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ABSTRACT

A methodology is presented for planning and implementing a
long-term environmental monitoring program for closed
special radioactive waste disposal sites. The steps in the
method involve collection of the available background infor-
mation on the site history, site and area characteristics,
waste inventory, pathway analysis, prior monitoring pro-
grams, applicable standards, and the legal/regulatory re-
quirements. This information is coupled with factors such
as experience, half-life, radionuclide migration r^tes, and
potential hazard to develop a monitoring program, teian ex-
ample, a site-specific long-term monitoring program is
described for the AMAX site using the available informa-
tion. Sampling techniques and practices for the monitoring
program are discussed and techniques and practices expected
to be available in the future are considered.

INTRODUCTION

Special sites are defined in Section 151 of the "Nuclear Waste
Policy Act of 1982" (Public Law 97-428) as commercially-operated faci-
lities that used a variety of chemical and metallurgical processes to
recover hafnium, zirconium, and rare earths from source material.
Source material ores also contained small quantities of thorium,
uranium, and their daughter products. The Act provides a mechanism
for transfer to the U. S. Department of Energy (USDOE) title and cus-
tody of low-level radioactive waste and the land on which such waste
is disposed of upon request of the owner of the waste and land, if
that waste resulted from a licensed activity for such processing.
The special sites are characterized by the presence of residual
natural radioactivities, principally, radium, thorium, and uranium,
which occurred as impurities in the primary ore and were discarded.
In this respect, these special sites are similar to the UMTRAP
(Uranium Mill Tailings Remedial Action Program) sites and to many of
the FUSRAP (Formerly Utilized Site Remedial Action Program) sites.
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The purpose of this presentation is to identify the necessary informa-
tion and considerations that are applicable to the development of
long-term monitoring programs for closed special waste sites.

BACKGROUND INFORMATION

The design of a long-term monitoring program is predicated on
the past behavior of the site. Therefore, it is important to collect
the information on the site that impacts the monitoring program. Par-
ticularly important areas of information include: 1) the site his-
tory; 2) the site and area characteristics, such as meteorology, geo-
hydrology, demography, ecology, and land use; 3) the waste inventory;
4) pathway analysis; 5) the results of all monitoring programs and
related studies; 6) applicable standard; and 7) the legal/regulatory
requirements. Once collected, it is necessary to judge if the quan-
tity and quality of the information is adequate.

The history of the site is important in determining when and
where the various processes were operated, what chemical, physical,
metallurgical, or other operations were used, what source materials
were used, and whtt products resulted. This type of information pro-
vides guidance on the extent of the problem, information on the con-
taminants that may be present, the possible introduction of toxic
materials, either used in the process or as products of the process,!
and information on the magnitude of the problem. It is important to;'
examine the total operation for potential environment insult and not
be restricted to known problems. For example, a milling and grinding
operation would produce considerable residue but could also produce
an airborne component that could be spread a considerable distance
from the site. The primary source of this information should be the
site operator.

The site and area characteristics include meteorology, hydrol-
ogy, geology, geochemistry, demography, ecology, and land use. A
large number of site-specific physical, ecological, sociological, and
other parameters were probably evaluated before and during the opera-
tion of the site. These should be available from the site operator.
Other information may be available from studies by such organizations
as the U. S. Geological Surveys or local universities. Table 1 is a
summary of the parameters and the use of this information as related
to the development of a long-term monitoring program.

Information on the waste inventory is vital since it will be a
determining factor in deciding on the measurements that should be
made and the pathways that should be monitored. Information should
be obtained on the identities and amounts of individual radionuclides
buried, the chemical and physical composition of the radionuclides,
and the composition of other components of the waste, such as chemi-
cally-toxic substances, carcinogens, and complexing agents.

Pathway analysis is a mathematical analysis of the routes or
pathways by which waste may migrate, which allows one to predict the
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TABLE 1

Parameters and Their Purpose to Characterize
The Site and Vicinity Area

Characteristic Parameters Purpose

Subsurface
Hydrology

Surface
Hydrology

Geology

Geochemistry

Demography

Ecology

Land Use

Meteorology

Aquifer location, hy-
draulic conductivity,
transmissivity, stora-
tivity, porosity, hy-
draulic potential, flow
direction, apparent
velocity, hydrodynamic
dispersion coefficients

Precipitation, runoff
coefficients, infiltra-
tion capacity, evapora-
tion, drainage patterns

Stratigraphy, tectonics,
erosion, lithology,
seismicity, mineralogy

Distribution coeffici-
ents, clay mineralogy,
anion-cation exchange
capacities, soil pH,
oxidation-reduction
potentials, soluble
anions and cations, or-
organic materials, com-
plexing agents

Population distribution
by sector

Plants and animals

Agricultural, commer-
cial, recreational

To model the ground water
flow for pathway analysis
and to locate the sampling
stations.

To model pathway analysis
and locate surface water
sampling stations. Water
budget analysis.

Surface and ground water
pathway analysis and sub-
surface monitoring loca-
tions.

To predict the pollutant
flow rates in the subsurface
and surface water regime by
modeling.

To locate sampling stations
and for dosimetry calcula-
tions.

For sampling and pathway
analysis.

Pathway analysis and sam-
pling locations.

Windspeed and direction Air sampling locations.
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fraction of waste that could reach humans under an experimentally de-
termined or assumed set of conditions and for estimating the poten-
tial hazard. A site-specific pathway analysis is essential for the
design of a monitoring program and such an analysis should have been
prepared for the site and available from the site operator. The
common method for the quantification of the pathways between waste
and humans is by modeling through a compartmentalized block diagram.
A discussion of the application of pathway analysis to a low-level
waste site is given in USDOE (1983) as well as other references cited
in this source.

Evaluation of any prior monitoring programs is important in the
design of long-term monitoring programs. The primary source of the
monitoring information is the program conducted by the site operator.
The available monitoring information should provide a description of
the sample collection schedule, type, location, data analysis and in-
terpretative procedures, quality assurance measures, detection
limits, trend analysis, comparison to control samples, and calcula-
tion of potential dose or other health effects from releases. The
adequacy of the monitoring data should be evaluated to determine if
any additional information is needed.

There are no federal standards that are directly applicable to
the on-site disposal of radioactive, hazardous, or mixed waste gen-
erated at special sites. However, there are a number of regulations
that can provide some guidance when dealing with a special site.
These include the environmental standards in 10 CFR Part 61, UMTRCA
(Uranium Mill Tailings Radiation Control Act), Clean Air Act, Safe
Drinking Water Act, 10 CFR Part 20, FUSRAP, RCRA (Resources Conserva-
tion and Recovery Act), and CERCLA (Comprehensive Environmental
Response, Compensation, and Liability Act). A comprehensive review
of the applicable regulations from each of these laws has been col-
lected and evaluated by Breckenridge. e_t jil_, 1985.

Under Subsection 151(c) of the Nuclear Waste Policy Act of 1982,
several conditions must be met before USDOE can accept a special
site: 1) the USNRC license must be terminated after site closure, de-
comissioning, and decontamination requirements are met; 2) the title
and custody must be transferred to USDOE without cost; and 3) Federal
ownership and management is necessary to protect the public health
and safety and the environment. A draft disposal site transfer pro-
gram guidance (EG&G, 1985) has been prepared which establishes the
procedural step necessary in the transfer process.

PROGRAM DESIGN CONSIDERATIONS

A number of factors exist at special sites that can be used to
provide guidance in the program design. These include such considera-
tions as past results, experience, regulations, radionuclide half-
life and migration rates, and source term. Application of these con-
siderations will provide guidance on making decisions on monitoring
frequency and duration.
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Experience has shown that in some respects, special sites are
similar to the UMTRAP and some FUSRAP sites. The principal radioac-
tivities present at these sites are the natural radionuclides, pri-
marily radium, thorium, and uranium. These were present in the origi-
nal ore and the waste resulted from various separation processes used
to extract the parent materials. Considerable information on these
sites and their associated monitoring programs has been published. A
summary of these programs is available along with a discussion of
their similarities (Golchert, et ji]_, 1984).

In many long-term monitoring situations, some sampling guidance
can be obtained from considering the half-life of the disposed radio-
nuclides. For radionuclides of half-lives of less than one year,
radioactive decay will reduce the amounts of these radionuclides so
that long-term monitoring will not be required. For radionuclides
with half-lives between one and fifty years, a periodic reduction in
sampling, related to half-life, is suggested (Golchert, et al_,
1985). The principal radionuclides at special sites are uranium,
thorium, and their daughters. The half-lives of the parents,
uranium-238 and thorium-232, are very long and radioactive decay has
no consideration in the long-term monitoring program design. The
need to monitor these long-lived nuclides will be determined by other
considerations such as their source term, chemical and/or physical
form, and method of containment.

The retardation of radionuclides as they move through subsurface
soil by means of ground water can effect the long-term monitoring pro-
gram. Most long-lived actinide nuclides have high retardation fac-
tors in soils. This is likely to be true at the special sites. This
implies that a minimal sampling program would be needed. If measured
or calculated retardation factors are not available for a specific
site, tabulations of generic retardation factors are available for
some nuclides (Murphy and Holter, 1980).

The characterization of the waste is an important factor in the
design of a long-term monitoring program. Not only is the quantity
of each buried radionuclide necessary, but also the physical/chemical
form, presence of migration enhancers, and the life expectancy of the
containment. These factors affect quantity of material available for
migration and the rate. At those sites that will qualify as special,
the source term will not be well known and only estimated.

Methodologies exist for evaluating the potential hazard for mi-
gration of radionuclides with the ground water to a drinking water
supply. These approaches use some combination of half-life, source
term, retardation factors and concentration limits. One method is
that used by Spalding and Munro (1984) which generates a hazard
rating. This provides a relative scale with which to compare radionu-
clides that occur at various concentrations in the waste, are ad-
sorbed to differing degrees by the soil through which they must
migrate, and have inherently different radiological hazards. Applica-
tion of this system to special sites indicates that some of the radio-
nuclides of concern have relatively low hazard rankings.
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MONITORING PROGRAM

The monitoring program at a closed special site should be based
on currently available information and any additional information
that may become available at the time application is made for site
transfer. The present planning for long-term care at a closed
special site includes environmental monitoring for an extended
period, perhaps more than 100 years, since the waste will remain in
place and contains long-lived, slowly-migrating radionucTides. For
the same reason, a site maintenance, inspection, and surveillance pro-
gram will also be required. It is recommended that these activities
be combined with the monitoring program to reduce cost. Routine
sample collection for monitoring purposes can be conducted concur-
rently with site inspection activities. In some instances the site
maintenance, inspection, and surveillance may recognize changes, such
as erosion and intrusion, that call for additional or new monitoring
activities.

As part of the long-term care of a closed special site, periodic
inspections will be necessary to establish that the site is in an
acceptable condition. Examples of surveillance and maintenance acti-
vities include inspection of the site, collection of the^required en-
vironmental samples, checking and servicing instruments and operating
equipment, recalibration of monitoring systems and making minor
repairs. It is suggested that the surveillance be conducted twice a
year, in the spring, to determine the impact of the winter, and in
the fall, to see the effect of the growing season. In addition to
the scheduled surveillance, inspections should be made following any
unusual events such as extremely high winds, tornadoes, extended or
high periods of precipitation, floods, or earthquakes, or human
events such as vandalism, inadvertent intrusion of the fenced area,
or threats.

As in the case of the UMTRAP and many FUSRAP sites that contain
considerable natural radionuclides, radon (from the decay of radium)
released to the air is the major exposure route at unstabilized
sites. Next in importance is the migration of uranium, radium, and
some chemically-toxic elements in the surface water and ground water.
The sample collection frequency and required analysis will be deter-
mined by source term and past measurements.

TECHNIQUES, EQUIPMENT, AND PRACTICES

A long-term monitoring program which begins within the next few
years will probably be based on the current methods of field sample
collection and laboratory analysis. The sample collection will con-
centrate on air and water. The analysis scheme will rely principally
on the determination of radon in air, and uranium, radium, and chemi-
cal pollutants in the surface and ground water. A summary of the cur-
rently used radiochemical procedures for environmental samples has
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been collected along with references to published procedure manuals
(USDOE, 1983).

One of the goals of the monitoring program would be to minimize
the manpower requirements by eliminating as much of the sample collec-
tion and laboratory analysis as possible. This could be accomplished
by using vn_ situ direct reading measuring devices to monitor the
possible presence of any pollutants. It is anticipated that upon the
development of remote monitors with adequate sensitivity and reli-
ability, these systems would be incorporated into the program. The
future monitoring program would involve the use of highly sensitive
and specific vn situ sensors that would make periodic measure-
ments and telemeter the data to a central facility. To implement
these changes, it is assumed that some periodic formal review would
be conducted of the program at which time decisions would be made on
which portions of the program would be changed, deleted, or revised.

APPLICATION TO AMAX SITE

In order to illustrate the application of the methodology, the
above procedure was applied to a particular special site. The AMAX
site is located near Parkersburg, West Virginia and was used for the
production of high-grade zirconium metal for various ores. Associ-
ated with the ores were small amounts of thorium and uranium. Most
of the residual waste which contained the radioactive materials was
disposed of elsewhere, but a small amount of contaminated soil was
buried on site. All the identified radioactive materials were con-
solidated at one on-site location in a clay-lined enclosure. A des-
cription of the available information on the AMAX site relative to
history, site and area characteristics, waste inventory, pathway
analysis, and monitoring programs, has been collected (Golchert and
Sedlet, 1986).

The AMAX situation is relatively simple in terms of the waste
type, amount, and location. The radionuclides of concern are radium,
thorium, uranium, and their daughters. The total inventory is prob-
ably less than ten curies, and these materials are restricted to a
clay-lined repository. The hazard due to these slow-moving radionu-
clides is low and the major pathways have been identified.

It is suggested that a sampling frequency of twice a year,
spring and fall, would be adequate for the AMAX site. The sampling
would be coordinated with the site surveillance and maintenance pro-
gram. The program would consist of monitoring for radon and daughter
products in air and for uranium, thorium, and radium in surface
water, ground water, and sediments. This program is outlined in
Table 2. Monitoring for the possible presence of some toxic heavy
metals that may be associated with the waste, such as hafnium and zir-
conium, should also be considered.
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Medium

Air (Radon)

Surface Water
Creek
Creek
Ohio River
Ohio River

Ground Water

Sediment-Creek

Suggested

Sample

-

4
4
4
4

4

Several

TABLE

AMAX Moni

Size

L
L
L
L

L each

kg each

2

toring Program

Locations

3 On-site - 1 Off-site

Upstream of Site
Mouth of Creek at Ohio River
Upstream of Creek Outfall
Downstream of Creek Outfall

3 On-site - 1 Off-site

Outfall to Ohio River
Upstream of Site

The program outlined in Table 2 gives the recommended minimum
number of samples and measurements necessary to evaluate the behavior
and performance of this closed special site. The program is intended
for use at the time the site is transferred to the USDOE. Changes in
the program with time should be expected that are based on the moni-
toring results and physical and other changes observed at the site.

Funding for this study was provided by the U. S. Department of
Energy - National Low-Level Waste Management Program.
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