which
leads to contamination by ingestion ; transport by air, which leads to dust inhalation resulting in
internal exposure ; and external exposure to radiation. Consequently, the safety assessment must
take these three transfer modes into account to ascertain that they will not result in unacceptable
radiological consequences.

For the operating and institutional control periods, all scenarios of radiation or activity releases to
the environment are therefore based on the loss of integrity of all or a portion of one of the first
two containment barriers (fall of a waste package, fire resulting in airborne radioactive materials,
loss of integrity of the disposal cap, failure of the Separative Water Collection System [SWCS],
etc.). Even though loss of containment can occur during the three period, the third period is the
most important. In this period, the safety for future must be based on measurements taken
beforehand, i.e. during the operating period and before the construction. The site's natural
material and restriction on the initial activity disposed of are the main exemples of safety
measurements used to ensure that radiological impact remains acceptable.

ANDRA's methodology of the safety assessment is based on a deterministic approach. It consists
of calculating individual exposures resulting from a given set of operating conditions.

The first stage of safety assessment therefore is to define basics scenarios for radioactive
transfers resulting from total or partial loss of one of the three containment systems to a member
of the public. This must be applicable for each period.
In the French approach, the scenario's consequences are what is considered most important. For
example, what happens to the waste package if a fire occurs is studied in details ; how the fire
occurred and why are considered of secondary importance.

For all periods, the first scenario is the normal water transfer of radioactivity through the soil.
During the unrestricted access period, the normal scenario takes into account a site homogeneous
with the wastes.

Other scenarios depend on the time period under consideration :

during the operating period, they could involve :
. fire or fall during the handling of waste package. This can result in personnel exposure

to radiation or inhalation of radioactive waste by the personnel or the public;

during the institutional control period, they could involve only water tranfert scenario:

1- a loss of integrity of the Separate Water Collection System (SWCS) and radionuclide
transfer to aquifer;

2- a deterioration of the disposal vaults and its concrete filling happening along with the first
case

3- a loss of integrity of a portion of the disposal cap ;
4- a radioactive release from the package (it is assumed that the disposal system no longer

provides a containment barrier);
5- the normal situation but with a well having been dug near the site ;
6- the fourth case with a well having been dug near the site ;
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- during the unrestricted access period, two types of situations are to be considered :
. a situation leading to increased ingestion of contaminated water, i.e., the digging of a well

above the site;
. a situation in which radioactive dust is stirred up and inhaled or which leads to radiation

exposure, such as road or housing construction.

Radionuclides tranfers to individuals must be analyzed to assess the radiological impacts of a
disposal facility quantitatively for each scenario studied.

Three transfer mechanisms are distinguished for this purpose :

the water pathway,
the air pathway, and
external exposure.

103 Water pathways Analysis

Pursuant to the design criteria for the disposal site, waste packages are protected from water
throughout all periods in the life of the disposal facility :

by constructing the disposal facility away from flood plains;
by selecting a site that is above the highest level likely to be reached by the water table >
by providing weather protection for the disposal vaults in the form of moveable buildings

during loading and by weatherproofing filled vaults with a waterproof coating; and
by placing a multiple-layer disposal cap over the entire site to isolate the waste from

meteoric water during the institutional control period.

During the operating period and the institutional control period, the disposal cap is designed so
that only a few liters of water per square meter seeps in per year. This water mainly seeps out of
disposal vaults. Radionuclides diffused through vaults are carried in the soil. A small proportion
of water may leach the waste, but it is collected by the water collection system in normal
operating conditions.

However, the scenarios described above, such as loss of integrity of the water collection system,
possibly in combination with a cap failure, require that the water pathway for radioactive waste
transport through the disposal site, soil and biosphere to members of the public be examined.

A realistic and consistent approach, in line with the design of the Centre de l'Aube, consists of
taking the containment role of the waste packages, the disposal vaults, and particularly of the
pads, into account. Andra models this approach by characterizing a function for the activity
released per vault based on the overall physical and chemical characteristics of the waste
packages and of the vaults.

Radionuclide migration in the soil first occurs in the unsaturated formations of the sub-surface,
between the bottom of the disposal facility and the water table ; it then spreads to the outlet
through the saturated sandy clay formations of the subsurface.

The study of radionuclide migration in the soil relies on the following simplifying assumptions :

the radioactivity beneath the disposal site immediately ends up in the saturated zone of the
subsurface, meaning that the retention capacity of the soil in the upper unsaturated formation
is not taken into consideration ; and
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radionuclide migration occurs in a porous, homogeneous and isotropic medium. Adsorption
properties of the medium are characterized by distribution ratios (kd) between the volume
concentration in water and the specific mass concentration in the natural materials ; this
ratio is assumed to be unique for any given radionuclide.

The soil's retention properties are a factor, first during radionuclide transport via the water table
(geochemical properties), and then when this water is transported to the outlet (hydrogeological
properties).

The hydrogeology of the site is sufficiently uncomplicated to be able to affirm, with confidence,
that seepage water will exit in nearby and well identified outlets, a short distance away from the
site. The Noues d'Amance stream is the only outlet at the Aube site.

A water flow two-dimensional model is used for the safety assessment. This two-dimensional
hydrodynamic model for underground water enable characterization of the piezometric
fluctuations of the aquifer and modeling of the transport process. It is used to determine the
distribution of concentration for a given radionuclide from a specific area of the disposal site,
thereby facilitating assessment of underground water activity over time, particularly at the aquifer
outlets (river, wells).

To calculate the maximum dose resulting from the dissemination of radionuclides into the
environment via water, every critical pathway for radioactive transport to the biosphere, from the
site outlet to the individual, must be identified.

Model for diposal vaults release

This model calculate the radionuclides release, taking into account the water seepage through the
cap, the environment geometry and the physical properties of waste packages and diposal vaults
and pads with the permeability, porosity, retention coefficients of grout.
In this way, the evolution in the time of the activity released beneath each disposal vault is
known.
Short-term containers are disposed of in grouted vaults which is considered as a part of the
package and long-term containers are disposed of in backfilled vaults. Thus every container is
protected from water leaching by a grouted layer (either from the long-term container or from the
grouted vault). In each case, this layer has good permeability properties.

The grout aging and the containment damaging are taken into account by the materials
permeability increase.

Modeling of Radionuclide Transport in the Soil

The method used to model radionuclide transport in soil consists of characterizing water flow
through soil with a velocity field, and then analyzing radionuclide migration in the soil by taking
the retention and dispersion processes characteristic of such migration into account.

Dilution and Retardation Processes

Due to physicochemical interactions between the natural medium and the radionuclides, the
average velocity of the radionuclides is generally lower than the actual velocity of the water
(except for tritium, a very mobile radionuclide that generally takes the form of tritiated water and
therefore behaves like ordinary water).
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Dispersion Processes

Due to the dispersion of the local radionuclide velocities, a portion of the activity always arrives
at the outlet after the water but with a greater velocity than the average velocity of the
radionuclides.

The model used for transport calculates volumic activity in each point of the aquifer. By this
way, we can obtain the radionuclide quantity at outlets.

Modeling of Radioactive Transfers to the Biosphere

There are a number of ways for radionuclides to be transferred to food products that are ingested
or to dust that is inhaled. The transfer processes are dependent on the characteristics of the
radionuclide in question and on the characteristics of the environment itself, particularly the food
chain.

To simulate the variety of pathways and mechanisms involved in the spread of radionuclides to
the environment, the following pathways were selected :

release and dilution of radioactivity in river water,
radionuclide migration in soil after irrigation or flooding,
radionuclide transfer to non-aquatic vegetation in the environment,
transfer to products of animal origin, and
ingestion or inhalation of products potentially containing radionuclides by a member of
the public.

The most exposed individual lives near the site and he's supposed to be self-sufficient. He uses
the water at the site outlet for drinking and irragation.
Under normal conditions, a smalll river near the site, the Laine stream is used for livestock
watering and fishing. Another case involves a well being dug near the site ; the most exposed
individual uses the water from this well.

10.4 Analysis of transport by air

During operating period

An accident, such as dropping a waste package or a waste package on fire, may occur during the
operating period, leading to radioactive waste dispersal.

In this event, the maximum potential risk is caused by the release of emitters into the air near the
location of the accident.

During the unrestricted access period

The scenario in which radioactive dust is released to the air from the disposal facility may arise at
the end of the institutional control period. The persons most affected by this scenario would be
those involved in earthmoving and construction and members of the public living on or near the
site who might inhale airborne dust.
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External exposure

The site is not expected to prevent human intrusion during the unrestricted access period. It is
assumed that the site is significantly altered by major construction and that waste is mixed with
disintegrated disposal structures and with the soil.

External exposure is caused primarily by gamma emitters in the contaminated soil, which can be
considered as a semi-infinite environment due to the thickness of the soil.

10.5 The scenarios of the Safety Assessment

Introduction

The radiological impact study of the disposal site consists of assessing the most probable
individual exposures for operating personnel and members of the public for each of the three
periods of the disposal facility.

As mention above, the first stage of safety assessment consist of defining basics scenarios for
radioactives transfers.

This assessment examines processes and events which affect containment systems, and those
which could cause incidents The scenarios take into account the technical and administrative
measures adopted to ensure that the facility operates normally and to prevent incidents and limit
their consequences.

Scenarios for the radiological safety assessment of the disposal facility are selected on the basis
of an analysis of the events.

Water transfers scenarios

Operating period :

The normal scenario considers radionuclide diffusion through disposal vaults.
This phenomenon begins as early as waste packages are disposed of. Even though under normal
conditions, radionuclides in the seepage water are collected by the SWCS, a part may diffused
through the disposal system. Since radionuclides transfer is by diffusion and because diffusion is
a sloww process, the radionuclides quantity released from the disposal vaults is low. The
radionuclides are then carried through the soil by water where the natural medium acts as futher
retention

Thus, diposal vaults releases are very low and, consequently, the radiological impact for the
normal water tranfer scenario is insignificant.

Institutional control period :

Normal scenario

The disposal units are covered with a final cap after the end of the operating period. The cap is
designed so that only a few liters of water can seep into the disposal units per m2 per year.
As during the operating period, the normal scenario is the radionuclide diffusion through disposal
vaults.
Disposal vaults releases are more significant than during the first period but the impact is still
very low.
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Degradation scenarios

Degradation scenarios involve the failure of only one containment system.

The first case considered is the SWCS integrity loss (failure of the second containment system).
All the water which should have been collected by the system is directly tranfered in the soil.

The second degradation scenario considers a failure of the third containment system. This failure
is possible because a well has been dug near the site : the well is in the immediate vicinity,
therfore, the retention and the time it takes for the transfer are reduced.
The water transfers through disposal vaults and the soil are the same as in the normal scenario
but the outlet considered is this well.
It is assumed that an individual uses the well in the immediate vicinity of the disposal facility for
all of his domestic needs.

Accident scenario

It is assumed that the cap loses its integrity above a disposal system unit. The water seepage
grows to the natural level. Because of mis water, the concrete permeability is assumed to be
multiplied by 100. Futhermore, breaks have occurred in the SWCS. It is also assumed that the
accident takes place when the activity released annually by the disposal facility is at its peak.

Highly degradation scenarios

Highly degradation scenarios result in the failure of several containment systems.

The first highly degradation scenario is the deterioration of the disposal vaults. It is assumed that
grouted-vaults concrete is considered with same properties as backfilled vaults (increased
permeability, porosity and diffusion coefficient). Breaks in the SWCS are considered also to have
occurred.

For the second highly degradation scenario, we consider that waste package release is directly in
the water table (the disposal system is completly degraded and so the second barrier no longer
provides containment). Two alternatives are then studied : transfer at the normal outlet (the river)
and transfer in a well dug near the site.

This last scenario gives ride to the most significant impact for this period.

Unrestricted access period

Normal scenario

Fundamental Safety Rule No 1-2 imposes very conservative assumptions for safety assessment of
the unrestricted access period :

The final disposal cap has disintegrated until it resembles the original soil. Water seepage in
the cap is assumed to correspond to the maximum permeability of the sand outcropping near
the site, meaning that the retention potential of the clay disposal cap is not taken into
consideration.

The water collection system no longer functions and the waste packages have completely
failed (they assumed to have been reduced to powder).
The existence of the disposal facility has been completely forgotten and people have
dwellings on or near the site.
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In this scenario, all released activity is assumed to be deposited in the water table and to migrate
through the soil from the water table to the river outlet.

Well Scenario

The well scenario is a variation of the scenario whereby contaminated water migrates through the
soil to the river outlet. In this scenario, it is assumed that an individual uses a well in the
immediate Vicinity of the disposal facility for all of his domestic needs.

This scenario leads to the most significant impact for all considered period.

Others scenarios

Operating Period

Normal Operating Conditions

Exposure to Members of the Public

EXTERNAL EXPOSURE

Under no circumstances members of the public may be exposed to ionizing radiation, except at
the site fence. Exposure to gamma radiation may come from the waste packages in the disposal
vaults, in the closed disposal units, or in the buffer storage building.

Dose rate calculations for the most exposed areas give equivalent dose rates of five to ten times
less than the authorized maximum exposure to members of the public.

The low figures for radiation at the site fence are primarily due to :

the thirty meter or more distance between the waste packages in disposal or storage and the
site fence;
the shielding provided by the concrete walls of the disposal vaults and by the walls and
partitions of the WCF (waste conditioning facility);
the concrete slab cover placed immediately over vaults once they are filled to capacity; and
the low average level of radiation from each waste package.

INTERNAL EXPOSURE

The internal exposure to members of the public through inhalation or ingestion of radioactive
materials released from the site in the form of gaseous and liquid effluents is insignificant.

The two potential sources of airborne radioactivity at the site are boxes awaiting grouting and
drums awaiting compaction. The air from and around these containers is processed by the
ventilation system during compaction and grouting and is filtered through a triple filter bank
before release. The use of this high-efficiency filtration system supports the assumption that
there is no release of radioactive gas under normal operating conditions.
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Personnel Exposure

EXTERNAL EXPOSURE

Drums are routed from the unloading area to the staging area or to the compaction cell with
automated systems that minimize the presence of operating personnel in these areas. The
probability of personnel exposure during compaction is therefore low under normal operating
conditions.'
External radiation exposure at the site is minimized with conventional means (shieldings, remote
systems, accident prevention system...) and individual and combined radiation monitoring and
tracking of integrated doses to the most exposed personnel.

Shieldings and radiation protection systems are designed to minimize personnel exposure, under
normal operating conditions, to a fraction of the maximum annual limit of 5 mSv.

INTERNAL EXPOSURE AND EXTERNAL CONTAMINATION

Since only solid stabilized waste is disposed of in the disposal vaults, operating personnel are
unlikely to inhale radioactive dust during waste handling under normal operating conditions.

Internal exposure to operating personnel working inside site facilities is prevented or minimized
by the use of measures such as dynamic containment and air filtration, which serve to prevent the
dissemination of radioactivity resulting from facility operations, such as box grouting and
cleaning of equipment contaminated with unfixed radioactive materials.

Accident Conditions

Naturally-occurring Events

EARTHQUAKE

The disposal vaults, SWCS galleries and WCF (Waste Conditioning Facility) have all been
designed to maintain radioactive containment in the event of an earthquake ; the radiological
impacts of such an event would therefore be insignificant.

FLOODING

Flooding from an off-site source would have no radiological impact on individuals since :

- none of the facilities, buildings or disposal vaults in the controlled area of the site were built
in the flood plain of the Noues d'Amance Stream; and

- on-site flooding cannot affect these structures due to :
. the large size of the rainwater collection system ;
. periodic maintenance of the rainwater collection system, thereby ensuring nominal service

conditions; and
. additional protection built around the structures (low walls, gutters, outward draining slopes,
etc.).
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BAD WEATHER

The site structures and facilities are built to withstand the elements following rules and
recommendations for construction issued by professional organizations, such as constructor trade
unions and standards associations.

A comprehensive review of major accidents that could be caused by weather or by defects in
facility design or construction pointed to dropping a waste package during handling as the
accident with the greatest radiological consequences, although it is not very probable.

"Reference" handling accidents are discussed later in this section.

METEORITE

The fall of a meteorite on the site during the operating period was not included in the safety
assessment because of its very low probability of occurrence.

PENETRATION BY ANIMALS AND VEGETATION

Burrowing animals and the growth of vegetation could damage the facilities during the operating
period, resulting in radiological hazards to members of the public.

The damage in question is primarily interference with or disruption of:

power supply to a facility or to the entire site,
data transmission,
water supply to a facility or to the site, and
rainwater and effluent collection systems and drainage systems.

A number of readily available and effective measures are taken to minimize this risk, such as
plugging low-lying accesses or covering them with grates, rodent extermination, periodic
inspections, periodic gutter and drain cleaning, etc. The radiological consequences of facility
penetration by animals or vegetation during the operating period were therefore not taken into
account in the assessment. .

However, some of the damage described above was included in potential accident scenarios
insofar as other, more likely causes for them exist.

Events of Human Origin

CRITICALITY

The risk of criticality and thermal releases is insignificant, given that :

restrictions on fissile material concentrations in disposed and stored waste packages are
enforced, in accordance with the recommendations of the regulatory authorities ; and

restrictions on the specific activity of waste packages containing beta-gamma
radionuclides are enforced.
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PLANE CRASH

The probability of a plane crash is calculated per square meter and per year for three categories of
aircrafts. The probability of a plane crash on the Waste Conditioning Facility or on 6 disposal
unit is less than 10-6/year.

But, at the end of the operating period, the disposal units occupy a surface area of approximately
20 hectares ; the probability per year of a plane crash on one of the disposal units is thus seventy
times greater at that time than when the vaults are in operation. Therefore, a light aircraft crash
and a military aircraft crash are factored into the safety assessment.

A minimum of 30 cm of concrete is provided by the shielding and closure slab, which represents
adequate protection from a Cessna 210 type aircraft falling at a maximum speed of 100 m/sec.

A military aircraft crash should result in the destruction of a part the concrete, some waste
packages ruptured and a portion of the activity they contain is released but the consequences are
assumed to be less significant than other accident scenarios considered below.

Accident Scenarios

In addition to potential hazards relating to normal operations listed above, radiological hazards
may arise during the operating period as the result of accidents.

Analysis of the resulting situations show that two types of accidents may have significant
radiological impacts on operating personnel and on members of the public : waste packages on
fire and a handling accident.

FIRE

Radiological impacts resulting from fire could occur at the site when unstabilized waste with a
sufficient combustion potential enters into contact with an ignition source before the waste has
been conditioned. This type of waste is restricted to boxes awaiting grouting and drums awaiting
compaction ; fire in these waste packages can only occur in the WCF (waste conditioning
facility) or on the service road between the site entrance and the WCF building.
The probability of such a fire is extremely low, particularly since the waste specifications in
effect and the absence of an adequate ignition source (temperature, duration, surface) make it
impossible for a chemically-induced fire (spontaneous combustion) to occur in these areas.

However, the impact on operating personnel and on members of the public of a fire in an
ungrouted box outside the building and of a fire in a trailer of drums to be compacted are
considered.

HANDLING ACCIDENT

Radiological consequences resulting from a handling accident could occur if a waste package is
dropped onto the ground or a heavy load is dropped on top of the waste packages with a
subsequent breach in the container and internal or external exposure to operating personnel or
members of the public.
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It was very conservatively assumed that the concrete and shielding of the container are destroyed
on impact, and that the waste is completely exposed on the unloading pad.

Institutional Control Period

Exposure

Public exposure is insignificant.
The risk of exposure to operating personnel is also insignificant during the institutional control
period for the following reasons :

site repairs are infrequent and of short duration ; and
the approximately four meter thick disposal cap provides additional shielding for site

monitoring personnel.

Naturally-occurring Events

Same events as during the operating period can occurred : earthquakes, flooding, bad weather,
meteorite, penetration by animals and vegetation.
But these events are not taken into account whether the event probability is too low, whether it is
factored into another scenario, whether effects are assumed to be insignificant.

Man-made Events

PLANE CRASH

Aside from the low probability of occurrence, the disposal structures are designed to withstand
the short-term consequences of a plane crash and to minimize the radiological impacts.

Longer-term impacts are taken into consideration in the design basis accident.

Unrestricted Access Period

Transport by Air and External Exposure

Once access to the site is no longer restricted, by definition the site may be used for any purpose
whatsoever. One might therefore imagine a wide variety of site usage scenarios.

Conventional intrusion scenarios described in Fundamental Safety Rule 1-2 are used to quantify
the radiological impacts of accidents occurring during the unrestricted access period. The
following accident scenarios were considered :

road construction : it is assumed that a road is constructed through the site ;
residential area : it is assumed that housing is constructed on the site and that there is a
permanent dwelling by a member of the public ; and
playground : it is assumed that the residential area described above has a playground.
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Road Construction

In the road construction scenario, it is assumed that the nature road construction methods are
similar to those in use today.

If the road is constructed through the disposal site shortly after the unrestricted access period
begins, when site concrete structures are still relatively intact, the project may involve
demolition, whereas road construction would be more conventional if the road is constructed
long after the beginning of the unrestricted access period, when the concrete structures have been
reduced to powder. Both possibility are studied : an extremist scenario of a road constructed just
after the end of the institutional control period and a realisitic scenario of a road construted in
5000 years.

It is assumed that the road intercepts the longest axis of the site through the disposal system. But
it is most probable that the road will bypass the site or will be constructed over the disposal.

Calculations take into account inhalation of dust from the soil for workers present at the site for
the duration of the project. External exposition from the soil radiation is also considered.

Residential Area

In the residential area scenario, it is assumed that the structures of the disposal facility have been
modified by new construction, and that a residential area is built at the site. The assessment
considers the case of a full-time resident of the area.
The construction of housing, streets, parks and landscaped areas causes the various materials of
the disposal site (soil, clay, grout backfill, structural concrete, waste, etc.) to be mixed with new
materials such as sand, gravel and arable soil.

Individuals living at the residence are exposed because of airbone dust inhalation and external
exposition from gamma-emitting particles present in the soil. Inhalation is attenuated by the
housing shelter and external exposure is attenuated inside the houses by a concrete slab
(approximately 20 cm thick) or possibly outside the house by a layer of earth.

Playground

In accordance with the recommendations of the Higher Council on Nuclear Safety, we will
assume that there may the exposures involved in the residential and playground scenarios may be
combined for children.

In the playground scenario, it is assumed that landfill materials (road shoulders, railroad bed,
dump) consisting entirely of debris from the disposal facility are spread throughout the site
during construction and that children occasionally use these areas for recreation (biking, for
example). One third of the landfill is waste and two thirds consist of miscellaneous non-
radioactive materials. For greater plausibility, it is further assumed that the structural concrete
and waste from the disposal facility have been reduced to powder.

As in the residential area scenario, it is assumed children are exposed to inhalation and radiation.
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10.6 Radiological capacity

The purpose of safety assessment of a disposal facility is to ensure that the radiological impact
for each period in the life of the facility are acceptable under all circumstances.

Safety analysis involves the calculation of the radiological impacts of a given inventory under all
plausible scenarios of radionuclide migration to environment in both normal and accidental
conditions.

If the pathways analyses result in acceptable radiological impact, the inventory can be ratified as
the radiological capacity. If the result is unacceptable, the inventory must be reduced or barrier
caracteristics not previously factored into the analysis must be taken into account.

Capacity is only determined for importants radionuclides which have a significant impact (more
than 1% of the global impact).

Some radiological capacities of the Centre de l'Aube are presented below.

Radionuclide

H-3

Co-60

Ni-63

Sr-90

Cs-137

a nuclides

Radiological Capacity

(TBq)

4 103

4 105

4 104

4 104

2 105

750
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LIST OF ACCIDENT SCENARIOS

Cause

HUMAN

NATURAL

Period

Operating

- Handling incident
-Fire(waste, facilities)
- Construction defect
(waste packages,
concrete pads, cap,
water collection
system)
- Plane crash

- Earthquake
- Flooding
- Animal intrusion
- Root intrusion
- Weather
- Meteorite

Institutional Control

- Construction defect
(idem left column)

- Plane crash

- Earthquake
- Flooding
- Animal intrusion
- Root intrusion
- Weather
- Meteorite

Unrestricted
Access

-Road Construction
- Housing
- Playground
-Well

- Earthquake
- Flooding
- Animal intrusion
- Root intrusion
- Weather
- Meteorite

11. POST CLOSURE MEASURES

11.1 Definition and Objectives of the Institutional Control Period

Fundamental Safety Rule 1.2 defines the institutional control period as "a period following site
operations set aside for radioactive decay of short- and medium-lived radioelements, during
which institutional control is exercised 1) to monitor for any failure in the containment systems
and to prevent the spread of radioelements which may have adverse effects on members of the
public or on the environment, and 2) to prevent intrusions into the site."

The length of the institutional control period is determined by how long it takes for the
radioactivity of short- and medium-lived radioelements to decay to levels that no longer
present significant hazards to members of the public or to the environment and that allow
unrestricted access to the land so that it may be returned to normal usage.

So, the objective of institutional control is to protect members of the public and the
environment for as long as the potential radiological hazard exists.

The achievement of this objective is based on assuring that the disposal cap and the water
collection system maintains its performance and on regulating access to the site. This
assurance is gained by monitoring, servicing, maintenance capabilities, and caretaking as
necessary.
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11.2 Site status during the institutional control period

Area Division will be determined according to the regulations, Controlled AccessArea,
Restricted AccessArea, Unrestricted Access Area (Visitor Center).

Disposal Cap
The purpose of the disposal cap is to protect the disposed waste packages from meteoric water
by limiting the flow of seepage water, which may enter into contact with the waste packages,
to a few liters per square meter per year.

All water from the cap is collected in two systems encircling the site : the run-off collection
system, which collects run-off, and the drainage water collection system.

Water Collection Systems for Disposal Structures

Seepage water which may have leached the waste packages is collected in a system located at
the bottom of the disposal structures called the Separative Water Collection System (SWCS).

Ventilations

Ventilation is an issue for the water collection terminal and for the SWCS gallery. It is not
currently planned to install nuclear type ventilation (air box, filters), but the existing air
flushing system, which provides adequate protection from radon, will be maintained.
However, the building layout is designed so that filters may be installed later.

Security
Site Fence and Entrance
Throughout the institutional control period, access to the Centre de I'Aube will be regulated.
The perimeter fence of the site will therefore be kept with a single access for individuals and
vehicles.

Surveillance
Intrusion detection devices, connected to the security station will be installed in the Visitor
Center, in the entrances to the SWCS and in the water collection terminal.

11.3 Monitoring program

Disposal Cap Monitoring

The disposal cap is monitored to verify its impermeability. Three types of inspections will be
used to fulfill this objective :

visual inspection,
topographical inspection, and
hydraulic monitoring.
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Visual Inspection

The appearance of the cap will be visually inspected in two ways :

- external inspection of the cap's surface and of the condition of visitable walls and structures
(SWCS, basins, measurement rooms, service road, etc.) ; and

- internal inspection of piping and drainage systems.

Topographical Inspection

Topographical inspection of the site and its approaches will be done primarily by aerial
photographic survey. This type of inspection can detect earth movements whose type and
magnitude could lead to a deterioration of the cap's impermeability.

Hydraulic Monitoring

Hydraulic monitoring will be used to analyze and monitor the hydraulic behavior of the cap;
it will include :

- monitoring of the volume of water discharged via the so-called alarm drains located beneath
the liner ensuring cap impermeability ;

- measurements of total flowrates for the various water collection systems of the site; and
- special instrumentation for a section of the cap to evaluate and track changes in parameters

such as precipitation, run-off, seepage and evapotranspiration.

Hydraulic monitoring is specific to the first phase of the disposal cap and is performed for in
situ validation of the cap's hydraulic behavior. Tracking will be performed only for as long as
necessary to obtain useful results.

Monitoring of Disposal-related Water CollectionSystem, Separative Water Collection
System and Seepage Collection System

Collection systems for water passing through the disposal units will be monitored :

- to determine the status of seepage water (flowrate and activity) and to detect any off-normal
conditions ;

- to track changes hi the water and to categorize its origin ;
- to maintain the ability to perform the necessary sampling in each sector of the collection

systems so as to analyze identified changes ; and
- to gather the necessary information to assess the behavior and potential evolution of the

disposal unit.

These monitoring activities will be correlated to information from environmental monitoring
(e.g. precipitation or water table measurements) or from cap monitoring activities.

Workshop NETEC - Taejon - South Korea
October 1997

-152-



Site and Environmental Monitoring : Monitoring Plan

A radiological monitoring plan was established for the operation phase and may be revised
during the institutional control period based on monitoring data and their evolution as well as
on progress in the field of instrumentation.
Monitoring is based on the principle of looking for any anomalies by examining the site from
the downstream and toward the upstream and radiological sampling and analysis relate to :

- precipitation, run-off, drainage and seepage ;
- on-site and off-site ground water ;
- stream water ;
- sediment and sludge ;
- plants ;
- air and airborne dust ;
- area dosimetry at the site fence and for the controlled areas ; and
- dosimetry of personnel temporarily servicing the facilities.

This radiological monitoring plan is complemented by measurements pertaining to chemical
toxicants.

Corrective Actions

The monitoring program combined with the archiving of the characteristics of the disposal
facility and all its structures must allow for the detection, localization and identification of the
causes of any abnormal radiological situation.

Supplemental monitoring measures or possibly corrective measures will then be taken as
necessary following pre-established procedures (repair of collection systems, galleries, liner).

11.4 Record Keeping

During operation of the Centre de la Manche disposal facility, a large number of documents
were produced relating to work performed there. Some of these documents contain
information vital to tracking and understanding activity levels at the site. These documents
may be classified into four major categories :

- site data (geological, seismic, hydrogeological, etc. studies) ;
- design and construction documentation for the disposal structures ;
- documentation on disposed waste packages, i.e., data on the origin, type, weight, activity

levels, conditioning and location of the waste packages ; and
- radiological monitoring documentation for the site.

Two copies are made of all documentation and are filed in two separate locations. This
information is usually in paper form.

Transition to the institutional control period for the CSM requires that this documentation be
archived for the duration of institutional control, i.e., 300 years.
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The purpose of archiving is to preserve and manage all documentation so as :

- to understand and implement the monitoring program applicable to the site ;
- to interpret measurements taken and observations made in the framework of the monitoring
plan ; and
- to perform basic site maintenance.

12. CLOSURE OF THE CENTRE DE LA MANCHE DISPOSAL FACILITY

With the closure of the Centre de la Manche, ANDRA has now the real experience of closure of
a surface disposal facility.

The disposal vaults are protected from rainwater with a final disposal cap, which must maintain
its integrity throughout the institutional control period. The disposal cap constitutes the most
important safety-related component of the disposal system during the institutional control period.

The final cap must therefore be sufficiently impermeable for a period of at least 300 years and
cap maintenance requirements must be kept to minimum under normal operating conditions.

Design Criteria of the final disposal cap are as follows :

Impermeability
The amount of rainwater likely to seep through the disposal cap and enter into contact with the
disposal vaults is a fundamental safety parameter.

The impermeability criterion requires minimization of water seepage into the disposal vaults to a
few liters per square meter per year.

Long-term Integrity

The disposal cap must maintain the required level of impermeability for the duration of the
period considered, regardless of adverse external or mechanical effects, to minimize the need for
maintenance and repair.

Elasticity

The disposal cap must remain impermeable for the duration of the institutional control period,
even if settling or subsidence of the disposal structures should occur.

Security

The security criterion pertains primarily to adverse external factors, such as erosion, thermal
cycling, or intrusion by humans, animals or vegetation.
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Repairability

The disposal cap was designed so that a potential failure can be identified in small surface areas
to allow for maintenance and repair if necessary.

From bottom to top, the multi-layer system consists of the following :

- a subgrade of compacted materials consisting of sandstone and schist, designed to give a
sloped shape to the cap and to enhance the impermeability of the multi-layer system by its low
permeability;

- a drainage layer of fine-grained sand designed to prevent puncturing of the bituminous liner
and to collect drainage water in the event of a liner failure ;

- a bituminous liner to ensure the impermeability of the multi-layer system ;
- a drainage layer of fine-grained sand designed to prevent continuous hydraulic load on the

liner and to collect drainage water which has entered the biological barrier;
- a layer of compacted materials designed to regulate the flow of drainage water over the liner,

and in particular to protect the latter from root systems and burrowing animals ; and
- a layer of shallow-rooted vegetation which prevents the underlying impermeable layers from

drying out and cracking, resists washout and erosion, directs run-off to a rainwater collection
system, and helps to achieve a satisfactory evapotranspiration coefficient

Cap Water Collection Systems
All water from the cap is collected in a double water collection system encircling the site.
Run-off and drained seepage water.

The cap will be monitored and repaired in the event of deterioration to protect the other
components of the disposal system from water and thermal cycling until the unrestricted access
period.

13. LICENSING ISSUES

Division of Responsibility
The extent of nuclear operations in France and the type of risks that they entail prompted the
government to develop an organizational program and regulations specific to nuclear safety.
The fundamental responsibility of the operator forms the core of this system. The
government provides oversight to ensure that this responsibility is carried out completely in
compliance with regulatory requirements.
The respective roles of the government and of the operator may be summarized as follows :

- the government defines general safety objectives ;
- the operator makes technical recommendations for achieving these objectives and provides

supporting arguments ;
- the government verifies the adequacy of these recommendations with respect to the

established objectives ;
- the operator implements the approved measures ; and
- the government verifies the appropriate implementation of these measures and analyzes their

consequences.
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The Ministry of Industry's Directorate for the Safety of Nuclear Installation (DSIN) is
responsible for defining and implementing nuclear safety policy. DSIN also reports to the
Ministry of the Environment.

Special regulations were promulgated to ensure that facilities are constructed and operated
under satisfactory safety conditions. In regulatory terms, the facilities fall into different
categories which correspond to more or less restrictive procedures based on the magnitude of
their potential risk.

DSIN is charged with defining and applying regulations for the principal fixed nuclear
facilities, termed "licensed nuclear facilities", excluding those involving defense programs.

Facilities designed to dispose, store or use radioactive substances, including waste, are
classified as licensed nuclear facilities when the volume or total activity at the radioactive
substances is above the threshold established by the joint ministerial order.

Licensed nuclear facilities are subject to two types of regulation : licensing and technical
requirements.

Licensing Process

The operator must submit a Provisional Safety Analysis Report to the Minister of the
Environment and to the Minister of Industry before the facility enters service, which must occur
within a period of time established by the license decree. Final start-up is subject to a ministerial
license accompanied, as applicable, by updated technical requirements and general operating
rules.

License Decree

The Centre de 1'Aube was licensed by decree dated September 4, 1989, specifying
particularly :

- the principal elements of the facility are the disposal vault, the water collection system and
installations ;

- the disposal capacity (1 million m^) and the maximum allowable activity for tritium, cobalt
60, strontium 90, cesium 137, nickel 63 and alpha-emitting radionuclides ;

- that the different types of waste packages must be accepted (formal approval) prior to
disposal;

Operating licence and Technical Requirements
For the Centre de l'Aube, the operating license of December 21, 1991 specified that the Final
Safety Report for the CSA had to be submitted within a period of five years. The final Safety
Report for the Centre de l'Aube has been submitted to the Safety Authority last december 1996
and is still under examination.

The technical requirements specifying operating conditions for all disposal structures and
facility equipment were set in the Decree.
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Performance Assessment and Licensing Issues

Performance assessment contributes to many aspects of the licensing process. First,
engineering and design of a disposal system should use performance assessment in the same
manner that analysis is used in the design of any other system (i.e., as an inexpensive
alternative to physical testing). Second, PA calculations should not be considered absolute
predictions. Results should be used to demonstrate that expected doses within a range of
uncertainty would be below specified requirements, as opposed to predicting that the dose will
be a specific value.

The final objective of performance assessment for a near-surface LLW disposal facility is to
demonstrate that potential radiological impacts for each of the human exposure pathways will
not violate applicable standards. This involves determining potential pathways and specific
receptor locations for human exposure to radionuclides; developing appropriate scenarios for
each of the institutional phases of a disposal facility; and maintaining quality assurance and
control of all data, computer codes, and documentation. The results of a performance
assessment should be used to demonstrate that the expected impacts are expected to be less
than the applicable standards. The results should not be used to try to predict the actual
impact. This is an important distinction that results from the uncertainties inherent in
performance assessment calculations.

Because of the large data requirements and uncertainties associated with subsurface
processes, the process of performance assessment is typically not completed in one attempt.
Performance assessment is an iterative process and designs, pathways, and models will
typically be updated as new results and data are obtained. Defensible data and calculations
contribute to an efficient siting and licensing program and are an essential element of a final
license application for a LLW disposal facility (US NRC, 1988a).

Specific radiological performance objectives for commercial LLW facilities in the United
States are promulgated in 10 CFR 61 to protect the public and inadvertent intruders (Case
and Otis, 1988). The disposal site must be designed to minimize the contact of water with
waste during storage, the contact of standing water with waste during disposal. Reasonable
assurance must be provided that ongoing active maintenance of the site will not be required
following closure. Technical analysis included in the original license application must
characterize the long-term stability of the site (as stated in 10 CFR 61.13[d]). The primary
emphasis in site suitability is waste isolation and disposal site features that ensure that
long-term performance objectives of 10 CFR 61, Subpart C are met. These objectives
are protection of the general population from release of radioactivity, protection of
individuals from inadvertent intrusion, protection of individuals during operations, and
stability of the disposal site after closure. While additional requirements may be
promulgated in state and local regulations, the essence of all the regulatory requirements
attempt to ensure that the site is capable of being characterized, modeled, analyzed, and
monitored.

Performance Objectives

The lifetime of a LLW disposal facility can be divided into several phases: siting, design,
construction, operations, final closure and stabilization, post-closure observation and
maintenance, and long-term care (active and passive institutional control periods). The
purpose of a LLW disposal facility is to isolate LLW for an extended period of time so that the
established performance objectives for the facility are met. Each phase should be focused on
this purpose.

The disposal site must be designed to minimize the contact of water with waste during
storage, the contact of standing water with waste during disposal, and reasonable assurance
must be provided that ongoing active maintenance of the site will not be required following
closure. Technical analysis included in the original license application must characterize the
long-term stability of the site (as stated in 10 CFR 61.13[d]). The primary emphasis in site
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suitability is waste isolation and disposal site features that ensure that long-term performance
objectives of 10 CFR 61, Subpart C are met. These objectives are protection of the general
population from release of radioactivity, protection of individuals from inadvertent intrusion,
protection of individuals during operations, and stability of the disposal site after closure. The
site must be capable of being characterized, modeled, analyzed, and monitored.

During disposal operations, each disposal unit is closed and stabilized as it is filled; closure
involves placement of an engineered cover (made of earthen or structural material) over the
waste. Final site closure and stabilization are required following completion of operations to
prepare the disposal site for the post closure observation and maintenance phase and to
assure that the site will remain stable and will not need ongoing active maintenance. During
the active phase of facility closure, support buildings are dismantled, the closed disposal units
are inspected, and monitoring data are evaluated. During the post-closure observation phase,
observations are made to assess the stability of the disposal site and determine whether the
site is prepared for institutional control.

Accurate, comprehensive information on facility design, waste classification, characterization,
and disposal location is necessary to perform a performance assessment. The environmental
monitoring program must be designed to detect the critical radionuclides and chemical
constituents at the site. Remedial action alternatives will depend on the specific information
on wastes located within a certain area or container. The absence of complete documentation
may introduce significant uncertainties regarding potential long-term environmental risks and
may dictate a more cautious and conservative approach to site closure and post-closure
activities (U.S. NRC, 1982).

Performance Assessment Phases

In terms of performance assessment, the life of the LLW disposal facility can be divided into
four phases: 1) pre-operational, 2) operational, 3) short-term post-operational, and 4) long-
term post-operational. To adequately assess long-term facility performance, evaluation of
monitoring and surveillance results should be performed throughout each of these phases.
Also, certain elements of the physical monitoring and assessment program should continue
into the long-term post-operational phase to confirm the closure decision. Activities and goals
for each performance-monitoring phase are summarized below.

Pre-Operational Activities

Before operation of the LLW disposal facility, site-specific information must be collected
as a basis for long-term data analysis. The data collected may be used to predict the
behavior of the facility during the operational and post-operational phases.

Operational Activities

The purpose of assessing activities performed during facility construction and waste
disposal operations is to verify that the containment system is behaving according to the
design basis. This includes verification that waste receipt, handling, and disposal
operations comply with the operational plans that are rooted in the design basis. Coupled
to this operational assessment is the implementation of a quality control program to
assure that waste received is substantially in compliance with projected source term.
Lastly, comprehensive environmental monitoring and site surveillance monitoring is
performed to verify that waste is effectively isolated from the biosphere.

Short-Term Post-Operational Activities.

Post-operational performance assessments are based on information obtained during the
previous phases. Assessments performed during the short-term post-operational phase
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are used to satisfy the primary objective of interpreting the conditions to make decisions
that permit or deny issuance of a closure license.

Long-Term Post-Operational Activities

Long-term post-operational performance assessments are based primarily on information
gathered from long-term environmental monitoring and site surveillance programs. This
information is compared to that collected during the earlier phases of the monitoring
program.

A performance-monitoring program is designed to demonstrate long-term, post-closure
performance of a LLW facility. The program provides data to determine whether the
engineered confinement structures are effectively isolating the waste and will continue to
isolate the waste by remaining structurally stable. The data obtained from this program
improves the site operator's ability to plan for the closure of the LLW disposal facility, as
well as enhance closure decisions made by the NRC or the licensing authority
(INEL/EG&G Idaho, 1990).

Several important degradation processes, including erosion, biological intrusion, and
differential settlement, are evaluated using data obtained during environmental
surveillance activities. Surveillance involves visual inspection and monitoring at the
surface to measure parameters associated with degradation mechanisms. Information
collected from this surveillance is used to calibrate the models used for performance
assessment.

Inadvertent Intrusion

The design of the facility, how waste was disposed of, and its inventory of radioactive
waste must be taken into consideration when evaluating the effects of inadvertent
intrusion or biotic transfer mechanisms. Limiting certain waste streams or enhancing the
facility design can greatly reduce an intruder's level of exposure to radiation or
radioactivity.

10 CFR 61, Subpart C requires protection of individuals from inadvertent intrusion as one
of the four performance objectives. Specifically, the regulation states that, "design,
operation, and closure of the facility must ensure protection of any individual who
inadvertently enters or occupies the site or who comes in contact with the waste after the
institutional control period ends." Assurances to deter intrusion must be incorporated into
the design of the disposal units. Class C waste, for example must be disposed of so that
the top of the waste is a minimum of 5 m below the top surface of the cover over the
waste. Alternatively, Class C waste may be placed below intruder barriers which are
designed to protect against an inadvertent intrusion for at least 500 years. Intrusion by
plant roots and burrowing animals through the cover of a disposal unit promotes water
infiltration and may provide a mechanism for the transport of waste constituents to the
surface.

Scenario Selection

Development of potential exposure pathways and scenarios is an important part of modeling
the disposal system considered during the site characterization phase. Detailed lists of
exposure pathways that should be addressed by a performance assessment are included in
the NRC methodology report. Typical scenarios are also presented in NUREG-1199,
Standard Format and Content of a Ucense Application for a Low-Level Radioactive Waste
Disposal Facility. However, site-specific scenarios must also be considered. The most
relevant exposure scenarios must then be expanded for each of the facility's institutional
phases to form a simple descriptive representation (conceptual model) of the disposal facility
(Starmer, 1988; Starmer et al., 1988). A typical example of how exposure scenarios can be
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expanded is illustrated by the many variations of inadvertent intrusion including mining,
agriculture, or residential development.

The applicable requirements and establish performance objectives must then be identified.
This information provides a guide for the modeler to begin identifying pathways and scenarios
to be considered, which are necessary to construct the site conceptual model. Following this is
collection and interpretation of site characterization data. The site characterization involves
two-way interactions with a number of the other steps in the process indicating that data
collection is a continuous and iterative activity influenced by results of other steps in the PA
process.

Using the performance objectives and site characterization data, the next step involves
developing the exposure scenarios. The exposure scenarios should include a set of pathways
and processes through which an individual may be exposed to radioactivity or radiation from
the disposed of wastes. As opposed to worst, or bounding, case, emphasis is placed on
making the exposure scenarios realistic and credible. Conceptual models that represent the
scenarios are then developed. It is important that the models can accept terms that are easily
translated to appropriate modeling inputs which are typically derived from initial site
characterization activities. The conceptual models need to be consistent with the level of
detail of the available data and the capabilities of the computer codes. Typically, initial
performance assessments will be performed using very simple models because of a lack of
detailed data. During the development of exposure scenarios and conceptual models, a
number of additional data needs are identified.

Mathematical Modeling and Computer Programs

Proper selection and integration of assessment models is essential when assessing exposure
pathway consequences. Models are selected based on the ability to represent site-specific
phenomena such as source-term release, groundwater flow and transport, airborne transport,
surface water transport, uptake through the food chain, and dosimetry. A successful code
implementation phase is one in which the computer codes are demonstrated to be capable of
representing the site-specific conceptual model of the physical and chemical system.

In most cases, the final dose prediction is based on contributions from a few key
radionuclides. Consequently, simple screening calculations such as comparing radioactivity
decay times versus the length of the institutional control period can eliminate a majority of the
radionuclides in the waste inventory from future consideration. Therefore, PA efforts can be
focused initially on the limited number of radionuclides that actually contribute to the predicted
dose.

After performing screening calculations, computer codes and modeling approaches that more
closely approximate actual conditions are selected for use with the radionuclides that were not
screened. Computer codes are selected for their capability to model conditions at the given
site. In some cases, it is necessary to modify an existing code to model conditions at a site.
Following PA calculations with selected models, the results are evaluated to identify dominant
processes and areas where future data may be required, and compared with the objectives.
The final step is to report the results, discuss deficiencies, and in some cases, consider the
collection of additional data to further calibrate the conceptual model.

In general, the NRC has advocated the use of reasonably conservative and defensible models
for a PA (Starmer, 1988; Starmer et al., 1988). Thus, when simplified models are adequate,
analytical techniques are included among the analysis methods suggested in the methodology
and are preferred over numerical approximations. Clearly some pathways, groundwater in
particular, require more complex models. A two-stage modeling approach is used to
overcome this challenge.

In the case of groundwater, a detailed characterization (process) model may be used to
predict an aquifer flow velocity. The result is then input into a system model that considers
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multiple pathways to calculate the dose that would be attributable to radioactivity in
groundwater. Such an approach allows the results to be reviewed at a higher level with
documentation available upon request for the more detailed calculations.

The first iteration of a PA should be used to limit the amount of data that must be collected to
conduct the PA. Relatively simple sensitivity and screening analyses can be used early in the
PA process to demonstrate the significance of a given input parameter for a specific problem
(Case and Otis 1988; Seitz et al. 1991). In this respect, sensitivity analyses identify the data
that have a large impact on the predicted dose, and thus warrant the commitment of
resources to obtain additional data. Likewise, data with an insignificant impact on the
predicted dose can be identified, and efforts to obtain such data can be minimized.

Such calculations place the analyst in the position to respond to questions such as "How does
the licensee assure that the generic value is representative actual site conditions?" Through
the use of sensitivity analysis, rather than being forced to respond with a statement that the
value was assumed to be appropriate, a more concrete response can be given. The modeler
can explain that the predicted dose was insensitive to changes in the parameter over the
expected range of values, rendering non-important the specific value selected for the
parameter within that range.

An illustration of the iterative nature of PA is the use of increasingly complex analysis
techniques for each stage of the calculations. In the initial stages, simple hand calculations
may provide enough justification to eliminate some pathways and radionuclides from
consideration. Such a screening approach minimizes the amount of analyses that would
require more detailed modeling. The identified pathways, site-specific processes, quantity and
quality of available data, and code capabilities, should ultimately govern code selection. The
use of established codes, if applicable to a specific site, is generally recommended over the
development of a new code for each disposal facility. Furthermore, a PA conducted with a
highly sophisticated model is not necessarily considered better than a PA conducted with a
simple model. In fact, it is preferable to maintain consistency between the modeling
complexity and the quantity and quality of available data.

Evaluation of the conceptual model of the facility and site involves the use of appropriate
computer codes and site-specific data. Code selection for a PA is based on the capability of a
code to model site-specific conditions. Generally, a single code will not be capable of
simulating all relevant scenarios. Compliance calculations may be conducted using a single,
system-level code. However, supporting calculations to determine selected inputs to the
system-level code (e.g., groundwater velocities) may be conducted using a process-level
code. In this respect, various levels of modeling are typically necessary to fully evaluate the
performance of each LLW disposal facility.

Performance assessment codes are often differentiated according to their specific capabilities
(Starmer et al. 1988; Case et al. 1989). For example, PA codes can be classified as either
characterization (process) or system-level codes (Starmer et al. 1988). Characterization
(process) codes are specialized codes dealing with a particular component of the disposal
system (e.g., groundwater flow and transport), while the more generalized system-level codes
integrate several processes involved in the system (e.g., groundwater flow and transport,
irrigation, plant uptake and consumption, and internal dosimetry).

System-level codes typically use more simplistic, and thus, generally more conservative
representations of system behavior. Initially, a system-level approach can provide a
conservative approximation of the performance of a proposed LLW disposal facility. Such
modeling efforts are useful during the site characterization and screening phases of the PA
process, when less site-specific data will be available. System-level models also provide a
relatively straightforward set of calculations that provide a basis for the demonstration of
compliance. Examples of system-level codes include PATHRAE (Rogers and Hung, 1987a),
PRESTO-CPG (Rogers and Hung, 1987b), and GENII (Napier, 1988).

-174-



Final Results of Performance Assessments Submitted for License
Application

Demonstration of regulatory compliance using performance assessment is the license
applicant's responsibility that is necessarily performed during the entire life span of the facility.
Two documents have been produced by the NRC regarding the contents and review criteria
for a license application (NRC, 1988a; NRC, 1988b). NUREG-1199, Standard Format and
Content of a License Application for a Low-Level Radioactive Waste Disposal Facility,
provides a format for the material to be presented in a Safety Analysis Report. Section 6 of
NUREG-1199 includes a detailed discussion of the information necessary to document a
safety (performance) assessment.

The NRC or the appropriate Agreement State agency will review performance assessments to
determine whether the proposed facility complies with specified regulations. The NRC
provides guidance on their review process in Standard Review Plan for Review of a License
Application for a Low-Level Radioactive Waste Disposal Facility, NUREG-1200, Rev. 1.
Section 6 of NUREG-1200 outlines the review criteria for the different elements of a Safety
Assessment. Examples of topics addressed in the review process include validity of
assumptions; adequacy of conceptual models for representation of site-specific processes;
justification, documentation, verification, and calibration of numerical models; and
appropriateness of balance between conservatism and realism in the assessment calculations
with respect to the performance objectives.

The goal is to demonstrate that a facility will perform within the performance objectives of 10
CFR 61 and any other applicable state or local regulations. Thus, it is more of a bounding
analysis that should be conservative. Furthermore, it is important to recognize that PA is an
integral part of an efficient site characterization and design process and not just a compliance
tool. Through the use of sensitivity analyses, PA can help focus efforts on characterization
and design parameters that have the most critical impacts on the final results. As with the
design of any high-tech system, modeling is an inexpensive alternative to physical testing.

During site characterization, a lack of sufficient data forces the establishment of various
assumptions. At this preliminary stage, system-level codes or even hand-calculations are
useful for screening calculations to limit the number of radionuclides and pathways that must
be considered in detail during later iterations of the PA process. As data collection
progresses, more specific process-level codes may be used to provide greater understanding
of specific pathways and components. Using multiple codes and coupling various models
together provides a more comprehensive evaluation of the complex processes associated
with LLW disposal facilities. The final calculations and supporting site-specific data used in
support of a license application must be defensible and understandable. Furthermore, the
quality and quantity of site-specific data should be consistent with the level of model used for
the analysis since it will be used in future performance assessments.

Institutional Control Period

The facility closure period can be divided into two phases: the active phase (final site closure
and stabilization), when design features and stabilization techniques are completed; and the
observation phase (post-closure observation and maintenance), when surveillance is
conducted to assure that the facility is stable and ready for institutional control.

The active closure phase consists of two activities including evaluating performance and
environmental monitoring data to assure that the current and projected performance of the
site will facilitate closure, and inspecting closed disposal units to assess whether any remedial
action is required.
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The passive phase of disposal facility closure involves monitoring to assure that the facility is
stable and ready for institutional control. If the performance assessment performed at this
phase indicates that the facility is performing properly and will continue to meet the
performance objectives, the licensee applies for a license amendment to transfer custody of
the facility to the disposal site owner, who must be a state or federal entity. Approval of this
amendment by the licensing authority signifies completion of the active and observation
phases of facility closure.

During the active institutional control period, the responsible entity must execute a monitoring
program to assure continued site performance, conduct physical surveillance to restrict access
to the site, and perform minor custodial activities. After determining that these requirements
have been met, the license is terminated. Thereafter, during the passive control period, the
disposal site must continue to meet the regulatory performance objectives relying only on
passive intruder controls such as land markers and signs as well as documented land records.

Performance and environmental monitoring data should be evaluated to ensure that the site
continues to meet the closure objectives. The type of monitoring to be employed during the
institutional control phase should be selected based on the site's characteristics, facility design
features, and specific functions of the monitoring processes.

Duration (active and passive)

Active

Closure activities for LLW disposal facilities must comply with NRC's or agreement state's
closure and post-closure requirements. Before beginning closure operations and 30 days
prior to expiration of the operating license, the owner or operator must apply for an
amendment to the license. The application must include a final revision of the site
closure plan. The period when final site closure and stabilization activities are
implemented is the site closure, or active, phase (10 CFR 61.29). A time limitation on this
period is not specified in 10 CFR 61.

Passive

The passive phase immediately follows the disposal site closure phase. For a period of 5
years, the licensee must remain at the disposal site for a period of post-closure
observation and maintenance to assure that the disposal site is stable and ready for
institutional control. The regulatory agency may approve shorter or require longer periods
of maintenance if conditions warrant. At the end of that period, the licensee applies for a
license transfer to the disposal site owner. Following completion of closure authorized in
10CFR61.28, the licensee shall observe, monitor, and carry out necessary maintenance
and repairs at the disposal site until the license is transferred by the regulatory agency in
accordance with 10CFR61.30.

The regulatory agency determines the period of institutional controls, but institutional
controls may not be relied upon for more than 100 years following transfer of control of
the disposal site to the owner. After determining that the site has been closed
satisfactorily, the agency transfers the license to the state or federal landowner, who must
have a program to restrict access to the site throughout the 100-year institutional control
period.

Basis of Determination

Transfer

The license is transferred when the regulatory agency finds that the closure of the
disposal site has been made in conformance with the licensee's disposal site closure plan,
as amended and approved as part of the license. Reasonable assurance, including
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performance assessments, must also be provided by the licensee that the performance
objectives of Subpart C of 10CFR61 are met. The disposal site owner must have
received from the licensee any funds and necessary records for care. The licensee must
also provide proof that the post-closure monitoring program is operational for
implementation by the disposal site owner. The federal or state government agency that
will assume responsibility for institutional control of the disposal site must be prepared to
assume responsibility and ensure that the institutional requirement's found necessary
under will be met.

Termination

A license is terminated only when the regulatory agency finds that the institutional control
requirements under 10CFR61.23 (g) have been met and that any additional requirements
resulting from new information developed during the institutional control period have also
been met. The agency will also assure that permanent markers or monuments warning
against intrusion have been installed.

Zoning Plan of Disposal Site During Operation and Post-Closure

Copies of records of the location and quantity or radioactive wastes contained in the disposal
site must be transferred upon license termination to several separate executive offices in the
vicinity of the facility. The chief executives of the nearest municipality and the county in which
the facility is located must receive copies of the records. Additionally, the county zoning
board or land development and planning agency, the state governor and other state, local,
and federal governmental agencies as designated by the regulatory agency at the time of
license termination will also be designated recipients of the these records.

Licensing Issues

The NRC requires that disposal sites be sited so as to achieve the performance objectives set
forth in Subpart C of 10 CFR 61. To implement this, the NRC has promulgated extensive
siting criteria focusing on geologic, geotechnical, hydrologic, meteorologic, climatologic, and
biologic features of the area.

License applications are required to provide a reasonable assessment of potential radioactive
releases via the most significant transport mechanisms for each institutional phase of the
facility (US NRC, 1988a). This regulation emphasizes the need to maintain releases of
radioactivity as low as reasonably achievable (ALARA). The NRC or the appropriate
Agreement State agency reviews performance assessments to determine the adequacy of
regulatory compliance for the proposed facility. The NRC provides guidance on their PA
review process in Standard Review Plan for Review of a License Application for a Low-Level
Radioactive Waste Disposal Facility, NUREG-1200, Rev. 1. Section 6 of NUREG-1200
outlines the review criteria for the different elements of a Safety Assessment. Examples of
topics addressed in the review process include validity of assumptions; adequacy of
conceptual models for representation of site-specific processes; justification, documentation,
verification, and calibration of numerical models; and appropriateness of balance between
conservatism and realism in the assessment calculations with respect to the performance
objectives.

Although performance assessment is one of the more problematic aspects of licensing a
disposal facility there are some other factors affecting the United States LLW commercial
disposal system. Three of the most discussed include revisions to regulations for licensing
LLW disposal facilities, disposal of mixed waste, and the requests by many for on-site, long-
term storage.

The ability to license a LLW disposal facility depends on three principal factors. First,
regulations must be sound and established using public input. Second, applicants must
demonstrate that the proposed facility meets all safety and environmental regulations. Third,
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regulator decisions to license must ensure protection of the public safety, health, and
environment and the ability to withstand legal challenges. Some regulators believe that
revisions to 10CFR61 that would require more specific technical requirements for licensing
alternative disposal technologies, would allow states to apply more active disposal concepts
than the passive concepts in part 61. Active disposal concepts reflect many of the attributes
inherent in storage such as retrievability, active maintenance, and longer institutional care and
monitoring. Regulators suggest that these revisions would allow states to gain greater public
acceptance for LLW disposal concepts.

Mixed waste, LLW that contains both a hazardous and radioactive constituent, has presented
some regulatory and disposal problems in the United States. Currently, only limited disposal
capacity exists for some mixed waste and only limited treatment capability exists. Mixed
waste disposal plans in the states are on hold pending decisions between the states and the
federal government.

Storage of LLW is authorized and licensed, on a case-by-case basis under 10CFR Parts 30,
40, 50, and 70. A preference for storage of LLW has been expressed by some waste
generators, agencies of state and local governments, and opponents of disposal facilities as
an alternative to disposal. Some opponents do not believe that a clear case has been made
that near-surface disposal adequately protects public health and safety. Others suggest that
on-site storage eliminates potential transportation accidents and the need for committing the
use of clean land. The NRC staff considers disposal to be designed as permanent with no
plans for retrieval. The siting, design, construction, operation, and safety analysis are
conducted to ensure waste is permanently isolated and the facility meets the performance
objectives and technical requirements of Part 61. The NRC defines storage as a facility
designed for a definite design life and as such is not required to meet the requirements for
permanent isolation in Part 61. However, some generators believe that acceptance by the
NRC of long term storage will represent lower costs and avoid potential Superfund liability for
reported contamination of a disposal site in the future.

The science of performance assessment is constantly being advanced with the improvements
in computational capability and sensor technology. However, the basic approach for
conducting performance assessments has not changed. Research and development in this
area is primarily funded and performed by U.S. Government agencies and private industry
involved in the management of radioactive waste materials.
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NETEC Seminar

1. BACKGROUND

This seminar constitutes phase 1 of the TACIS Project "Improvement of non NPP

Radioactive Waste Management in the Moscow Region" developped by CASSIOPEE

consortium and by RADON Moscow NPO.

The aim of the seminar is to expose the experience in the management of this category of

wastes in a country of the European Union. Spain was selected and thus the Seminar is to

be organized by ENRESA and held in Madrid and El Cabril (Spain). Nevertheless it was

considered useful to include in the Seminar a presentation from each of the other Western

European countries participating in the Project (ANDRA, COVRA, ONDRAF).

A proposal of seminar content was sent to RADON NPO, as shown in Table 1, with a

duration of 8 working days. After the coments of the Russian counterparts the dates were

changed and the total duration was fixed in 7 days, including a 2 days stay at El Cabril

Facility to get a deeper knowledge of the Operational procedures. The final Seminar

Schedule is given in Table 2.

This document includes the different lessons as were originally foreseen some of the

lessons have been melt in one to fulfill the schedule requirements.

2. GENERAL ASPECTS

In 1951, the Junta de Energia Nuclear (JEN, Nuclear Energy Board) was set up as the first

specialized body, with full powers over all nuclear matters.

Since the early 1970's the Spanish authorities have been amending the previous legal and

institutional regime, and the JEN has relinquished its duties concerning the different

aspects of the nuclear fuel cycle.

The Empresa Nacional del Uranio, S.A. (ENUSA, National Uranium Enterprise) was set up

with the purpose of assuming responsabilities in industrial activities of the nuclear fuel cycle,

except for radioactive waste management.

The Consejo de Seguridad Nuclear (CSN, Nuclear Safety Council) was founded in 1980 as

an independent body, generally responsible for regulation and supervision of nuclear

installations in matters of nuclear safety and radiation protection.

The Empresa Nacional de Residuos Radiactivos, S.A. (ENRESA, National Radioactive
Waste Company) was set up in 1984 as an state company, responsible for all activities
related to the management of radioactive wastes, including spent fuel.
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The JEN, currently Centro de Investigaciones Energeticas y Medioambientales y

Tecnologicas (CIEMAT), remains nowdays as a research centre in matters of energy and

environment.

3. RADIOACTIVE WASTE MANAGEMENT

Radioactive waste generation began in Spain during the 1950's in association with the first

applications of radioactive isotopes in industry, medicine and research. Spain's first nuclear

power plant began its operation in 1968. At present, there are in operation some one

thousand installations possessing the administrative authorization required to use

radioactive isotopes (small producers), nine nuclear power reactors and a tenth is now

entering the dismantling phase. There are also activities and installations pertaining to the

front - end of the nuclear fuel cycle (mining, milling and the manufacturing of fuel elements)

(figure 1).

3.1. EMPRESA NACIONAL DE RESIDUOS RADIACTIVOS, S.A. (ENRESA)

The Empresa Nacional de Residuos Radiactivos, S.A. (ENRESA) was set up in 1984 by

Royal Decree 1522/1984, to undertake the responsibility of all activities related to

radioactive waste management in Spain, thus concentrating these activities in only one

Agency. Its main mission is to ensure the safety of the population against the potential risks

associated to the radioactive wastes, and to adopt the most convenient solutions for this

purpose.

The political decision to create ENRESA arose from debates in Congress relating to the

1983 National Energy Plan (PEN 1983), one of whose parliamentary resolutions

established that the Government would create a company to take charge of nuclear and

radioactive wastes.
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3.1.1. Responsibilities

The Royal Decree by which ENRESA was founded also defined its functions, which can be

summarized as follows:

Handling and conditioning of wastes in some specific cases.

Siting, design, construction, operation and long term management of centralized

storage and disposal facilities.

Setting up of the necessary systems for collection, transfer and transport of radioactive

wastes.

Management activities derived from the decommissioning of nuclear installations.

Conditioning of the uranium mining and milling tailings, when required.

Support to civil protection services in cases of nuclear emergency.

3.1.2. Organization

ENRESA is a state - owned limited liability company, the shareholders of which are the

CIEMAT (Centra de Investigaciones Energeticas, Medioambientales y Tecnologicas -

formerly JEN) and TENEO (State Industrial Holding). Both institutions depend on the MIE

(Ministerio de Industria y Energia) (Figure 2). It has been conceived to operate as a

management company, the policy being the analysis, definition and control of those

activities needed to achieve the objectives, which in turn will be developed by other

companies, mainly services and engineering firms, under its direction and supervision.

The fulfilment of its objectives is largerly dependent on three factors: an efficient

organization structure, a highly qualified staff and a solid funding system. The Directing

Bodies of the company are, apart from the Shareholders General Meeting and the Board of

Directors, both preceptive, the Presidency, the General Manager and the Directors of the

different areas. Besides, there exists a Committee of Directors with an advisory capacity.

3.1.3. General Radioactive Waste Plan

In accordance with the Royal Decree of its creation, ENRESA shall draw up, within the first

six month of each year an Annual Report, which shall contain at least the following.
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Operation carried out during the previous financial year.

The General Radioactive Waste Plan, which shall include a revision of all necessary

actions required and technical solutions applicable over the timescale of activity of the

radioactive wastes; the updated economic-financial study should include the cost of the

aforementioned activities.

This Annual Report shall be submitted by the Ministry of Industry, to the Government for

approval, which shall be given where applicable, and shall then be presented to the

Parliament:

As may be appreciated, the document known as the General Radioactive Waste Plan is the

essential planning instrument in this area. Although to date ENRESA has presented a

project for this Plan every year, in some cases the modifications with respect to the

previous year have been so minor that the MIE as not considered it necessary to undertake

a complete modification of the Plan. To date there have been three General Radioactive

Waste Plans: the first published in October 1987, the second in January 1989 and the third,

which is currently in force, in July 1991.

This Plan is analyzed by the Government, along with ENRESA's activities in each financial

year; following approval, a report is presented to the Parliament, normally via the

Congress's Commission for Industry and Energy.

The basic content of the Plan consists of an analysis of the situation in those countries

which have the most important nuclear programmes, and continues with a definition of the

radioactives wastes, generated and stored in Spain and forecasts for future generation, as

well as a description of the management strategies for each radioactive waste type existing

in Spain.

As a result of development of the management strategy for low and intermediate level

wastes, described in the first Plan published in 1987, the El Cabril facility, the key element

for management in Spain of this type of waste, was constructed and licensed. Strategies

have also been defined for the temporaty storage of spent nuclear fuel and for final

disposal of high level wastes.

An aspect peculiar to Spain is the fact that ENRESA is responsible also for the

decommissioning of nuclear installations and for the rehabilitation of tailing dykes from

mining activities.

The Plan continues by establishing basic economic hypotheses, including forecasts for

waste management costs, this covering decommissioning of nuclear installations, and

definition of income to be received via the electricity tariffs to cover these costs.
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The Plan finishes by dealing with the research and development activities required for

implementation of the strategies defined, including a summary of the contents of the

ENRESA Research and Development Plan contemplating the activities to be carried out in

this area during the period 1990 to 1994.

The most outstanding characteristic of the ENRESA planning systems is the mechanism

used for annual correction, which includes the experience of both the company itself and

other countries, thus providing the system with the flexibility required to take the fullest

possible advantage of whatever technology breakthroughs might be made.

3.1.4. Financing System

In accordance with Royal Decree 1522/1984, authorizing the constitution of ENRESA, the

costs of all radioactive waste management activities are to be financed by those

responsible for generating the wastes.

The system established for the nuclear power plants consists of establishing a fee based

on a percentage of the total billing of electrical energy sales by the entire electricity sector,

this serving to generate up - front funds, while in the case of other producers (small

producers) payment of services is by a tariff applied when the wastes are actually removed.

The aim of the financial system is that the electricity consumer should pay the costs

involved in treating and disposing of the wastes generated today, final management of

which will take place may years into the future. This system rules out any excuses by those

responsible on the grounds of incapacity to meet these responsibilities due to lack of

financial resources.

More specially, this system includes collection by ENRESA of a percentage of total

electricity billing, regardless of the origin of the electricity in question, a percentage which

currently stands at 1.2%. The accumulated funds, the difference between income and

current costs, are administered by ENRESA and a supplemented by the corresponding

financial yield. ENRESA is a non-profit making organization, since the dividends on the

company's very small share capital (600 million pesetas) are purely symbolic.

4. INSTITUTIONAL AND REGULATORY FRAMEWORK

In Spain, the Ministerio de Industria y Energia (MIE, Ministry of Industry), plays a major role

in the control of nuclear activities, since it is generally responsible for enforcing nuclear

legislation. The CSN was founded as the only competent body in matters of nuclear safety
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and radiological protection, and is generally responsible for the regulation and supervision

of nuclear installations. The State Secretary for the Environment, under the Ministry of

Public Works, Transport and Environment participates in the licensing process, in

collaboration with the CSN, in the Environment Impact Assessment.

4.1. NUCLEAR SAFETY COUNCIL (CSN)

The CSN was set up under the Act of 22nd April 1980, and is generally responsible for the

regulation and supervision of nuclear installations.

This body, governed by public law, is independent of the State Administration and reports

directly to Parliament. It consists of a Chairman and a Board composed of four members.

The Chairman and the Board members are appointed for a period of six years, renewable

by the Government, after consultation of the Minister of Industry, and on a favourable

opinion of a least three - fifths of the members of the competent Committee of the

Chamber of Deputies.

The Council's funds come from appropriations under the general State budget and from the

Council's own resources. The Counsil obtains funds through a special charge for services,

rendered, which has been established especially for this purpose. It is also levied on the

issue or renewal of licenses for operating staff at nuclear and radioactive facilities.

In regulatory matters, the CSN cooperates with the Government to draw up or review rules

concerning nuclear safety or radiation protection.

In the licensing process, the CSN submits reports to the MIE on the issuing of the licenses

required for nuclear and radioactive installations, the transport of nuclear substances and

radioactive materials and the manufacturing of nuclear and radioactive components.

In the field of radiation protection, the CSN has the power to supervise, nuclear or

radioactive installations, component manufacturing plants and transport, in order to ensure

that the safety requirements are complied with.

4.2. NUCLEAR AND RADIOACTIVE INSTALLATIONS

Two broad categories of installations are contemplated in the Spanish legislation: the

nuclear installations, comprising the nuclear power plants and nuclear reactors, facilities

using nuclear fuels either to produce nuclear substances or where nuclear substances are

treated, and facilities to store nuclear substances.
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The radioactive installations, in which three different categories are included.

Category 1: Facilities for the production of uranium or thorium, natural uranium fuel

fabrication plants and industrial irradiation facilities.

Category 2: Those installations where nucleides with total radioactivity over certain limits

are stored or handled, x-ray apparatus (> 200 Kv), accelerators and installations to store

neutron sources.

Category 3: Those installations, to store or handled nuclides with a total radioactivity under

certain limits and x-ray apparatus (< 200 Kv).

4.3. LICENSING PROCESS

All nuclear and radioactive installations require authorizations, to be granted by the MIE

(Figure 3). Depending on their nature, these installations are subjected to different licensing

procedures, which are conducted by the MIE. Any license granted by the MIE has to

incorporate the corresponding preceptive and legally binding report of the CSN, as well as

the "Environment Impact Statement" of the Directorate General for the Environment, under

the Ministry of Public Works, Transport and Environment.

The nuclear and radioactive installations falling within the first category require: a

preliminary license for site approval, a construction license and an operating license.

The various types of licenses required for nuclear and radioactive installations falling within

the first category are issued by the MIE, subject to any special rules laid down by the

Autonomous Communities.

Prior to issuing the preliminary license for site approval, the Minister consults the local

authorities concerned and the Autonomous Bodies, whose opinions are forwarded to the

CSN. The later draws up a report for the MIE. Construction and operating licenses are

granted by the MIE according to a technical report by the CSN.

All licenses required for radioactive installations falling within the second and third category

are granted by the Directorate - General for Energy, unless otherwise required by the

Autonomous Communities.

In addition, a separate construction license is required from the local authorities (Municipal

Council of the site). This license needs previous report form the Provincial Land Planning

commission when -as usual- the site is not placed in an Industrial Qualified Area.
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5. LEGAL ASPECTS

Spanish nuclear legislation is based fundamentally on two standards having the formal

status of law, these being analyzed below. One of these standards dates back to before the

1978 Constitution, while the other is subsequent to the Constitution and consequently more

coherent with its contents.

The Spanish Nuclear Energy Act, which was passed in 1964, may be considered as being

obsolete. This Act related fundamentally to organizational aspects, and regulated the JEN

"Nuclear Energy Board", a body which has sinve disappeared as such; as will be seen

below, all the aspects have been modified without any modification to the Law in question,

as a result of which it is now in disuse. Aspects relating to research and the exploitation of

radioactive ores have also been substantially modified by the legislation governing mining.

The only aspects of the Law currently survirving are those which refer to the safety and

licensing of installations; consequently, the Regulations governing the licensing of nuclear

and radioactive facilities and the protection of workers and the public against ionizing

radiations, and the standards regulating insurance against and compensation of nuclear

damage, continue in force. Although certain of these Regulations were modified during the

1980's, they continue to formally regulate the original stipulations of the 1964 Law.

The Law does, however, address in great detail the issue of liability and indemnity for

nuclear damage.

The Law passed in 1980, subsequent to the Constitution, created the Nuclear Safety

Council as a body under public law and independent from State Administration. As

established in article 1 of the aforementioned Law, the Nuclear Safety Council is the only

competent authority for matters relating to nuclear safety and radiological protection.

As a result of this, the report issued by this body, which is binding when its findings are
negative, is a mandatory step in the process of licensing of all nuclear and radioactive
installations.

Another highly important consequence of this Law, contemplated under heading 4 of article

3 there of, is that any authorizations of licenses relating to nuclear or radioactive

installations and to be awarded by a public administration cannot be denied or conditioned

on grounds of nuclear safety, since all determinations in this area correspond exclusively to

the Nuclear Safety Council.

This Law reinforces the aforementioned general conclusions, since a single

administrationally independent State organization reporting directly to Parliament, assumes
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all the authority for nuclear safety and radiological protection, and is therefore assigned

ample attibutes and responsibilities and provided with the human and financial resources

required for performance of its functions.

Finally, it should be pointed out that the main regulatory provisions specific to the nuclear

sector, as regards the licensing of radioactive installations, are the following:

The Regulations governing nuclear and radioactive installations (Decree 2869/1972, of

21st.July).

The regulations governing protection against ionizing radiations (Royal Decree

53/1992, of 24th January).

The Royal Decree on Environmental Impact (Royal Decree Law) 1302/1986, of 28th

June).

With regard to standards coming into force since ENRESA was created, it would be

interesting to mention the Ministerial Order passed on 30th December 1988, which

established economic compensations for municipal areas housing disposal facilities, this

possibly being a positive factor as regards social acceptance of potential sites.

With the exception of the above, no specific standards applicable to radioactive waste

disposal facilities have been developed up to date.

Table 3 shows a summary of the main Regulations applicable to Waste Management.

6. SEMINAR ORGANIZATION

As mentioned in section 1, Table 2 shows the Seminar Program.

The first day is intended to introduction and the waste management plan which resumes

the inventory and general policy of the country.

Second and third days are spent in the visit to El Cabril Facility, including the visit itself,

presentations on design siting and performance assessment of the facility and on public

information aspects and an open discussion about operating procedures with the

operations staff.
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In Fourth, Fifth and Sixth days the different theoretical and practical aspects of the waste

management in Spain are reviewed: Inventory, Retrieval, Transport, Waste acceptance

criteria for delivery and for disposal, administrative aspects, treatment, storage, radiological

protection and surveillance, quality assurance, tracking, licensing, exemptions policy, etc.

All the seminar is focused in non NPP waste, but a more general view of all Low &

Intermediate Level Waste, including NPP waste, management has been taken into

consideration.

The last day is intended for the presentations on the experience in France, Belgium and the

Netherlands and for discussion on phase 2 of the Project.
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1. INTRODUCTION

"El Cabril" facility, owned by ENRESA, is in operation since 1992. It resolves the storage

of low and intermediate level radioactive waste in Spain up to 2010 approximately.

Wastes produced by the operation of Spanish nuclear power plants, the nuclear fuel

factory of Juzbado, the CIEMAT and waste generated by medical, research and industrial

activities (minor producers) are disposed of in "El Cabril".

The center includes a conditioning building, with compactation and incineration systems, a

laboratory for waste quality verification, as well as the necessary auxiliary building.

As it is known the licensing process of a nuclear installation requires to carry out the

evaluation of the radiological impact. The evaluation should allow to assure that the safety

and radiological objectives of the center will be met.

Hereafter are presented, on the one hand, the safety and operating requirements

contained in the operating permit, derived from the safety evaluation performed by the

Nuclear Safety Council (CSN); and on the other hand, the radiological impact assessment

contained in the Final Safety Analysis Report presented by ENRESA.

2. PARTS OF SAFETY ASSESSMENT

The safety and radiological requirements contained in the operating permit have been derived

from the safety evaluation performed. This assessment is divided in two different parts.

The first one is related to the facility active systems during the operational phase (including

organisation, management, control and surveillance programs). The second one related to the

long-term performance of the disposal system includes the institutional, or control and

monitoring period and the post-institutional phase where it is assumed any activities to take

place at the site is performed without restriction.

The first part has been developed by the application of the usual regulations and standard an

nuclear facilities, considering the specific characteristics if this facility.

The development of the second part has been based on the radiological impact assessment

contained in the Final Safety Analysis Report, taking into account the recommendations and
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methodologies of international organisations. The requirements promulgated in other countries

and the long-term radiological acceptance criteria defined by the Spanish Nuclear Safety

Council (CSN).

3. SAFETY ASSESSMENT BASES

Safety assessment of "El Cabrii" facility presented in the safety analysis report is based on:

• Safety and radiological protection goals.

• Radiological limits and regulatory conditions.

• Characteristics of waste to be stored.

• Facility design and operation.

• Site characteristics.

Each of these items are developed in the following paragraph. The first two subjects are

described in detail. On the contrary, a brief description of the last third subjects is presented

since, although they are related to safety assessment, they are not the main objective of the

lesson.

3.1 Safety and radiological protection goals

"El Cabrii" has been planned to provide a long term storage for low and intermediate-level

radioactive waste. Consequently the disposal system must satisfy two basic safety objectives:

• Ensure the immediate and deferred protection of any member of the public, and of the

environment, as well as the workers in operational phase.

• Allow the free use of the site after a maximum period of 300 years without any radiological

limitation.

Immediate protection does not pose any particular problems and in this regard it is similar to

other nuclear installations. However, long term protection implies the use of a system of

multiple barriers.
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The maximum period of 300 years was taken from the French Fundamental Safety Rule,

RFS-1.2, which have been used as a reference, and correspond to a period during which it is

reasonable to assure that construction may be prevented on the site, and at the end of which,

it is supposed that all artificial construction will be totally degraded.

This objective involves the limitation of total activity of radionuclides to be disposed of in the

facility, as well as the concentration of radionuclides in the waste.

Besides, a third objective have been adopted in the "El Cabril" project:

• To facilitate the recoverability of the waste if circumstances were to make it advisable.

The original design was modified in order to incorporate this concept, based on the use of

disposal units for the emplacement of the waste packages inside the disposal cells.

3.2 Radiological limits and regulatory conditions

In order to achieve the safety and radiological protection goals, the following radiological

limits and conditions were established:

• The total activity to be disposed of in the facility will be lower than the reference inventory.

-205-



NETEC Seminar

Nuclide

H-3

C-14

Ni-59

Ni-63

Co-60

Sr-90

Nb-94

Tc-99

1-129

Cs-137

Pu-241

Alfa Total 300 a (Bq/g)

Reference Inventory.

(TBq)

2.00E+02

2.00E+01

2.00E+02

2.00E+03

2.00E+04

2.00E+03

1 00E+00

3.20E+00

1.50E-01

3.70E+03

1.15E+02

3.70E+02

Activity limitations are derived from the radiological impact assessment of the facility in the

post-operational phases (institutional control period and free use phase) using long-term

radiological acceptance criteria. The procedure involves the consideration of ground water

migration scenarios and human intrusion scenarios. The first are highly site-specific and in

related to total activity limits of the facility. Intrusion scenarios, which may occur once the

surveillance period is over, are practically independent on the site and are related to the limits

of the radionuclide concentration in the waste, which are generally more restrictive than limits

of total activity.

• The long-term radiological criterion defined by the CSN is a risk of lO^/year or the

equivalent dose associated with this risk (0.1 mSv/year).

• The collection, treatment and conditioning waste systems have been designed to meet the

objective of "zero discharge". In order to implement this requirement, the radioactive waste

collected in the tank of radioactive liquid effluent system and of the infiltration control

network will be utilised to produce the filling mortar of the disposal units.

• By considering the expected material evolution of disposal facility, the annual effective dose

via groundwater must not be greater than 0.1 mSv, either short-term or long-term.
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• The channels for radioactive gaseous release are the outlet of the controlled ventilation

system and the incinerator stack. Both systems have been designed and operate in such a

way that the doses to a hypothetical member of the public at the limit of the restricted are,

due to all gaseous discharges to the atmosphere and considering all exposure pathways,

be as low as reasonable achievable and lower than 0.01 mSv/y.

• The dose to any member of public due to any accidental situations must be lower than 5

mSv/y and in any case lower than 1 mSv/y averaged through the individual life.

• Doses to workers due to normal operation activities must be lower than the limits of Spanish

radioactive health physics regulation and ALARA.

With a view to achieve this objective, optimum technical options were selected during the

project conceptual design phase, with remote control of operations involving radioactive

materials whenever possible. A highly accurate method for dividing the facility into zones

was devised, and maximum external and inhalation exposure dose rate values were

assigned to each such zone, depending on the residence time foreseen, for both normal

operation and maintenance activities. The design objective adopted was a maximum dose

per worker of 5 mSv/y. The ventilation and biological shielding system were designed to

comply with the aforementioned criteria.

• Dose to an intrudent derived from the postulated intrusion scenarios considered in the

French Fundamental Safety Rule, RFS I-2, must be lower than the limits mentioned above

for the case of accidental scenarios, 1 mSv/y.

There was not discussion about the probabilities of these scenarios as in the RFS I-2, it is

assumed that this intrusion occurs 300 years after the end of the operation period.

• A further, more realistic, intruder scenario was also considered, where a lapse of 500 year

after the end of the operation period is assumed, on account of the actual, specific disposal

system. A smaller limit (0,1 mSv/y) must be fulfilled in this case.

• Duplicate archives in two different places will be maintained during the operational phase in

order to keep all the necessary information at the moment of the closure. Such information

shall include at least: a) the data related to the waste containers (including manufacture,

identification, location in the storage cells, waste origin, type and conditioning process, as

well as radionuclide content), b) the information related to each storage cell (including
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design and manufacturing data, chronological and technical data of the cell occupation,

results of the infiltration control network surveillance and potential anomalies) and c) the

results of the site and environmental surveillance programs.

Moreover, it has been required that the computerised system shall have capacity to provide

information, on the waste received, treated, conditioned and disposed, as well as the total

activity disposed at the time.

• The following experimental studies have been required to know the long term actual

performance of the disposal system: a) a radioactive waste characterisation program,

including the necessary tests to verify the lixiviation rate, b) an investigation plan on the

durability of engineered barriers, c) an experimental erosion study to provide the necessary

information for the final design of the cover, d) the update of the flux and transport

hydrologic model with the obtained experimental data.

Finally, the organisation structure for operation includes a quality assurance group and a

radiological protection group. The staff has the required qualifications and a training program

has been established. All activities involved in the operation of the facility are carried out

according to the approved Quality Assurance program and the Radiological Health Physics

Manual. Besides, Emergency and Physical Security Plans are arrange, and Environmental

Monitoring Program to be performed during the operation phase will be submitted for approval

every year.

3.3 Characteristics of waste to be stored

In order to guarantee compliance with safety criteria, the "El Cabril" disposal facility has

imposed a series of waste acceptance criteria limiting both total activity and the activity

per waste package, beta and gamma, and a very low limit for activity concentrations from

long-lived alpha emitters.

Qualitative and quantitative acceptance criteria on physical and chemical characteristic of

the wastes have been developed by ENRESA and approved by the CSN. Any change in

the origin, type, or conditioning process of the waste considered up to now will be subject

to the elaboration of the specific acceptance criteria and their approval.
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Solid and solidified wastes to be disposed of in the facility are defined as those whose

activity comes mainly from short-lived radionuclides (T1/2 < 30 years) with very limited

content of long-lived alpha emitters.

All radioactive waste packages must be immobilised inside disposal units prior to their

disposal. The use of these disposal units will have to be approved by the CSN after

passing the structural test as well as the transport regulations for A type packages.

Waste packages are classified in two levels according to the activity content. Waste

packages are of level 1 if the specific activity when generated is lower than the values:

Total alpha specific activity (long-lived emitters) 1,85 E+2 Bq/g

Beta-gamma specific activity by isotope with

half-life > 5 years, except Tritium 1,85 E+4 Bq/g

Total beta-gamma specific activity due to

half-life > 5 years emitters 7,40 E+4 Bq/g

Tritium specific activity 7,40 E+3 Bq/g

Waste packages whose activity go beyond this limits are classified as level 2. The specific

activity of these waste packages should be lower than the specific activity defined for the

disposal unit.
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Nuclide

H-3

C-14

Ni-59

Ni-63

Co-60

Sr-90

Nb-94

Tc-99

1-129

Cs-137

Alfa Total 300 a (Bq/g)

Disposal Unit

(Bq/g)

1.00E+06

2.00E+05

6.30E+04

1.20E+07

5.00E+07

9.10E+04

1 20E+02

1.00E+03

4.60E+01

3.30E+05

3.70E+03

The distribution of the waste packages inside the disposal unit and of those in the storage

cells must be carried out in order to obtain a good homogeneous activity distribution. With

this objective additional limits of activity for the disposal units and storage cells have been

approved.

In application of the A LARA criteria, the peripheral places inside each storage cell will be

occupied by waste disposal units with dose rates in surface lower than 200 mR/h.

Additionally, it has been required that only disposal units with level 1 wastes can be

located on the upper layer of each storage cell. This provision ensure, according to the

evaluation of human intrusion scenarios, the compatibility with the long-term radiological

protection objectives and criteria.

3.4 Facility operation and design

The facility is divided in two zones: the disposal zone, and the conditioning and auxiliary

buildings zone.
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3.4.1 Disposal zone

In the disposal zone there are 28 storage cells grouped in two platforms: the north platform

with 16 cells, and the south platform with 12. In each of these platforms, the cells are laid out in

two rows, each of which are served by a slinging roof which moves along rails.

The storage cells have approximate external dimension of 24 x 19 x 10 m. The main element

is the bottom slab. This slab form a horizontal surface on which the containers are placed. The

bottom slab is linked to a network of pipes. This network is called "The Infiltration Control

Network" and makes the monitoring of the disposal system possible.

The waste packages, to be disposed of in the storage cells, most of them 0.22 m3 drums, are

immobilised previously inside concrete containers, called disposal units, with external

dimensions of 2.25 x 2.25 x 2.20 m.

The disposal unit are stored in piles of four levels in the storage cells, with a capacity for 320

disposal unit each.

When the waste emplacement operation are finished, the project foresees the burial of the

disposal cells under a low permeability cover, made up of alternate layers of impermeable and

drainage materials.

In summary, "El Cabril" is a type of disposal facility based on the concept of a multi-barrier

system. Three barriers constitute this system:

• The first barrier consist of the waste immobilisation matrix and the concrete storage

container.

• The second, made up by the bottom slab of the cells, the cover and the infiltration control

network, limits the ingress of water and allows whatever water might have come into contact

with the waste packages to be controlled and possibly treated, if necessary.

• The third is the geological barrier, or the surrounding terrain which limit the impact of any

potential leaching in the eventually of the degradation of the two first barriers, which are

assumed to be completely degraded in the free use phase.

3.4.2 Building zone
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The building zone houses the installations for waste treatment and conditioning and their

control, as well as the auxiliary services needed for the operation and maintenance of "El

Cabril" Center. The involved buildings directly in the waste management are the following:

• Transitory Reception Building

• Conditioning Building

• Active Laboratory for Waste Quality Verification

3.5 Site characteristics

3.5.1 Physical environment

The site is located in the south-west part of Spain, in an area of moderate seismicity. The

facility covers an area of 20 Ha located in the north part of the country estate named "El Cabril",

property of ENRESA, with a total area of 1126 Ha.

The cells have been built in a geologic formation called "Cabril", basically composed of

gneisses and mica schists.

Monthly average temperatures vary from 7 °C (January) to 27 °C (July and August). Annual

average precipitation is 653 mm, quite regularly distributed among spring, autumn and winter.

The location of the facility up on a hill, at higher elevation than near fluvial streams, makes the

probability of flooding negligible.

Main conclusions from the hydrogeological studies indicate that the materials over which the

facilities are erected can be considered as a continuous, heterogeneous, anisotropic and low-

permeability medium. Average permeability in the most transmissive area is 2 x 10"5 cm/s.

Infiltration has been estimated to vary between 10 and 43 mm/a. Maximum groundwater table

is at least 4 m under the base of the storage cells. The area drains to the "Montesina" brook

through two transfer pathways, one straight and one through the "Morales" brook.

The annual average volumetric flow of "Montesina" brook is 0.45 m3/s. This brook meets the

"Bembezar" river, that has an annual average flow of 6.07 m3/s, that finally reaches the

"Bembezar" reservoir. Both streams flow through narrow ravines.
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3.5.2 Biologic and human environment

The population density in the area is very low, with 35 people living in a radius of 10 km. In the

last decades the population in a 50 km radius area has dropped, and industrial or urban

factors capable to change the trend are not expected.

The site area is rather steep, what precludes important agricultural activities. When it exists,

agriculture is traditional, extensive and little efficient.

There are enclosed land for hunting, but there are no water collecting from "Montesina" and

"Bembezar" rivers upstream of the "Bembezar" reservoir.

4. EXPOSURE SCENARIOS

During the lifetime of the disposal facility, a number of scenarios (assuming a set of

conditions or events already taken into account in the facility planning and design) has

been considered as radionuclides may be released from the disposal facility and

potentially cause radiological impacts on individuals or the environment.

The radiological impact assessment of "El Cabril" includes two group of scenarios. The

former is relating the facility operational phase and the later refer to the long term

performance of the disposal system.

The exposure scenarios considered relating to the parts of safety assessment are:

a) Facility operational phase:

• Air and external exposure pathways both for normal evolution and accidental condition.

• Water exposure pathway is included in long-term evaluation since a conservative

assumption as control of liquid effluents meets the criterion of "zero discharge".

b) Long-term performance of the disposal system:

• Radionuclide migration water pathway both for normal evolution and accidental condition.
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• Inadvertent human intrusion.

According to the French Fundamental Safety Rule, RFS 1-2, three scenarios are

considered:

• Road construction

• Residence

• Residence and sport activities practise

Besides, agreeing with OECD/NEA methodology another scenario is evaluated:

• Permanent residence

In general the particular hypothesis for each considered scenario have been assumed to

assess the biggest doses to a critical individual, so that these scenarios can be considered

those that penalise the radiological impact, settling an upper bound.

The radiological consequences of the postulated scenarios are lower than the radiological

limits and regulatory conditions.

4.1 Facility operational phase

4.1.1 Air pathway scenarios

During normal evolution the operation of two systems which are involved in gaseous release to

the atmosphere is evaluated in order to ascertain that the dose to a hypothetical member of

the public at the unrestricted areas is below the acceptable limits. These two systems are:

• Controlled ventilation system and

• Incineration stack

Gaseous effluents come mainly from:

• Compacting process of compactable wastes coming from nuclear power plants.

• Extraction of samples of active packages in the laboratory.
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• Incineration of waste coming from minor producers, which cannot be conditioned otherwise.

• Incineration of liquid organic waste originated in the compacting process.

In accidental conditions the postulated scenarios are

• Drum handling incident causing drum integrity loss.

• Waste fire outside the incinerator.

• Confinement loss during the compacting process or abnormal operation of controlled

ventilation system.

• Abnormal operation of incineration system.

4.1.2 External exposure scenarios

During normal evolution the dose rate is assessed for exposition to

• The disposal unit located in the storage platform.

• The transport lorries loaded with drums and placed in car park near the interring reception

building.

• The drums inside buildings (interring reception building, conditioning building, active

laboratory for waste quality verification, etc.).

4.2 Long-term performance of the disposal system

4.2.1 Water pathway radiological impact

The disposal system evaluation involves the simulation of the disposal facility, the geosphere,

and the biosphere. The evaluation performed is deterministic and the upper estimated

methodology is used.

The main analysed areas are: the assessment of source term taken into account transport

inside the concrete disposal cells, the estimation of aquifer transport and the examination of

the biosphere pathways.

Also, an accidental scenario is postulated assuming a partial cover fail during the surveillance

and control period causing a direct exposure of the cells to the rainfall.
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The general and the specific assumptions, both for normal and accidental evolution are

presented following.

4.2.1.1 Simulation model - general assumptions

• The actually arrangement of the engineered barriers (long term cover, top and bottom

concrete slabs of the cells, the infiltration control network and the storage unit make up of

concrete container, mortar for immobilisation and waste package) is considered to simulate

the disposal system.

• The evaluation is performed in two successive temporal intervals: institutional period (the

first 300 years) and the post-institutional period (henceforth).

• Institutional period is characterised by the undegraded barriers multi-layer cover and

concrete barriers.

• Post-institutional period is identified with the total degradation of the cover and the other

engineered barriers. The infiltration control network is assumed failed.

• The two successive temporal phases are simulated through the change of the material

properties (mainly hydraulic conductivity) following a step function. Temporal phases are

considered stationary.

• In accidental conditions it is assumed that the cover fails. It is assumed that a 100 squared

meters of surface is damaged and remaining failed for a year before remedial activities are

performed. The evaluation is earned out considering that an equivalent disposal cells area

is exposed to the rainfall during the year the event happens.

• The activity distribution of the waste packages inside the disposal unit and of those in the

storage cells is homogeneous.

• Geosphere/biosphere interface is modelled as a river system
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4.2.1.2 Simulation model - specific assumptions

• Source term.

- The release rate during the institutional period, the first 300 years, is estimated using the

diffusion mass law for conditioned waste and the surface rinse model for unconditioned

waste.

- During post-institutional period, surface rinse is assumed as the release mechanism of

contaminants from unconditioned and conditioned waste. As the infiltration water

reached the waste the contaminant is instantaneous release.

- The release model does not take into account sorption on solid phase or limits on

release due to contaminant solubility.

- Transport model includes advection, diffusion-dispersion and sorption mechanism as

well as decay processes. Only one dimension is considered.

• Geosphere.

- As a conservative assumption transport through unsaturated zone is not evaluated.

- Radionuclide migration through saturated zone is modelled in one dimension Processes

as advection, diffusion-dispersion, sorption mechanism and decay are taken into

account.

• Biosphere.

- The critical group is located in the riverbank in a point downstream after the river meeting.

- As a framework a local agricultural system is modelled where the critical individual is able

to supply the food products he needs.

- The analysed potential pathways are:

- Drinking water.

- Fish and invertebrates.
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- Vegetable products contaminated after irrigation.

- Animal products contaminated through feeding and drinking.

- Ingestion.

- Inhalation.

- External irradiation.

4.2.1.3 Computer codes used for the evaluation

The codes employed are DUST (Disposal Unit Source Ierm) to evaluate the source term and

contaminant migration through the geosphere, and AQUABIOS to examine biosphere

exposure pathways and to assess the final dose.

Under ENRESA I+D program a code for safety evaluation for near surface radioactive waste

disposal facilities, CESARR, have been developed by The Catedra de Tecnologia Nuclear

(Polytechnic University of Madrid). CESARR allows to perform a probabilistic safety

assessment. It is linked with SYVAC3 (System Variability Analysis Code) developed by AECL

which handles the probabilistic management of the results obtained with CESARR. Besides,

results obtained with CESARR can be used directly with the code MAYDAY, which performs

uncertainty and sensitivity analysis.

4.2.1.4 Sensitivity analysis

The sensitivity analysis carried out consider variation of parameter related to the source term

and radionuclide migration through the geosphere. Regarding biosphere any parameter

variation was considered, except for those parameters which are involved at the same time in

any both source term-biosphere, or radionuclide migration through the geosphere-biosphere.

The hypothesis assumed regarding radionuclide transport through the biosphere, specially the

assumptions on location and self-sustaining degree of the critical individual, are pessimistic

enough to consider that the biosphere is treated conservatively.

The variation proposed is due, on the one hand, to the knowledge degree about the

parameter; and on the other hand, to the involved uncertainties relating to the value

determination.

The study was performed over the follow parameters:
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• Related to source term.

- Engineered barrier durability (multi-layer cover and concrete structures).

- Concrete-water distribution coefficient.

- Annual rainfall (Darcy velocity variation).

• Regarding transport through geosphere.

- Soil-water distribution coefficient.

4.2.2 Inadvertent human intrusion.

Two different studies of human intrusion scenarios have been performed. The first one

was carried out according to the French Fundamental Safety Rule, RFS 1-2, and the

second one according to the OECD/NEA methodology. The formed is considered

hypothetical and unlikely. Because of this reason the later study was undertaken and was

defined as more realistic and likely.

The general and the specific assumptions to evaluate the scenarios presented above are

described below.

4.2.2.1 Simulation model - general assumptions

• It is not conserved historical memory concerning site location.

• There is no physical barrier to prevent intrusion.

• There is not activity loss due to leaching. Radioactive decay is only considered.

4.2.2.2 Simulation model - specific assumptions.

• Road construction scenario.

- Human intrusion occur 300 years after the closure of the facility.
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- A road is constructed over and a long the disposal facility.

- A depth ditch is excavated.

- Complete mix of the wastes with the non active material man made barriers and with the

natural materials presented on the site.

- Doses received by workers due to external irradiation and dust inhalation are evaluated.

Residential scenario.

- Human intrusion occur 300 years after the closure of the facility.

- Habitual presence in areas occupied by the waste coming from extensive excavation.

- Complete mix of the wastes with the non active material man made bamers and with the

natural materials presented on the site.

- External irradiation and dust inhalation dose assessment.

Residential and sport activities practise scenario.

- Human intrusion occur 300 years after the closure of the facility.

- Habitual presence in areas occupied by the waste coming from extensive excavation.

- Complete mix of the wastes with the non active material man made bamers and with the

natural materials presented on the site.

- Sport activities practise.

- External irradiation and dust inhalation dose assessment.

Residential scenario according to OECD/NEA methodology.

- Human intrusion occurs 500 years after the closure.

- Habitual presence in areas occupied by the waste coming from limited excavation.

- Food consumption produced on contaminated soil.

- External irradiation, dust inhalation and ingestion dose assessment.
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Abstract
More than 90% of radioactive waste generated in the United Kingdom is classified as
low level and is disposed of in near surface repositories. BNFL owns and operates the
principal facility for the disposal of this material at Drigg in West Cumbria. In order to
fully optimise the use of the site and effectively manage this 'national' resource a full
understanding and assessment of the risks associated with the performance of the
repository to safely contain the disposed waste must be achieved to support the
application for the site authorisation for disposal. This paper describes the approaches
adopted by BNFL to reviewing these risks by the use of systematic Safety and
Engineering Assessments supported in turn by experimental programmes and
computational models.
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SAFETY ASSESSMENT AND LICENSING ISSUES OF LOW LEVEL
RADIOACTIVE WASTE DISPOSAL FACILITIES IN THE UNITED

KINGDOM.

1. INTRODUCTION

More than 90% of radioactive waste generated in the United Kingdom is classified as low
level and is disposed of in near surface repositories. The principal facility for its disposal
in the United Kingdom is at Drigg in West Cumbria which has been operating since 1959.
Wastes disposed of to Drigg must not exceed 4.0 gigabequerels per tonne alpha and 12.0
gigabequerels per tonne beta/gamma activity. These are upper limits and the bulk of the
waste accepted falls well below this activity content. Some of the contaminants disposed
of to Drigg, although small in quantity, have extremely long half lives, e.g. uranium, and
consequently any assessment of the performance of the site must take into account long
time scales. This paper describes the approaches adopted by BNFL to reviewing risks
associated with the safety and engineering performance of the repository. These
assessments use a variety of systematic risk assessment techniques to help define the
boundaries of the system, and to select and evaluate credible scenarios for changes in
system performance. The techniques include the use of computational models,
relationship diagrams or belief nets, fault trees, event trees and expert judgement and peer
review. The paper outlines the structure within which these tools can be used to provide a
coherent approach to the safe performance of engineered components of the design. The
approach also results in improved documentation and a better understanding of system
performance, helping to optimise the design and provide a co-ordinated input into the
Safety Case which supports the authorisation of the disposal site.

2. UK REGULATORY FRAMEWORK

2. 1 Legislation: Radioactive Substances Act 1993 (RSA '93)

The disposal of liquid, gaseous and solid radioactive waste to the environment is subject
to the provisions of the Radioactive Substances Act 1993 (RSA'93). Although a recent
Act its purpose was to consolidate an earlier one, the Radioactive Substances Act 1960
with amendments introduced by subsequent legislation including Part V of the
Environmental Protection Act 1990. RSA'60 also replaced earlier legislation; the
Radioactive Substances Act 1948. There is therefore a long-established legal framework
in the UK for exercising control over radioactive wastes.

Limits and conditions on the disposal of radioactive wastes are detailed in site specific
Authorisation Certificates. Over 1100 sites in England and Wales are authorised. The
majority of these consists of hospitals, universities and industrial research or
manufacturing centres. These are generally referred to as 'non-nuclear sites'. The more
significant radioactive discharges however are from a relatively small number of sites
licensed under the Nuclear Installations Act 1965. These are generally referred to as
'nuclear sites' and are also authorised to dispose of radioactive wastes. These nuclear
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sites include nuclear fuel fabrication and reprocessing plants, nuclear power plants,
atomic research establishments and isotope production centres. (Ref. 1)

2.2 Regulatory Authorities

The Environment Agency (the Agency) is responsible for administration and enforcement
of RSA'93 in England and Wales. Separate but similar arrangements exist in Scotland
and Northern Ireland where the Scottish Environment Protection Agency (SEPA) and the
Environment and Heritage Service are the respective regulatory authorities.

The Agency was established on 1 April 1996 by the Environment Act 1995. It is a non-
departmental public body (NDPB) which took over the functions, powers and duties of
its predecessor bodies, the National Rivers Authority, Her Majesty's Inspectorate of
Pollution, and the Waste Regulation Authorities.

The Agency has widespread responsibilities under environment legislation for
management and regulation of the water environment, and for controlling industrial
pollution and waste including, those arising from the nuclear industry. Bringing these
together in a provides the opportunity for more coherent and integrated environmental
protection, and for a more streamlined service to industry and the public.

The Nuclear Installations Inspectorate also has a roll in respect of Nuclear Safety on site
and in the issuing of the Site Licence.

3. AUTHORISATION OF DISPOSAL FACILITIES.

For the purpose of implementing Government Policy on radioactive waste management,
and after extensive consultation, the environment agencies have prepared Guidance on
Requirements for Authorisation of Disposal Facilities on Land for Low and Intermediate
Level Radioactive Wastes. Amongst other things this guidance set out principles and
requirements for disposal of low and intermediate level wastes. (Ref. 1)

3.1 Principles

The essential principles are

Principle No. 1 - Independence of safety from controls

Following the disposal of radioactive waste, the closure of the disposal facility and the
withdrawal of controls, the continued isolation of the waste from accessible environment
shall depend on actions by future generations to maintain the integrity of the disposal
system.

Principle No 2 - Effects in the future
Radioactive wastes shall be managed in such a way that predicted impacts on the health
of future generations will not be greater than relevant levels of impact that are acceptable
today.
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Principle No 3 - Optimisation (as low as reasonably achievable)
The radiological detriment to members of the public that may result from the disposal of
radioactive waste shall be as low as reasonably achievable, economic and social factors
being taken into account.

Principle No 4 - Radiological protection standards
The assessed radiological impact of the disposal facility before withdrawal of control over
the facility shall be consistent with the source-related and site-related dose constraints
and, after withdrawal of control, with the risk target.

3.2 Requirements

The associated requirements are.-.

Requirement Rl - Period before control is withdrawn (dose constraint)
In the period before control is withdrawn, the effective dose to a representative member
of the critical group from a facility shall not exceed a source-related dose constraint. Also
during this period, the effective dose to a representative member of the critical group
resulting from current discharges from the facility aggregated with the effective dose
resulting from current discharges from any other sources at the same location with
contiguous boundaries shall not exceed an overall site-related dose constraint of 0. 5
mSv/y.

Requirement R2 - Period after control is withdrawn (risk target)
After control is withdrawn, the assessed radiological risk from the facility to a
representative member of the potentially exposed group at greatest risk should be
consistent with a risk target of 1CT6 per year (i.e. 1 in a million per year).

Requirement R3 - Use of best practicable means
The best practicable means shall be employed to ensure that any radioactivity coming
from a facility will be such that doses to members of the public and risks to future
population are as reasonably achievable.

Requirement R4 - Environmental radioactivity
It shall be shown to be unlikely that radionuclides released from the disposal facility
would lead at any time to significant increases in the levels of radioactivity in the
accessible environment.

Requirement R5 - Multiple-factor safety case
The overall safety case for a specialised land disposal facility shall not depend unduly on
any single component of the case.

Requirement R6 - Site investigations
The developer shall carry out a programme of investigations to provide information
necessary for the safety case and to demonstrate the suitability of the site.
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Requirement R7 - Facility design and construction
The facility shall be designed, constructed, operated and be capable of closure so as to
avoid adverse effects on the performance of the containment system.

Requirement R8 - Waste form and characterisation
The developer shall derive waste acceptance criteria consistent with assumptions made in
assessments of the performance of the system and with the requirements for handling and
transport.

Requirement R9 -Monitoring
In support of the safety case, the developer shall carry out a programme to monitor for
changes caused by construction of the facility and emplacement of the waste.

Requirement RIO - System of records
The developer shall set up and maintain a comprehensive system of records for the
recordings of detailed information on all aspects of the project affecting the safety case.

Requirement Rl 1 - Quality Assurance
The developer shall establish a comprehensive quality assurance programme for all
activities affecting the safety case. This shall include supporting activities such as
research and assessment.

The United Kingdom has a well established national framework for radioactive waste and
substantial experience in regulating the disposal of solid low level waste by near surface
disposal. In order to satisfy and support the application for the licensing and
authorisation for disposal at the Drigg Site a programme of technical work has been
running for a number of years. This work has centred upon the Safety Assessment and
Engineering Risk Assessments for the disposal facility.

4. SAFETY AND ENGINEERING ASSESSMENTS

The purpose of near surface disposal is to isolate radioactive waste so that it does not
result in undue radiation exposure to workers, members of the public and the
environment. Consideration of safety therefore needs to be included for long term
aspects, in particular, after closure at times when there may be assumed to be no
management or monitoring associated with the site.

In terms of radiological protection, the principal objective of radioactive waste
management is to ensure that exposure of individuals does not exceed acceptable levels
and that exposures are as low as reasonably achievable, social and economic factors
being taken into consideration (ALARA). This approach has been developed and
endorsed internationally for many years. Some of these exposures may be expected to
occur, for example, due to gradual leaching of radionuclides into groundwater and
subsequent transport to humans. Assessments may therefore need to project site and
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facility behaviour for time periods of the order of hundreds or even some thousands of
years. Difficulties with projecting site and facility behaviour for these times distinguish
post-closure assessments from typical operational safety assessments. Some types of
exposures may only occur if certain events take place. Examples of such events are
earthquakes and unusual weather conditions.

Events induced by human activities may also lead to exposure. Unfortunately there is no
technical or logical basis for predicting the future actions of mankind. One of several of
the following measures may be envisaged to limit the consequences associated with
human activities: establishing concentration limits for specific radionuclides,
implementing institutional control or setting design criteria such as a minimum depth for
the disposal facility.

Although safety assessments play a role in all stages of a near surface disposal facility, as
shown in Figure 1, their use is of greater importance in the stages following early
concept development and site selection. Such assessments, inconjunction with the
engineering assessments, can then be developed to assist in system optimisation and
facility design by carrying out comparative assessments for various combinations of
alternative waste packages, disposal modules and site management and closure measures.

The completeness and robustness of the safety assessment will in turn depend on the
extent and quality of the data in terms of site characterisation, waste package
performance and the role and performance of other engineered barriers. Close co-
ordination of the safety assessment and the supporting data acquisition programmes is
therefore necessary, with the safety assessment being a very valuable means of
identifying and prioritising supporting research and development work.

Safety assessment plays a central role and may be used for multiple purposes during the
development of a near surface disposal facility. Because these various uses may require
different levels of detail and analysis and imply different data needs, it is imperative that
the objective of the safety assessment be clearly defined in accordance with the particular
application.

4.1 The Safety Assessment Process

The process of safety assessment for near surface disposal of radioactive waste requires a
wide variety of information in order to describe the behaviour of the disposal system and
to provide reasonable confidence in the achievement of compliance with safety and
regulatory requirements. The process is shown in Figure 2 and involves the following
activities: ( Ref. 2 ).

• description of the disposal system, including site, wasteform and engineered structures

• determination of conceptual models of the behaviour of the system and its
subcomponents
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• identification and description of relevant scenarios

• identification of the pathways potentially leading to the transfer of radionuclides from
the repository to humans and the environment

• implementation of appropriate models

• evaluation of the system performance, and

• verification of compliance of the assessment results with the design goal through
critical review.

A conceptual model of the near surface disposal system is a description in terms of the
general features present and their detailed characteristics. Amongst the most important
features are those that identify the relative significance of possible radionuclide transfer
routes, known as pathways. Through time, natural phenomena and human activities are
expected to alter the characteristics of the system. A picture of that future situation and
events is called a scenario. Scenarios deal with natural phenomena and gradual or abrupt
changes in conditions that may lead to changes in the repository performance over time.
These future situations are usually assessed for near surface disposal by using a
deterministic analysis to model the performance of the facility under reasonably expected
conditions. The assessment results, including identification of uncertainties, should be
compared with the design goals and regulatory criteria. Probabilistic analyses to deal
statistically with random events or parameters whose values are uncertain or variable are
currently being evaluated as potential safety assessments techniques.

Characterisation of the system and description of the pathways requires appropriate data
to be acquired through field or laboratory experiments. Scenario analysis involves the
identification and definition of phenomena which could initiate or enhance the release of
radionuclides from the repository and subsequent exposure to humans. Description of
these phenomena can also initiate data gathering. Throughout the iterative process of
safety assessment, additional data collection may be required that is focused on the
parameters identified as important for safety of the repository.

To reach the goals assigned to the various uses of safety assessments several iterations of
the assessment process should be performed. Activities can be iterated as shown in
Figure 2. The first step of the process should consist of performing screening calculations
in order to evaluate the ability of the proposed concept to meet safety requirements, and
to focus on the relevant radionuclides, pathways, data of release mechanisms on which
further knowledge is required. Screening calculations need only limited data on waste
package characteristics as well as identification of the major pathways. These data can
be obtained through literature search, material specifications, pre-operational monitoring
in the surrounding area and through preliminary investigations on the site and
characterisation of the waste, The process should continue through the acquisition of
additional data, for example, by field and laboratory investigations and appropriate
modelling, as the design is developed until a basis for reasonable confidence in the ability
of the repository to fulfil the assigned safety requirement is achieved.
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At the same time, relevant scenarios should be identified. Determining the relevance of
each scenario to the evaluation of the repository and site may need supporting
engineering studies and additional data collection, and require further iterations of the
safety assessment process. Such studies and analyses may also be useful in reducing
uncertainties when attempting to quantify the events and phenomena which lead to
radionuclide release and transfer. Even if safety assessments rely on conservative
assumptions and are approved as such by the regulatory body, greater uncertainty is
inevitably attached to longer term predictions. Consequently, there may be a need to
allow a period of comparison of field monitoring results with parameter values used in
the analyses. Extending monitoring into the period of active controls (or part of it) is
therefore generally considered as a useful practice and is often a regulatory requirement.

4.2 System Definition

Safety assessment of a near surface disposal system is based on a multidisciplinary
approach to system definition and on systematic analysis of possible sets of events and
processes that may affect the performance of the disposal system. The description of the
near surface disposal system requires information on waste characteristics, facility design
and site characteristics and is often called the conceptual model of the waste disposal
system. The sets of events and processes relevant to reliable assessment of the facility
safety are described in scenarios .

4.2.1 Conceptual model development

The ultimate goal of the development of the conceptual model is to provide a complete
framework which will permit judgements to be made about the behaviour of the total
disposal system. If possible, the model should have enough detail that mathematical
models can be developed to describe the behaviour of the system and its components so
as to provide an estimate of the performance of the system over time. Varying levels of
detail will be required as the iterative safety assessment is conducted and eventually a
licensing decision is made. The model should be as simple as possible but include
enough detail to adequately reproduce the system behaviour.

Development of the conceptual model usually includes the following steps:

(a) Identification and characterisation of the waste for inventory, wasteform and
container. The source term information should be detailed enough to allow adequate
modelling of radionuclide release. At a minimum, information should be provided as
a basis for the justification of a simple release model such as assuming that release
rate is a constant term. This may be refined by iteration as more information on the
waste and the disposal system is obtained.

(b) Characterisation of the disposal site by the necessary parameters, including geology,
hydrogeology, geochemistry, tectonics and seismicity, surface processes,
meteorology, ecology and distribution of local populations and their social and
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economic practices. This site information is needed to define pathways and receptors
and thus to develop a conceptual physical, chemical and biological model of the site.

(c) Specification of facility design. Before the assessment starts, the design should be
specified in terms of the material used and the components of the system. Changes in
the design, either on the basis of the safety assessment or otherwise, may require the
safety assessment to be updated.

(d) Based on the framework defined as indicated above in (a) - (c), identification of
events likely to affect the site and the facility and processes that might control
transport along pathways.

4.2.2 Scenario analysis

Scenarios depend on the environment and system characteristics, and on events and
processes which could either cause initial release of radionuclides from waste or influence
their fate and transport to humans and to the environment. The choice of appropriate
scenarios and associated conceptual models is very important and strongly influences
subsequent analysis of the waste disposal system. In the United Kingdom scenarios are
not specified by the regulators and this is described below, although the assessor may also
choose to consider others. In other countries the assessor may select the scenarios and
be required to justify the selection to the regulator.

The first step in identifying which of the many phenomena are relevant to the safety
assessment should be to establish a check list such as that presented in Table 1. It may be
helpful in developing a suitable list of scenarios to consider the following headings,
namely:

(1) processes and events of natural origin

(2) processes attributable to the waste itself or features of the near surface repository; and

(3) human activities

Some events are almost certain to occur and should therefore be used to define the
normal evolution scenario. The assumptions used in developing the normal evolution
scenario are based on extrapolation of existing conditions into the future and incorporate
changes expected to occur with the passage of time and do not usually consider major
perturbations of the system. Events which are less likely to occur may introduce
significant perturbations to. the system and require the development of alternative
scenarios. Some of these scenarios can be handled by using the same models but with
revised parameters. Other scenarios may require new models. The intended design will
probably be based on the normal evolution scenario but it may be modified to account
for the results of the assessment based on other scenarios.

A wide range of scenarios should be considered to develop as complete as possible an
understanding of the system. However, where there are options, the assessor should be
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careful to select for detailed assessment those scenarios which are most likely to occur
and have a material effect on the outcome. This selection is to ensure effective use of
expensive assessment efforts and that the design of the repository is developed in a way
that best protects human health and the environment.

Scenario development should lead to a systematic focusing of the safety assessment on
the important conditions and phenomena related to a disposal system performance. The
scenario development process should be carried out so as to cover the post-closure
safety aspects of the near surface repository adequately. Techniques such as professional
judgement, fault and event tree analysis (noted later in the paper), can be used to focus
on the important scenarios Where professional judgement is used, it is important to
record the judgements made and the factors considered in making them.

The important pathways for both undisturbed (normal) conditions, and disturbed, (non-
normal) conditions should be screened from a comprehensive set of potential pathways.
Experience shows that only a few pathways are likely to be important for the undisturbed
near surface disposal facility. They include groundwater, soil, land plants, land animals,
surface waters and aquatic animals.

4.3 Uncertainty

Uncertainty is inherent in any safety assessment. Sensitivity and uncertainty analyses
have the important goal of increasing understanding and reducing, where possible, the
uncertainty in some of the results of the safety assessment by directing attention to the
better definition of those parameters that may affect uncertainty. The analysis of
sensitivity and uncertainty are closely related. Sensitivity analysis helps to identify those
parameters, system components or processes that produce significant effects on the
predicted disposal system performance. Identification of sensitive conceptual model
components and important scenarios is usually done through application of systematic
parameter variation. Each scenario may require its own distribution of parameters.
Often bounding values for the expected case are used to investigate system behaviour
under uncertainty. Statistical techniques may also be employed to explore the whole
range of expected parameter variation.

Two main sources of uncertainty are recognised for near surface disposal. One is the
uncertainty inherent in the description of the disposal system, the site characteristics and
the engineered features of the repository. Associated with this uncertainty is the
uncertainty inherent in the behaviour of the systems and their interaction with the
environment. The other source of uncertainty results from changes in the environment
with time and resulting changes in the site and engineered features of the repository.

Uncertainty may be related, therefore, to either;

(1) system properties or the processes which operate on the system; or
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(2) the difficulty of predicting the evolution of the facility and its environment over the
long periods of time.

The first source of uncertainty can be reduced by improving data quality, the design of
the facility, the conceptual model and the scenario selection. The goal should be to
reduce uncertainty to some level deemed acceptable or shown to be unimportant to the
performance of the near surface repository. The second source of uncertainty cannot be
reduced but should be examined to see its likely effects in the future. There are
difficulties in showing compliance with safety criteria over long timescales because of the
increase with time of the uncertainty associated with the results of predictive models.
This is generally counter balanced, to some extent by the decrease of the radiotoxicity of
the wastes with the time due to radioactive decay.

In recognising and then analysing uncertainty it is important to understand which of the
types of uncertainty is being dealt with. It is most difficult to deal with uncertainties such
as those inherent in formulating the conceptual model of the near surface repository or in
the scenarios developed to describe the future events and processes expected to be
important to safety of the site. If uncertainty analysis is to be carried out, it should
systematically consider the various model and scenario combinations by using various
model formulations for differing levels of detail.

A major source of uncertainty in scenario development stems from the potential for
missing an important scenario. Peer review of the scenarios chosen can help reduce such
uncertainty. Generic studies that have laid out sets of potential pathways can be of
assistance.

Similarly, uncertainty in development of the conceptual and numerical models of the site
can perhaps be best considered by peer review. The general trend is to use simple
models for ease of explanation and for computational efficiency. The uncertainty
associated with the simplification existing in building the conceptual and numerical
models can often be determined by additional modelling studies and data collection.
Again, the modular approach and careful analysis of intermediate computational results
can lead to a more detailed understanding of the system. This in turn can increase the
chances of error detection and can lead to an overall reduction in model uncertainty.
However, an over complex model demands greater quantities of data, which may
themselves be uncertain and lead to greater uncertainty in the results.

Inherent uncertainty arises from attempting to predict future events. Some of these
uncertainties can be disregarded following careful examination of extreme or bounding
scenarios or from the results of probabilistic assessments but only if they have little effect
on the performance of the repository system. Other uncertainties, particularly those
associated with human activities dictated by future socio-economic conditions or major
changes in climatic conditions, may in principle have a significant effect on the exposure
of humans in the future yet are not readily amenable to quantified predictions. In such
circumstances to impose artificially generated values which disguise this problem could
lead to a spurious impression of accuracy and produce misleading results Safety
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assessment is based on a conceptual model whose prime purpose is to provide a
framework in which to allow analysis to proceed. Where suitable mathematical models
can be derived and the data exists then predictions can be quantitative. When this is not
the case then only qualitative deductions can be made; perhaps rating risk as high,
medium or low according to circumstances. This does not invalidate the assessment
process but renders it more dependent on the assessor's judgement, supported where
possibly by calculation. Within this framework, however, the basis for the judgement
should be carefully documented for examination as part of the safety assessment. The
assessor should be careful that the reliability of information available is reflected in the
level of calculation detail provided in the assessment, which should therefore change
according to the length of time into the future being considered.

4.3.1 Sensitivity Analysis

The system should be analysed to determine how and to what degree the predicted
behaviour of the near surface disposal facility depends on the conceptual model used, the
scenarios that are applicable to the model and variation in the parameters used to
describe the system as input to the model. If the results are sensitive to initial and
boundary conditions then the assessor may have to seek more extensive data, including
revised measurements from the site. Sensitivity analysis is undertaken by means of a
systematic examination over a reasonable range of parameters with the objectives of
seeking out the most sensitive areas of variation. The process should look at the model's
sensitivity to different scenarios and reasonably expected exposure pathways. If it is
determined that the assessment is sensitive to these parameters, consideration should be
given to their further evaluation.

Simple parameter variation including variation of combinations of parameters is the most
common approach to sensitivity analysis for near surface repository safety assessment.
Consideration should be given to extreme but reasonable variation of some parameters
because this may change the relative importance of different pathways and cause the
model to be no longer applicable.

Various variational methods can be used for this task, but the analysis should be
structured with care to ensure that the combinations that are chosen by the computer
code are not impossible, or physically unrealistic. In addition, the output from the
exercise should be structured to preserve the information needed to determine the
sensitive combinations and to identify sensitive parameters.

Sensitivity analysis should guide the iterative process used for improvement of the model
formulation, scenario development and gathering of additional data. Sensitivity analysis
results can be used to indicate where design features should be effectively improved to
yield better performance.
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4.3.2 Uncertainty Analysis

Parameter uncertainty is the type of uncertainty most often addressed by uncertainty
analysis. This is usually done by concentrating on those parameters shown by sensitivity
analysis to be important for defining the result of the safety assessment. Methods
commonly used are related to the sensitivity analysis techniques of single variable or
multi-variable variation with the goal of developing bounds for the predicted performance
of the near surface repository. Bounding analyses should produce fully adequate
information on the variability of performance related to expected variation in
environmental and engineering parameters. It should be noted that because the systems
are so complex using extreme values on a parameter-by-parameter basis may not yield the
bounding behaviour of the system. Monte Carlo analysis can also provide distributions of
expected results based on statistical analysis of estimates of input parameter variation.
When developing the input distributions for the Monte Carlo analysis and correlation
between the parameters, the assessor will need to have access to expert judgement, which
should be elicited in a formal and recorded manner.

5. ASSESSMENT TECHNIQUES

In order to meet the Regulatory requirements and so allow the continued disposal of low
level radioactive waste the operator must demonstrate compliance with the Principles
and Requirements noted earlier in the paper.

For the soundness of all decisions based on the results of a safety assessment it is also
essential that the results deserve a high level of confidence. Scientists, regulators,
decision makers and, if possible, the public should all have confidence in the information,
insights and results provided by safety assessments. This section discusses what can be
done to ensure that safety assessments deserve a high degree of confidence, as a result of
being under pinned by a Technical and Engineering Assessment Programme.

Safety assessors may find it very helpful to use a modular systems approach to mode! the
potential release and transport of radionuclides through selected environmental pathways
to humans. This will ensure that individual sub-models can be made available for
inspection to assist in understanding how estimated doses were determined. The model
will usually consist of the following discrete sub-models: infiltration and leaching, near
field transport within and near disposal units, groundwater transport, surface water
transport, atmospheric transport, uptake by plants and animals, and dose to humans. A
modular approach also allows flexibility and reduces effort when only parts of the system
need sophisticated modelling in order to ensure that the results are technically defensible.
The benefits of this approach can be significant when sophisticated models are used to
provide added assurance that the disposal site and the facility will perform in an
acceptable manner.

The source term used in the model should be representative of potential releases of
radionuclides from various waste forms under the identified range of environmental
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conditions and should consider degradation of engineered barriers, for example, such as
cover systems and concrete structures. Early models are likely to be simple but as
understanding of the system develops it may become necessary to employ more detailed
models to ensure that the system is adequately represented. But the models should be
simple enough to be compatible and commensurate with available data, or the result
could be a greater uncertainty rather than an improved accuracy. The assessor must use
judgement here to ensure a proper balance between using simple models and
conservative data and more detailed models that may need some data not readily
available. This does not preclude the assessor from using more complex models of parts
of the system to improve the understanding of the phenomena involved. Examples of
such sophisticated models might be the use of finite element groundwater codes to assess
hydrologic boundary conditions and temporal variability of water levels if physical
characteristics or groundwater monitoring suggest the need to understand changes in the
system at an advanced level of sophistication.

Reasonable conservatism should be built into the safety assessment modelling from the
beginning. A simple modelling approach is likely to be more efficient, cost effective, and
defensible. Assumptions should be formulated based on available data and knowledge of
the system or similar systems, to avoid underestimating release and transport of
radionuclides or, if required, the exposure of the inadvertent intruder. Worst analyses
are not necessarily required to demonstrate that the public and the environment will be
adequately protected. Any decrease in the original conservatism used in the analysis
should be based on a more detailed understanding of the waste disposal system and will
require a more rigorous defence. This should be achieved by additional modelling efforts
or refined data. Since a defence of the results can be the most difficult aspect of an
assessment, any approach to make the defence easier will be a long term benefit. An
approach which balances simplicity, conservatism and realism, is likely to be the starting
point for assessments.

The model should be consistent with the assessment objective; easy to use (considering
the complexity of the system); and one for which the data can be obtained. The model
should be appropriate for the application, the algorithms should be accurate, the
assumptions should be reasonable, and the input data representative.

The modelling approach selected should be fully documented along with the matters
considered as it is developed

5.1 Engineering Assessments

At Drigg, although site closure is not imminent, work is being undertaken on the design
of a final closure system and on the assessment of the likely performance of the
engineered components currently under consideration. These include:

• a final low permeability cap which will be constructed over both the trenches and the
vaults, and is intended to help isolate the waste from surface processes and to reduce
the ingress of surface water into the repository.
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• 'cut off walls around the perimeter of the facility to limit possible future ingress of
water into or egress of leachate.

• a drainage system to collect and control the movement of water and leachate from
and around the repository.

Although preliminary designs for these and other components exist, the final design has
not been fixed, but forms the focus for a research programme within BNFL aimed at
optimising the engineering and design of the final closure system. The objective of this
research is to ensure that a safe and cost-effective closure solution is selected.
The approach adopted for the Engineering Risk Assessment (ERA) employs a variety of
systematic risk assessment techniques to gain an insight into the likely operation of the
closure system or the repository. The conventional definition of risk is used for this work

• Risk = likelihood x consequence

An important criterion in the development of the methodology was that it should be
holistic, flexible and easily modified to accommodate design changes and the
developments in understanding or knowledge that will inevitably occur during the
lifetime of the project The ERA was therefore conceived as organic and capable of
changing in response to the needs of the PCRA and design teams, whilst supporting a
well documented audit trail. ( Ref. 3 )

The conceptualisation of the closure system was undertaken in five stages:

• definition of boundaries and system diseggregation

• development of a conceptual framework

• identification of key events

• event sequence and scenario development

• selection of time slices and performance assessment

The interrelationship of these stages is shown in Figure 3 and described below.

5.1.1 Definition Of Boundaries And System Diseggregation

The boundaries of the closure system were determined and the system was then
disaggregated into its key components ( Figure 2).These included obvious features such
as the cap, cut off walls, drainage arrangements, waste, and local geology. The influences
on the closure system were deliberately left constrained, and were taken as anything
which could affect the performance of the closure system whether these lay within or
outside the proposed physical boundaries of the engineered system.
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Within this framework important events (drivers) were identified that could initiate
changes in system performance. These included internal drivers such as a change in
waste state and inappropriate design and construction as well as external drivers such as
tectonic events, climate change and demographic change. The consequences of a
change in system performance were next reviewed and described in terms of changes in
the rates of generation and release of contaminants. The approach used was similar to
that advocated by several organisations and is essentially aimed at establishing a broad
understanding of how system performance may be influenced by internal and external
factors.

5.1.2 Development Of A Conceptual Framework

Following establishment of the initial lists, the data was organised and grouped
diagrammatically. Possible relationships between components were identified and
recorded as linkages. The resulting 'belief net' uses a systems analysis approach to depict
the influences on and interactions between the closure system components. In doing so,
it provides a conceptual map for guiding the disaggregation of the system into its
principal components and its subsequent analysis.

For example, climate change may promote a change in the effective rainfall which could
result in surface erosion of the cap leading to a reduction in the efficiency of the cap and
an increase in infiltration rates. This increase in infiltration may increase the moisture
content of the waste and result in a change of the waste state. The change in waste state
may, in turn, result in structural deformation within and around the waste leading to
settlement of the cap and the development of cracks in the cap. These will probably
reduce cap efficiency and further increase infiltration to the waste.

In the assessment of a closure system the identification of feedback loops is considered
important, as a recursive event may lead to accelerated and premature failure, and/or the
propagation of complex failure modes through the system which affect previously
unrelated areas. It is likely that much of the uncertainty affecting the performance of a
closure system over time is due to the effect of feedback loops. It therefore follows that
major design improvements may result from including engineered or natural systems to
moderate or prevent feedback loops occurring or propogating. In the example given an
appropriate response may be to design the cap to resist cracking. This example is
obvious, but was chosen to illustrate how the use of a belief net can help identify and
explore more subtle interrelationships.

By its very nature a belief net is never complete or comprehensive, but is merely a means
of recording at a particular point in time a group's belief and understanding of how a
system is likely to behave.
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5.1.3 Identification Of Key Events

Key events are defined as those events pivotal to the performance of the system. For
example the dominant mechanism by which contamination may be transported into the
environment is via water. A change in the rate and relative balance between inflow and
outflow from the system can therefore be used as a measure of the performance of the
closure system. After much consideration, the key events selected were:

• increased infiltration

• decreased drainage from vault or trench

5.1.4 Event Sequence And Scenario Development

Having established the key events, the next step was to describe in a succinct, logical,
and diagrammatic form the event sequences and scenarios leading to and resulting from
the key events. The belief net provided an initial framework for this process.

There is no one diagrammatic form ideally suited to this purpose , especially where a
system contains interdependencies and feedback lops which give rise to conditional
probabilities. However, it was found convenient to use a fault tree structure to
characterise the sequences leading to the key events, and to use an event tree structure to
explore and document the consequences of the key events in terms of contaminant
release.

Both fault and event trees allow the numerical analysis of the likelihood's and
consequences of events (and hence risk) to be calculated if the techniques are correctly
applied, and provided sufficient data is available.

Although the fault and event tree diagrams can appear complicated, it has been found
that maintaining a modular approach has helped to simplify the representation of the
closure system as it has avoided the need for very large and complicated diagrams with
links that cross and pass through the tree. It also avoids repeating essentially identical
branches in different parts of the system but retains the ability to describe feedback loops.

Following the development of the fault and event trees the structure was carefully
checked against the belief net for completeness and consistency, and adjustments made
to the trees where necessary. Although belief nets and the fault and event trees are
related (they are different manifestations of network diagrams) each represents aspects of
the same system in a slightly different way. The thought process which is undertaken to
develop the different diagrams is also very different. Hence the use of several approaches
helps to achieve a relatively comprehensive documented understanding of the
interrelationships and response of a system.
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5.1.5 Selection Of Time Slices And Performance Assessment

In a conventional risk analysis, the individual probabilities of each event in the fault or
event tree are introduced and then used to compute the probability of a given scenario
occurring. This data on which probabilities are based are often obtained from some form
of reliability data base or other statistically derived performance record. This approach is
clearly not possible for assessing the performance of a repository in the long term
because, the actuarial data base is to limited. In such a case it is nevertheless often
possible to identify processes and events which are analogous to the behaviour of the
closure system and which can be used to help predict its performance. This approach
uses expert judgement to assess and synthesise available information and then to predict
the likely performance of a system for which little or no observed data exists.

Expert judgement can be used to predict both the likelihood of a scenario occurring and
its consequences. However, it is less well appreciated that expert judgement can equally
be used to predict uncertainty in likelihood's and consequences. The scenarios identified
in the fault trees are therefore used as a basis for eliciting expert opinion on the
likelihood and consequence of the events as well as their associated uncertainty.

More than 150 scenarios were identified by this means. However, this number is almost
doubled when consideration is given to the different settlement characteristics of the
vault and trench wasteforms, and is further increased when other considerations such as
the response of different parts of the cap are taken into consideration. It will also be
appreciated that the response of the individual system components will be time
dependant, and in some cases will be affected by their previous performance history. For
this reason, an analysis of the system performance is required at each time slice.
Currently the time slices being considered are 100, 500, 1000, 5000 and 10000 years.
The several hundred individual scenarios already identified are therefore multiplied by the
numbers of time slices chosen to characterise the system performance.

Although the technique summarise a few thousand scenarios, it is neither possible nor
necessary to assess each of these individually. Many of the scenarios can be grouped and
a representative scenario selected for analysis, or may be considered as very unlikely to
occur and /or of marginal impact. The approach adopted for Drigg has therefore been to
use expert judgement to select the most probable and/or most damaging scenarios for
detailed consideration.

Having reduced the scenarios to a more manageable subset, expert judgement is again
used to assess both the likelihood and consequence of the event sequence and the
associated uncertainties in the assessment. Based on this data, research priorities and
design changes can be evaluated to consider how the risk (likelihood x consequence ) or
its related uncertainty can be reduced, and the performance of the system improved.

5.2 Assessment Codes.

The suite of codes developed for the Drigg assessment target the three major exposure
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pathways considered in the Drigg Post-Closure Risk Assessment (PCRA), namely:

• groundwater

• gaseous, and

• human intrusion.

The relationship of the PCRA codes are indicated in the flowchart ( Figure 4 ), along
with the exposure pathways they are associated with and the processes they simulate.
(Ref. 3 ).

5.2.1 MONDRIAN.

MONDRIAN (Migration Of Nuclides at DRIgg in an Advective Network) focuses on
the groundwater exposure pathway and is composed of 5 modules. PRE provides an
interactive pre-post-processor; VAULT calculates radionuclide release from the waste;
GRWOLF calculates groundwater flow velocities for a network representing site
hydrogeology; GEO determines rates of radionuclide migration through the geosphere;
and BIOS calculates rates of radionuclide movement through the environment and
resulting doses and risks to critical groups. Groundwater flows are represented by a 3D
network of ID stream tubes connected at nodes; individual flow paths are characterised
by parameters including length, cross-sectional area, hydraulic conductivity, and
equilibrium distribution coefficient Kd. The biosphere is represented by a number of
compartments both local to the facility and for more distant regions.

5.2.2 DRINK.

The development of a biogeochemical modelling capability DRINK (DRIgg Near-field
Kinetic code) has reached the stage where it can be incorporated into performance
assessments. The enhanced capability provides insights into near-field phenomena and
provides an alternative to a simple VAULT release model. DRINK couples transport
with microbiology and geochemistry; separate modules deal with radioactive decay,
release, transport, geochemistry, microbiology, corrosion, and sorption. The output from
DRINK takes the form of time histories of radionuclide concentrations and of parameters
which describe the geochemical evolution of the near field. ( Ref 4 & 5 ).

5.2.3 DEGAS.

The DEGAS (Drigg Evaluation of GAS) code determines doses and risks to
hypothetical critical groups from the generation of radioactive gases from a facility, their
migration through the near-field, and their dispersion in the atmosphere. The codes deal
with gases produced by aerobic and anaerobic microbial degradation of cellulosic
materials, and by corrosion of metals in anaerobic conditions. ( Ref. 6 ).
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Intrusion into a disposal facility may be deliberate or inadvertent. In this context,
deliberate intrusion is defined as intrusion in the knowledge that radioactive waste is
present. Inadvertent intrusion includes intrusion in the knowledge that an engineered
structure and/or waste is present, but not that the waste is radioactive.

In general, deliberate human intrusion is excluded from consideration in assessment
studies, as it is argued that the responsibility for assessing the radiological risks and
instituting appropriate protective measures rests with the intruder in this case.

In relation to inadvertent human intrusion, concern is primarily with radiation doses and
risks to a limited number of individuals. This is because the spatial extent of
environmental contamination resulting from intrusion is likely to be limited. However, it
should not be assumed that the radiological impact is limited to the intruder and their
associates. Excavated wastes may be distributed on or off site and give rise to exposure
of other individuals, possibly long after the original intrusive event. In some
circumstances, where bulk excavation of wastes occurs, substantial numbers of people
may be exposed over a long period and the collective radiological impact of the intrusion
may need to be evaluated.

BNFL models of human intrusion, HICODES (Human Intrusion CODES), at Drigg
involve three components:

a) Estimation of the frequencies of human actions that would result in exposure of
individuals to extracted radioactive materials;

b) Estimation of the radiological impacts of such human actions, if they occur, for a
facility containing all the radionuclides of interest at unit concentration;

c) Combination of the frequencies and impacts, derived under (a) and (b), with the
time-dependent inventory of radionuclides in the facility to estimate radiological
risks.

The first component of the BNFL intrusion model calculates the frequency of each
human action, as a function of time post-closure. The approach is based on defining
event trees for a variety of potential site uses and estimating the likelihood of each event
occurring. The second component of the model, calculates the total effective dose (Type
A actions, resulting from the examination of small amounts of excavated material) or the
effective dose rate immediately after intrusion (Type B actions, resulting after excavated
material has been spread of a large area or removed from site) into wastes containing the
specified radionuclides at unit concentration (1 TBq m"3). In practice, it is necessary to
consider a mixed inventory of radionuclides, which decays during the post closure period
and which may be intruded into at any time. Thus the third component of the BNFL
intrusion model combines the output of the first two components with a defined initial
inventory.
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6. SUMMARY

The methods outlined in this paper provides a means of capturing, documenting and
predicting the performance of a complex system over time, which ultimately can be used
to help improve and optimise the design of the final repository closure system, and
highlight any areas where significant uncertainty may exist. Such areas are where further
work could most cost effectively be undertaken to improve design, to satisfy any
regulatory concerns and give increased confidence in the predictions resulting from the
Post Closure Risk and Safety Assessments. Perhaps the greatest benefit of such
approaches is as a means of communicating the current understanding of a systems
behaviour and the facilitation of documentation of all important decisions in a manner
that is open and transparent.
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Figure 1. Uses of Safety Assessment. ( Ref. 2 )
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Figure 2. Safety Assessment Iterative Approach.
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Figure 3. Roll of Engineering Risk Assessment. ( Ref 3 )
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Figure 4. Modular Relationship of Drigg Post Closure Risk Assessment Codes.
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TABLE 1
PHENOMENA POTENTIALLY RELEVANT TO SCENARIO

ANALYSIS FOR NEAR SURFACE REPOSITORIES.

HUMAN ACTIVITIES

Improper design and operation
Chemical liquid waste disposal
Draining system obstruction
Improper waste emplacement
Top cover failure

Future intrusion
Construction activities
Farming
Groundwater exploitation
Habitation
Salvage
Re-use of disposed material
Archaeology

NATURAL PROCESSES AND EVENTS

Biological intrusion
Animals
Plants

Faultingseismicity
Fluid interactions

Erosion
Flooding
Fluctuations in the water table
Groundwater flow
Seepage water

Weathering
Deterioration with time
Freezing/thawing
Wetting/drying

WASTE AND REPOSITORY PROCESSES
Gas generation
Waste and soil compaction
Waste/soil interaction
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1. SAFETY GOALS

1.1 OPERATIONAL PHASE

During the operational phase of the IRUS facility (comprising construction, waste
emplacement, and closure), exposures to operating personnel will be maintained below the
radiation dose limits set by the Atomic Energy Control Board. Sound radiation protection
principles, including distance, time and shielding, will be used to ensure that any exposures
are kept As Low As Reasonably Achievable (ALARA). At the time of writing, the
radiation dose limits are derived from the 1977 recommendations of the International
Commission on Radiological Protection. The maximum permissible committed effective
dose to individual atomic radiation workers is set at 50 mSv in any year, 30 mSv in any
14-week consecutive period, with additional limits for particular body parts. The
maximum permissible committed effective dose to an individual member of the public is
set at 5 mSv in any one year.

The International Commission on Radiological Protection has recently revised its
recommended dose limits. The Atomic Energy Control Board is in the process of revising
Canadian regulations to be consistent with the new ICRP recommendations. These
proposed new regulations set a maximum permissible committed effective dose of 20 mSv
per year for atomic radiation workers, with additional limits for particular body parts. The
maximum committed effective dose to an individual member of the public is set at 1 mSv
per year.

To be prudent with respect to worker safety, and in view of the time necessary to
construct the IRUS facility and emplace the waste, the IRUS operating procedures are
being developed using the working assumption that the new, more stringent, regulations
will be in force during the IRUS operational phase.

1.2 POSTCLOSURE PHASE

In the postclosure phase, the safety goals for the IRUS facility are derived from the
objectives, requirements, and guidelines specified in the AECB regulatory document R-
104. As stated in R-104, the objectives of waste disposal are to:

(i) minimize any burden placed on future generations,
(ii) protect the environment, and
(iii) protect human health,

taking into account social and economic factors. These objectives impose requirements
that include a limitation on the extent to which the disposal method relies on long-term
institutional controls for its safety.

1.2.1 Institutional Control Period
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Following closure, there will be an active institutional control period during which the
IRUS facility will be managed in a manner similar to that of other AECL facilities. Access
will be restricted, and monitoring will be conducted to detect and assess any releases of
contaminants. The safety goals for the institutional control period are identical to those
for the operational phase.

It is not AECL's intention to rely on active institutional control in the long term. AECL
intends to use appropriate methods to ensure that adequate records will be kept.
However, it would not be prudent to assume continuity of records beyond a few hundred
years.

Accordingly, this PSAR assumes an active institutional control period of one hundred
years. This is conservative with respect to international practice, where three hundred
years is frequently used for the institutional control period.

1.2.2 Long-term Assessment

Subsequent to the institutional control period, the IRUS facility will enter a phase where
the long-term performance of the facility must be considered. Regulatory document R-
104 requires that the predicted radiological risk to an individual from a single waste
disposal facility shall not exceed 10"* fatal cancers and serious genetic effects in a year,
calculated without taking advantage of long-term institutional controls as a safety feature.

The specification of this risk level (10"6 a"1) is intended to ensure that the predicted
radiological risks are sufficiently low to allow for uncertainties in radiation exposure
scenarios and their consequences, and also to allow for future nuclear activities that might
impact on the same individuals. AECB regulatory document R-104 states that a mean
annual dose of 0.05 mSv is equivalent to an annual individual risk of 10"6.

However, using the most recent recommendations of the ICRP, a mean annual dose of
«0.014 mSv is equivalent to an annual individual risk of 10"6. In the expectation that the
1991 recommendations of the ICRP will be adopted in Canada, the IRUS PSAR assumes
a value of 7.3 x 10'2 Sv'1 for the probability coefficient that relates the health effect
probability to dose level.

As a comparison, 0.014 mSv is approximately 0.8% of the annual dose received by a
member of the general population in Canada from natural background radiation.

1.2.3 Environmental Protection

In addition to ensuring adequate radiological protection to workers and the public, the
IRUS facility will provide an adequate level of environmental protection. The
environmental protection goals for the IRUS Project are to ensure that there are no
predicted future impacts on the environment that would not be currently accepted, and
that future use of natural resources is not prevented by radioactive or non-radioactive

-256-



contaminants.

2. HUMAN EXPOSURE SCENARIOS AND CRITICAL GROUPS

Several receptor groups were defined to assess the radiological risk from the closed IRUS
facility. The receptor groups correspond to various exposure scenarios in which
representative humans ingest, inhale, or otherwise come into contact with the
contaminants in the wastes in IRUS, and potentially have their health affected.
Two key considerations in selecting receptor groups are the approaches taken to (1)
dealing with deliberate versus inadvertent human actions, and (2) selecting an urban versus
a rural lifestyle. These preliminary issues are discussed in the following two sections.

2.1 DELIBERATE VERSUS INADVERTENT HUMAN ACTION

A deliberate action to disturb IRUS is one that is taken with full knowledge of the
presence and potentially hazardous consequences of disturbing the waste. For instance,
deliberate intrusion might involve someone entering the IRUS vault out of archaeological
curiosity or interest in retrieving some of the vault's contents. This assessment does not
examine deliberate intrusion.

An analysis is made of risks to humans and other biota that may be inadvertently exposed
to the waste contents of IRUS, that is, they had no awareness of the facility nor any
recognition of any associated hazard.

2.2 RURAL VERSUS URBAN LIFESTYLE

The receptor groups for the postclosure assessment are based on a rural, as opposed to an
urban, lifestyle because

(i) households in the area are rural, and
(ii) persons in rural households are more likely to receive a higher dose than persons in

urban households.

There are no urban areas near the CRL site. The CRL site is controlled-access, federally-
owned land, and is not currently available to the public. The largest towns within 10 km
are Chalk River (population 900, 3.5 km from the IRUS site) and Deep River (population
4200, 7 km from IRUS).

The exposure scenarios were developed on the assumption that the local population
density will remain low. Thus, the receptor groups were assumed to consist of single-
family rural homes or farm households.

An important difference between urban and rural households is that rural households tend
to be more self-sufficient than urban and suburban ones. They rely more on water, food
and other resources drawn from the immediate area. This is particularly so in the case of
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farm communities. Materials produced locally near the areas where groundwater passing
under IRUS returns to the surface, are more likely to have a greater impact if used locally
than if used elsewhere, where their impact would tend to be diminished by the
consumption of other non-contaminated food sources. Furthermore, there are more
potential exposure pathways, each with greater importance for a rural populace because
the latter would tend to have longer and more intimate contact with the local environment
than an urban group would. Receptor groups based on both rural residences and farm
households were examined, but for the reasons given above, urban situations were not
evaluated.

2.3 APPROACH TAKEN TO IDENTIFY THE CRITICAL GROUP

The Critical Group concept involves identifying a relatively homogeneous group of
people that is expected to receive the greatest exposure from a nuclear facility because of
its location, age, habits and diet. The AECB Regulatory Document R-104 requires that
the critical group considered in assessing the long-term radiological risk from a disposal
facility should be, "...located at a time and place where the risks are likely to be the
greatest...", and "...the lifestyle...should be based on present human behaviour using
conservative, yet reasonable, assumptions".

The fundamental approach used in this assessment is to avoid prejudging the results
derived from locating receptor groups at various locations

(i) downgradient from the vault along the groundwater flowpath, where dilution and
dispersion of ground water-borne radionuclides in the aquifer will be at a minimum,
or

(ii) downwind from the vault where dilution and dispersion of gaseous emissions from
the vault will be at a minimum, or

(iii) near the bulk of the solid materials in the vault that have been exposed and possibly
displaced by inadvertent intrusion.

2.4 SUMMARY OF THE EXPOSURE SCENARIOS ASSESSED

The following scenarios were analysed in the postclosure assessment.

The Groundwater Pathway - the following exposure scenarios were assessed:

(i) A rural home with a well located at the middle of the IRUS plume area,
(ii) A rural home adjacent to a small, nearby lake (Lower Bass Lake), that is

downgradient from the vault,
(iii) A rural home adjacent to a larger, more distant lake (Maskinonge Lake), that is

downgradient from the vault,
(iv) Farm adjacent to Maskinonge Lake, and
(v) Uses of materials from a nearby swamp (Duke Swamp).
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The Duke Swamp exposure scenarios involve humans living near Duke Swamp who take
their drinking water from the swamp, consume produce from a household vegetable
garden that has had peat from the swamp added to it to condition the sandy soil, and
consume meat from moose that drink water and browse on vegetation in the swamp.

Inadvertent Human Intrusion - the receptor group unintentionally disturbs the vault
contents. Two scenarios are assessed:

(1) The Construction Scenario, in which the vault contents are exhumed in the course of
excavating a basement for a house, after the vault and its contents have degraded into
material indistinguishable from the surrounding soil. The receptor group consists of the
humans who disturb the vault material.

(2) The Agriculture Scenario, in which produce is grown in a household garden located
on vault materials that had been displaced during prior construction. The receptor group
is the members of the household who consume the produce.

The Atmospheric Pathway - radionuclide-bearing gases escape the vault, either upwards
through cracks in the roof and the soil cover, or downwards through the buffer layer at the
base of the vault then upwards through the sand outside the vault walls. Doses from 3H
(as tritiated water vapour) and 14C (as CO2) were calculated for receptor groups located
either on the vault, or at various locations downwind from IRUS, and found to be very
low.

3. THE SYVAC3-NSURE PERFORMANCE ASSESSMENT CODE

3.1 THE NSURE CODE

NSURE (Near-Surface Repository code) is a performance assessment (PA) code,
developed for the safety assessment of near-surface disposal facilities for low-level
radioactive waste (LLRW). The NSURE model includes a vault model, models for
transport through unsaturated layers, aquifers and surface waters, and a biosphere model.
The code is written in standard FORTRAN-77 (except for the use of INCLUDE files),
and was developed and tested on the IBM/PC (personal computer) and VAX platforms.

NSURE is designed for evaluating the IRUS facility. NSURE models the groundwater
pathway for transport of radionuclides from the disposal vault to the biosphere of the
receptor group.

3.2 OVERVTEW OF CODE CAPABILITIES AND SALIENT FEATURES

NSURE incorporates essential modelling capabilities, including several important features
to enhance its practical use. The principal features of the code are:

i) NSURE can be used to model a LLRW disposal facility with or without water
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infiltration barriers. Where infiltration barriers exist (e.g., vault roof or concrete
cap), NSURE can handle a gradual or sudden ingress of water brought on by
leakage or failure of the infiltration barriers,

ii) NSURE can be used to model a mixture of different container/waste form systems
in a single simulation,

iii) NSURE can model single or multiple radionuclide species, in single or multiple
waste forms,

iv) NSURE can be used to model the full range of radionuclides encountered in
LLRW disposal facilities. Radionuclide ingrowth, however, is not included in the
mass transfer models,

v) Because NSURE ha Bs been linked with SV AC3, its variability analysis features
are a powerful tool for sensitivity analysis,

vi) NSURE provides a repository source term that takes into account the influence of
water flow, container degradation rates, waste form leaching rates and retention
factors on release rate from the facility,

vii) NSURE allows well water, surface water or recreational water (or a combination
of these) scenarios for the estimation of dose to an individual in the receptor
group,

viii) NSURE provides several ingestion and external exposure pathways for dose rate
calculations.

4. GROUNDWATER PATHWAY SAFETY ASSESSMENT RESULTS

This section discusses the results for the postclosure safety assessment from the
groundwater exposure pathway.

Plots of the total risk as a function of time after closure for the four exposure scenarios are
shown in Figures 4-1 and 4-2. Figure 4-1 shows the total annual risk for the three rural
home scenarios. Figure 4-2 shows the total annual risk for the farm home scenario. The
total risk shown in each figure is the combined risk from all radionuclides. In all of these
exposure scenarios, the combined annual risk is below that corresponding to an annual
risk limit of W6 beyond the institutional control period. The tritium peak risk for the
well scenario (Figure 4-1) is within the institutional control period of 100 years and is
below the regulatory limit of 10"6.

5. INADVERTENT HUMAN INTRUSION

5.1 INTRODUCTION

As part of the safety assessment of the IRUS facility, this section documents an
examination of the risk associated with inadvertent human intrusion. Inadvertent human
intrusion refers to a series of events that must occur for an individual, who is unaware of
the hazard associated with or the presence of the waste facility, to come into direct
contact with the disposed wastes.
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The first step in determining the impacts associated with human intrusion is to describe a
credible scenario. Then, the resulting dose from the scenario must be predicted. Finally,
in order to estimate the risk associated with a given scenario, the estimation of
probabilities describing how likely the scenario is to occur is required. These scenarios are
unlikely events and in order to estimate the risk, it is necessary to assign the probabilities
of occurrence of the intrusion scenarios to show compliance with the AECB Regulatory
Document R-104. A brief discussion of broad issues relating to the risk associated with
human intrusion is provided in the following paragraphs.

5.2 SELECTION OF SCENARIOS FOR IRUS

Based on considerations of current land use and current knowledge of resources in the
vicinity of IRUS and a review of publications dealing with the selection of scenarios for
human intrusion two scenarios were selected that are likely to present the highest risks to
an IRUS facility intruder, i.e., to have the highest product of probability and consequence.
These scenarios generically represent the excavation of wastes from the facility during
construction and subsequent use of contaminated soil for agricultural/gardening purposes.

5.2.1 Construction Scenario

In this scenario, the construction of a residential dwelling is considered. For this scenario,
it is assumed that, sometime after the loss of active institutional controls, an intruder
constructs a house or other building on the disposal site. In doing so, he contacts the
waste while excavating the basement, installing utilities, etc. This scenario is unlikely to
occur until the waste, reinforced concrete cap and other barriers have decomposed to the
extent that they resemble ordinary soil. If an intruder encounters the concrete cap, he will
probably stop digging and no intrusion will occur. It is assumed that the contaminated soil
excavated during the construction scenario will be distributed around the residential site,
and become the source for a future agricultural scenario. For the intrusion-construction
scenario, exposures to a construction worker were calculated for two pathways:

(i) external exposure to gamma radiation from the waste being excavated; and
(ii) inhalation of contaminated dust suspended by the excavation activities.

The construction activity is based on the excavation for a foundation of an average size
house with a footing size of 140 m2 (1500 ft2). Allowing for some working space around
the footings, the actual dimensions of the excavation would be about 13.5 mx 13.5 m, or
187 m2 (actual dimensions will more likely be rectangular, i.e., 11 m x 17 m). It is further
assumed that the excavation depth does extend down into the waste vault, through more
than 2 m of earthen cover, 1 m of the reinforced concrete cap, and 1 m into the waste.
Thus the total volume of vault contents brought to the surface is estimated to be 187 m3.
This estimate in terms of depth of excavation, is an overestimate for the vast majority of
residential dwelling excavations. While it may be true that multi-story apartment
complexes routinely have foundations at this depth, they are built with much less
frequency (very rarely in current local practice), and the likelihood of gardening or farming
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in such a setting would also be significantly less.

The volume of waste material brought to the surface is then spread out over the surface of
the building lot. The vault contents and the earthen cover and concrete roof materials are
mixed together. The top 15 cm of soil contains the contaminated soil with a soil waste
density of 1.8 gem'3. The total area of contaminated soil available for crop growing is 0.4
Ha (approximately 1.0 acre), which is a reasonable estimate for the area that may be
subject to earth moving during construction in a rural setting.

The construction worker is assumed to be working near the contaminated soil for a period
of 500 hrs, which is approximately 2 months effort (taking into account long construction-
site working days). Dust concentrations are therefore averaged between the
concentrations expected during earth moving and excavation and what is expected when
the worker is above grade level on the structure. Inhalation exposure was calculated using
a mass loading model for the concentration of radionuclides in air. The mass loading factor
is 2xlO'3g of soil per m3 of air during construction activities, about thirty times the average
ambient level in Canada . Particles in the suspended material have a density of 1.6 Mgm'3.

5.2.2 Agricultural Scenario

For the agricultural scenario, the intruder is assumed to occupy a house built on waste
excavated in a construction scenario, and to ingest food grown in the excavated waste soil
mixture. This is essentially a farming scenario where the resident grows or raises crops
and animal products that form part of his diet. To the extent possible, taking into
consideration the contaminated land area, the food consumption and crop and animal
product production parameters for the intrusion scenarios are consistent with the
groundwater pathway analysis conducted using SYVAC3-NSURE.

For the intrusion-agriculture scenario, exposures to a resident/farmer were calculated for
five pathways:

(i) External exposure to gamma radiation from unexcavated waste beneath the
home and beneath the area where farming activities are carried out.

(ii) External exposure to gamma radiation from previously excavated waste,
uniformly distributed over the farmed area,

(iii) Inhalation of contaminated dust and radon gas, suspended by natural
processes and/or processes associated with agriculture,

(iv) Ingestion of garden crops contaminated by foliar deposition and/or root
transfer from soil,

(v) Ingestion of animal products from animals raised on contaminated forage
and food.

5.3 DISCUSSION OF RESULTS

The AECB criterion for the acceptability of a nuclear waste disposal facility is that the
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annual risk, summed over all scenarios, should be less than 10"6 fatal cancers or serious
genetic effects.

The analysis shows that the IRUS facility will meet the AECB risk criterion for the
inadvertent human intrusion scenarios. Initially, in the agriculture scenario, 137Cs, '"Sr,
and other shorter-lived nuclides (notably 60Co) are responsible for a majority of the dose
for time periods up to 150 years. The same is true for the construction scenario, with the
exception of ^Sr, because doses tend to be dominated by gamma emitters. At the longer
times for the agriculture scenario 94Nb contributes significantly to the dose. In the
construction scenario at longer times, in addition to 94Nb, ^ P u and 240Pu comprise the
majority of the dose. The risks due to intrusion are very low at times soon after closure
and up to several hundred years. Once institutional controls have lapsed and the physical
barriers begin to degrade, the risk begins to rise.

There are uncertainties in the estimates of both probability and consequence, in the
intrusion analysis. The largest source of uncertainty in the consequence analysis arises
from assigning values to human behaviour and environmental parameters that can be
highly variable, such as storage time of animal feed grown on site, and mass loading for
waste suspended in the air. The uncertainties in the estimates of probabilities of events and
failures are even larger. Accordingly, values judged to be conservative have been assigned
throughout.
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