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ABSTRACT

Natural processes and human activities could expose the public to
radioactive and nonradioactive toxic materials from uranium processing
sites in the years following decommissioning. This report describes
security, surveillance, and monitoring methods that can be used to pre-
vent or detect the spread of these materials and to determine when clean-
up or preventive maintenance is required. Visual observations carried
out at least annually can be used to detect any rapidly developing condi-
tions that could expose the public to toxic materials. If no such con-
ditions develop during the first several years following decommissioning,
then visual observations can be made at less frequent intervals to detect
more gradual changes. Gamma-radiation, 226Ra, and 238 measurements at
Tocations showing significant deterioration can be used to determine
whether residual radiocactive materials that exceed existing standards
have been exposed. Measurements of contaminant concentrations in stand-
ing surface water and groundwater can detect the spread of water contain-
ing elevated contaminant concentrations. Durable signs and stone markers
can be used to warn of the possible dangers associated with these sites.







EXECUTIVE SUMMARY

Uranium processing sites should not represent a significant threat
to public health at the time they are decommissioned, but natural pro-
cesses and human activities could expose the public to radioactive and
nonradioactive toxic materials in the years following closure. This
report describes 1) security measures that can be used to inhibit human.
activities that could lead to the exposure of uranium mill tailings and
2) surveillance and monitoring methods that can be used to detect the
spread of toxic materials and to determine when preventive maintenance is
required.

Because conditions leading to the spread of toxic materials develop
differently from site to site, the frequency of observations and measure-
ments at a site should depend on site characteristics and the results of
previous observations and measurements. Visual observations should be
made at least annually for five years following decommissioning to detect
any rapid structural deterioration of the site. In most cases, sites
with no evidence of significant deterioration during that time could be
inspected less frequently during subsequent years to identify more .gradual
changes. Photographs should be taken to facilitate the detection of gradual
changes.

A record of present gamma-radiation exposure rates is necessary so
that increases in the exposure rates can be used to detect the spread of
tailings that might occur in the future. Since decommissioning surveys
usually provide this record, it should not be necessary to conduct gamma-
radiation surveys of the mill site and surrounding areas until there is
visual evidence of surface disruption (e.g., erosion). If disruption
occurs, surface gamma-radiation measurements should be made around the
disruption. If exposure rates greater than 4 pR/h above background rates
are measured around a large-scale disruption, gamma-radiation measurements
should be made 1 m above the surface along radials extending from the
location where elevated exposure rates were detected. Any contaminated
areas discovered should then be surveyed using l-m-height exposure-rate
measurements at the grid points of a 10 m x 10 m grid. Contact measure-
ments should also be made around grid points where elevated exposure rates
are detected. Soil samples should be analyzed for 226Ra at locations
with the highest exposure rates. If concentrations exceeding the Environ-
mental Protection Agency (EPA) standards are measured, soil samples should
be analyzed for a spectrum of 238y daughters to determine whether the

26Ra is due to tailings. '

There are several processes that could lead to gradual increases in
the gamma-radiation exposure rates and radon fluxes without producing
obvious visual evidence. Therefore, gamma-radiation surveys of the tail-
ings piles should be carried out every 5 to 10 years. The gamma-radiation
measurements should be made 1 m above the surface at the grid points of a
10 mx 10m grid on covered tailings piles. Locations with exposure rates
greater than 4 pR/h above background should be visually inspected to deter-




mine the source of the exposure, and soil samplies should be analyzed for
226Ra at locations where the highest exposure rates are indicated.

The nature and extent of vegetation and animal burrowing should be
observed for transfer of radioactive and nonradiocactive toxic materials
to the surface. Methods such as those reported by McKenzie et al. (1983)
should be used to calculate the surface accumulation of toxic materials.
Whenever these calculations indicate that significant accumulation could
have occurred, samples of plant material should be analyzed for toxic
trace elements. Gamma-radiation measurements, followed by soil 226Ra
analysis at locations where maximum exposure rates are detected, should
also be taken to determine whether the 226Ra standard is being exceeded.

The evaporation of water at the surface of a covered tailings pile
could lead to the capillary flow of water containing dissolved contami-
nants to the surface. Therefore, any salt deposits or standing water
that appears on or around the pile should be photographed and analyzed.

Processed uranium (yellowcake) does not emit high-energy gamma rays,
but it does emit beta particles that can be detected using Geiger Mueller
(GM) counters. Therefore, areas that could be contaminated with yellow-
cake should be surveyed using GM counters. Samples should be analyzed at
locations with elevated exposure rates.

Contaminant concentrations in standing surface water and in ground-
water should be measured. Groundwater monitoring wells should be located
upgradient of, within, and downgradient of tailings piles. It is necessary
to analyze only a few of the most mobile of the possible contaminants
unless these contaminants reflect elevated levels, in which case a wide
spectrum of contaminants should be measured. Model calculations and pre-
vious contaminant and groundwater flow measurements should be used to
determine the frequency of the measurements. Initially the measurements
should be made at least yearly, but if no contamination is observed during
the first several years following closure, the frequency can be reduced
during subsequent years. '

The removal and use of tailings material must be prevented in order
to protect the environment and public health. However, it would be imprac-
tical, and probably unnecessary (at least in nonurban areas), to require
active measures, such as guards and security fences, to prevent the misuse
of tailings for periods as long as 1000 years. In most cases, the thick
earthen cover required to reduce radon emissions to acceptable levels
would provide adequate protection against the misuse of tailings. However,
durable signs should be placed around tailings piles warning of the dangers
involved in tailings misuse. These signs would be expected to deteriorate
and should be inspected during regular surveillance of the site. Since
it would not be possible to guarantee that these signs would be maintained
for 1000 years, stone markers should also be placed beside access roads.

vi
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INTRODUCTION

On November 8, 1978, Congress enacted Public Law 95-604, the Uranium
Mill Tailings Radiation Control Act of 1978 (UMTRCA). This act states
that because uranium mill tailings may pose a potentially significant
radiation hazard to public health, every reasonabie effort should be made
to provide for the stabilization, disposal, and control of such tailings
in a safe and environmentally sound manner. This is to be done to prevent
or minimize the diffusion of radon gas from these tailings into the environ-
ment and to prevent or minimize other environmental hazards from such
tailings. The Administrator of the Environmental Protection Agency (EPA)
was directed to set standards to govern this process of stabilization,
disposal and control. The Nuclear Regulatory Commission (NRC) was given
the responsibility of establishing technical, engineering, and management
reqgulations needed to implement these standards.

When uranium processing sites cease operations they must be decontami-
nated before they can be decommissioned. Uranium mill site decontamination
normally includes the stripping of contaminated soil and the removal,
washing, or demolishing of buildings, equipment, and facilities. Contami-
nated soil and other materials are normally buried in the tailings pile.
The tailings pile is covered with a layer of earthen material, followed
by a layer of rock. In some cases, the site may be considered unsuitable
for long-term disposal, so the tailings may be removed to another disposal
site.

After decommissioning operations are complete and compliance surveys
have verified that the levels of hazardous materials do not exceed stan-
dards, responsibility for the sites will be transferred to the United
States or to the state in which the land is located. Following transfer,
periodic surveillance of the site and tailings pile will be necessary to
confirm the integrity of the stabilized tailings and to determine the
need for maintenance or monitoring. This report, produced by Pacific
Northwest Laboratory (PNL)@ for the NRC, describes security, surveillance,
and monitoring methods necessary to provide reasonable assurance that
site integrity is maintained and that the performance standards continue
to be met after the state or federal government assumes site control.

The methods described are designed to ensure that in future years
releases from the decommissioned sites will not exceed existing federal
standards, such as 40 CFR 192 and the Solid Waste Disposal Act (SWDA).
“Environmental Standards for Uranium and Thorium Mill Tailings at Licensed
Commercial Processing Sites" (Chapter 1, Subpart F, 40 CFR 192) was pub-
Tished by the EPA on September 28, 1983. 40 CFR 192 describes the stan-
dards that apply after the final disposal of the tailings. It also guides
the activities that are to be carried out during the closure period to
ensure adequate final disposal and governs the design of the disposal
system. 40 CFR 192 requires that the disposal areas should be closed in
a manner that:

(a) Operated for the U.S. Department of Energy (DOE) by Battelle Memorial
Institute.




™ minimizes the need for further maintenance

° controls, minimizes, or eliminates, to the extent necessary to
prevent threats to human health and the environment, post-
closure escape of nonradioactive hazardous waste constituents,
leachates, contaminated rainfall, or waste decomposition pro-
ducts to the ground or surface waters or to the atmosphere

° provides reasonable assurance that control of radiological
hazards will 1) remain effective for at least 200 years; and,
to the extent reasonabl% achievable, for 1000 years and 2) limit
releases .of 220Rn or 222Rn to 20 pCi/m2-s.

The radon flux standard only requires that the cover for the tailings
pile be designed to provide reasonable assurance that the average flux
for the tailings pile will not exceed 20 pCi/m2-s. It does not require
that measurements be performed to verify that the average flux is below
this limit.

The above requirements apply to any portion of a licensed uranium
mill or disposal site that contains 228Ra or 226Ra concentrations
(averaged over areas of 100 mZ), which, as a result of uranium or thorium
byproduct material, exceed the background level by more than 1) 5 pCi/g,
averaged over the first 15 cm below the surface, or 2) 15 pCi/g, averaged
over 15-cm-thick layers more than 15 cm below the surface.

The SWDA rules specify quantitative limits for groundwater contamina-
tion. These rules specify that the owner or operator must take corrective
action if releases from disposal sites cause concentrations of hazardous
materials in groundwater that exceed background concentrations or concen-
trations beyond the compliance point specified in Table I of 40 CFR 264
(or any future regulations that might supersede 40 CFR 264). The point
of compliance is defined as a vertical surface at the hydrological down-
gradient 1imit of the waste management area that extends down into the
uppermost aquifer. The EPA regional administrator is allowed to exclude
a constituent listed in Table I of 40 CFR 264 from the list of hazardous
constituents if he finds that the constituent is not capable of posing a
substantial present or future potential hazard to human health or to the
environment. He is also allowed to establish an alternative concentration
Timit for a hazardous constituent if he finds that the constituent will
not pose a substantial present or future potential hazard to human health
or to the environment as long as the alternative limit is not exceeded.

40 CFR 192 adds the chemical elements molybdenum and uranium to the list
of hazardous constituents specified in 40 CFR 264, sets limits of

5 pCi/liter for combined 226Ra and 226Ra, and 1imits gross alpha activity
(excluding radon and uranium) to 5 pCi/liter.




SURVEILLANCE AND MONITORING PROCEDURES

This section presents recommended general procedures for surveying
and monitoring tailings piles, and discusses the quality assurance and
time schedule aspects of these activities.

QUALITY ASSURANCE

A comprehensive quality assurance (QA) plan should be established to
provide the necessary control, verification, and documentation to ensure
that survey results are valid and that deficiencies can be identified and
corrected. The quality assurance procedures should specify methods that
are consistent with standard practices for monitoring, recording results,
making duplicate measurements to determine measurement variability, and
calibrating instruments. The final aspect of the QA plan is records
management. The status of the site should be thoroughly and carefully
documented whenever the site is inspected. Records should be retained in
a permanent archive and be in a readily retrievable form. The NRC should
be informed of the development of any conditions that are in violation of
federal or state standards and/or could lead to the exposure of the popula-
tion to hazardous materials. :

TIME SCHEDULE

The geological, hydrological, and meteorological characteristics of
a site, the design of the tailings pile and its cover, and the population
density nearby determine the rate at which conditions develop that could
lead to the spread of tailings and to the exposure of the population to
radioactive and nonradioactive toxic contaminants. Therefore, the fre-
quency with which observations and measurements should be made depends on
these factors and on the results of previous observations and measure-
ments.

Surveillance and monitoring of the sites should be carried out annu-
ally for five years following decommissioning to detect any rapid struc-
tural deterioration caused by processes such as erosion, subsidence, or
human activities that could lead to the exposure of toxic materials.
Annual inspections should be continued as long as there is evidence of
such deterioration. Sites exhibiting no evidence of rapid deterioration
could be inspected less frequently after the first five years. The fre-
quency of these inspections should depend on the probability of site
deterioration leading to the exposure of the population to toxic materials.
This probability depends on the site characteristics, the population den-
sity, and the results of previous observations and measurements.

Tables 1 through 3 list inspection frequencies that are recommended
for various site characteristics and population densities. Table 1 pre-
sents a guide for estimating the effects of population, potential surface
and groundwater use, and the characteristics of the tailings pile cover
on the maximum allowable time intervals between inspections of the uranium




processing site and tailings pile. Tables 2 and 3 indicate the effects

of the potentials for surface and groundwater contamination, respectively,
on the maximum time intervals. For each site there is one or more site
characteristic that leads to the highest recommended inspection frequency.
The site should be inspected at that frequency, because the inspection
frequency should be based on the site characteristic most 1ikely to lead
to the exposure of the population to toxic materials. A site located in
an urban center should be inspected at least once a year, for example,
even if the recommended frequency based on the rainfall rate or the possi-
bility of groundwater contamination is lower.

TABLE 1. Estimated Maximum Time Intervals
Between Site Inspections After the First Five Years

Time Interval in Years

Critical Parameter <1 1 2 4 10

Population centers within 50 miles(a)
a) >1,000,000 persons X
b

<1,000,000 persons X

<100,000 persons X
<10,000 persons ’ X
) <1000 persons ‘ X

9]
— e e

d
e

Ground/Surface water use within
10 miles of the site(b)

a) drinking water - municipalities X

b) drinking water - private sources X

c) commercial or irrigation use,
not used for drinking X

d) not usable for drinking water X
(e.g., polluted, saline
aquifer)

Site Construction Characteristics(c)

a) <1 m soil cover X

b) 1 to 2 m soil cover X

c) earth and rock cover X

d) earth, rock, and asphalt or X

paved cover

(a) Distance to the nearest population center is used as an indicator of
the 1ikelihood of human intrusion into the site.

(b) Ground/surface water use within 10 miles of the site is used as an
indication of potential impact of contaminated water on the popula-
tion.

(c) Site construction characteristics are used as an indication of the
potential for release of pollutants from the site.




TABLE 2. Estimated Maximum Time Intervals Between Site
Inspections to Ensure Detection of Potential
Surface Water Contamination

Time Interval in Years Between Site Inspections

Maximum 24-h
Rainfall in.(a)

<0.5(b) 0.5-1.0(b) 1.0-2.0(b) >2.0(b)
<1 10 10 10 | 10
1 to 2 2 4 4 10
2 to 4 - 1 2 4 10
>4 1 1 2 10

Ta) Maximum 24-h rainfall in one year provides an indication of the
potential for heavy rainfall to cause surface water contamination as
a result of run-off, erosion, or flow over dykes or river banks.
This information can be obtained from sources such as Rainfall
Frequency Atlas of the United States, Technical Paper No. 40, U.S.
Department of Commerce, U.S. Government Printing Office, Washington,
D.C., 1963.

(b) Distance in miles to nearest surface water; used as an indication of
the potential for pollutants flowing overland and into surface water
bodies.

Annual visual inspections should be resumed (for five years) any
time observations or measurements have identified a rapid deterioration
of a site. Additional inspections should also be made following any natural
occurrence, such as an earthquake or flooding, that could damage the tailings
pile. Arrangements could be made for a local resident or agency to provide
notification of such occurrences. The local resident could even make a
preliminary inspection of the site. If this inspection were to uncover
possible problems, then a more detailed official inspection of the site
should be made.

PHOTOGRAPHS OF SITES

During the visual inspection, a description of the condition of the
site should be recorded. However, reference to recorded notes, or to
memory, would probably not be adequate to identify gradual changes in the
sites. Therefore, sufficient photographs to completely characterize the
sites should be taken during the first visual inspection. The exact
locations of these photographs should be recorded. During subsequent
inspections additional photographs should be taken of any area of the
site that was significantly changed.




TABLE 3. Estimated Maximum Time Interval Between
Site Inspections to Ensure Detection of Potential
Groundwater Contamination

Time Interval in Years Between Site Inspections

Average Annual 0-20(b) 20-40(b) 40-60(b) >160(b)
Net Precipitation, in.la)

-10 ‘ 10 10 -~ 10 10

-10 to 5 2 4 4 10

55 to 15 2 4 4 10

>15 1 1 2 10

(a) Net precipitation (precipitation minus evaporation) indicates the
potential for leachate generation at the site. If net precipitation
is not available, it may be calculated by subtracting the mean annual
lake evaporation for the region from the annual precipitation. This
information can be obtained from sources such as the Climatic Atlas
of the United States, U.S. Department of Commerce, National Climatic
Center, Ashville, North Carolina, 1979.

(b) Depth to groundwater in ft is used as an indication of the potential
for pollutants to contaminate the groundwater in the vicinity of the
site.

EVIDENCE OF EROSION BY WATER

Water can erode tailings piles in different ways. Erosion due to
overbank flooding, river meandering, rainfall run-off, differential settle-
ment, and embankment side-slope. failure are discussed in this section.

Erosion Due to Overbank Flooding

Erosion by water typically represents the most serious threat to the
integrity of uranium processing sites and tailings piles. Catastrophic
erosion could occur if a nearby river or stream overflowed its banks.

The forces and shear stresses generated by the overflowing water are fully
capable of rapidly eroding most, if not all, of an above-ground tailings
pile. The extent of the erosion would depend on the location, depth,
velocity, and duration of the flooding. Erosion due to overbank flooding
would occur quite rapidly, making it difficult, if not impossible, to
monitor the erosion during the flood. After the recession of the flood
the extent of the erosional damage could be determined using aerial photo-
graphy and ground-level surveying. In cases where riprap protection is
present, a close onsite inspection of the surface would be necessary to
determine whether any dislodgement of rock or damage to the underlying




filter had occurred. Any failure of the rock cover is most likely due to
the washing out of the filter material. If enough filter material is
washed out, a gully can form under the rock layer and eventually cause

the collapse of the layer. This can be easily determined by visual inspec-
tion.

Erosion Due to River Meandering

Uranium tailings piles located on river flood plains may be subject
to undercutting and erosion as a result of river meandering, a natural
process that is an integral part of flood-plain construction. Meandering
involves the migration of the river channel across the flood plain by
bankline erosion and can erode the flood plain soil to the depth of the
river, During time spans of hundreds of years, alluvial river channels
can migrate from one side of a flood plain to the other. A meandering
river can destroy any earthen structure in its path.

The migration of river channels is episodic since the maximum rate
of erosion of channel bendways occurs during and immediately following
the larger flood events of the river system. Since meandering involves
large areas of the flood plain, the simplest method of monitoring the
meandering process involves the use of sequential aerial photographs
backed by periodically updated U.S. Geological Survey (USGS) quadrangle
maps. If the tailings pile is located near a river channel, a detailed
contour map should be constructed using aerial photogrammetry and ground-
level surveying. Sequential mapping would reveal any major shifts in the
channel position. Recent or periodic bankline caving should be documented
during onsite inspections.

Overland Erosion

Another geomorphic process that could erode above-ground tailings
impoundments is overiand erosion from rainfall/run-off events. Erosion
could result from rainsplash, infiltration of water into the soil, surface
overland flow, and interflow of water moving through the soil just below
the surface. Rainsplash and surface overland flow are the primary con-
tributors to overland erosion. The erosion rates produced by these pro-
cesses will depend primarily on precipitation frequency and intensity.

A serious consequence of gverland erosion is the development of
gullies. These may begin as small rills that gradually enlarge as more
of the run-off becomes concentrated in the channels. Gullies can form
rapidly and breach the impoundment during high-intensity precipitation.
The side slopes of the tailings are especially susceptible to gully
development. Gullies resulting from the headward extension of watershed
drainage channels downstream of the tailings pile may reach the pile and
cut into the embankment.

Gullies can be produced in the tailings pile as a result of several
other processes, all of which work in concert with overland flow to rap-
idly form drainage channels. Gullies can develop in low areas (depres-




sions) of the land surface that channel run-off, causing flow depth and
velocity to increase as erosion proceeds. Differential settlement of the
surface of the tailings pile can produce a discontinuity where run-off
can collect and eventually scour a channel. A slump failure of the side
" slope of the tailings pile can create an unstable bluff face of exposed
soil that could easily develop into a gully. Channels (pipes) that form
beneath the soil surface can lead to qully development when the pipe be-
comes large enough to cause the surface to collapse. Conditions that can
lead to the development of pipes include the presence of 1) a hydraulic
head, 2) sufficient clay content to produce a potential for swelling or
shrinkage, 3) a permeable soil horizon over an impermeable soil horizon,
4) cracks and bedding planes for drying, 5) a percentage of exchangeable
sodium in the soil, and 6) burrowing by animals.

Gullies can develop over large areas of a site. Therefore, the rate
of development of gullies can best be determined by sequential aerial
photographs followed by onsite surveying. The aerial photographs, to-
gether with profile leveling, would quantify the progressive changes in
the cross-sectional shape, size, and gradient of the gully channel. These
changes should be correlated with rainfall records since a single high-
intensity storm can produce significant erosion. If significant erosion
is determined to have resulted from such a storm or a series of such storms,
the site should be inspected in the future at a frequency related to the
frequency of the storms. In the case of gully channels that are rela-
tively close to the base of the tailings pile, the inspections should
include sequential engineering surveys of the gully system to quantify
the rate and extent of gully development.

It is extremely important to determine the possible causes of any
gullies that develop. If they are due solely to erosion by overland flow,
then any further monitoring would employ aerial photography and ground
surveying. Gullying due to pipe collapse should be carefully investigated,
since the pipe collapse could continue to occur at unpredictable locations.
If animal burrows are the primary cause, the extent of burrowing and the
type of animal should be identified to determine the probability that
further gully development may result. Excavation of the earthen cover
may be necessary to identify other, Tess obvious causes.

Overland erosion can lead to sheet and rill erosion in which the
surface is eroded rather uniformly over a relatively large area. This
type of erosion can be difficult to detect visually. The best method for
monitoring the rate of sheet erosion is to establish several well-fixed
benchmarks (similar to USGS monuments) and to check for any significant
soil loss with profile leveling. Engineering levels can be read to a
fraction of an inch. Soil erosion of this small magnitude wouid be of
little consequence. However, average soil losses of more than an inch
per year could be significant. :

Stainless steel rods driven several meters into the tailings pile
can also be used to estimate erosion rates. The rods should extend well
below the freeze-thaw level of the soil. The rods would not need to extend




above the surface initially, but could be buried to the depth at which

the top of the rod would extend above the surface when soil loss became
significant. Any subsequent exposure of the rods would provide a measure
of the average rate of soil loss. Several rods could be buried at differ-
ent depths to provide for long-term monitoring. This procedure would
reduce the visibility of the rods and partially solve the problem of van-
dalism.

Inspecting vegetation on the cover surface for root exposure would
provide an estimate of the amount of erosion. This method would not be
affected by vandalism, but the reliability of measurements of soil loss
by this method is questionable.

Another possible method for measuring sheet erosion is to monitor
the accumulation of soil deposits at the base of the tailings pile. The
accumulation of soil deposits is easier to detect than the loss of so0i)
by sheet or rill erosion, because the deposits are concentrated in a small
area.

Differential Settlement of the Tailings Piles

Differential settlement usually occurs when the foundation of a struc-
ture allows more settlement at one location than another. This could
result from the use of -heterogeneous foundation soils or from the dewater-
ing of the residual moisture within the tailings pile. The accompanying
settlement would initially lead to the cracking of the tailings pile cover,
with one side of the crack normally being at a lower elevation than the
other. This would allow a concentration of run-off to develop into a

gully.

If a riprap cover is in place, it may be difficult to identify a
small amount of differential settlement (several inches) because the rock
surface is irregular. The rock cover may partially or completely "heal"
the rock surface, since the rock blanket is held together by gravity and
would adjust to any new difference in elevation. However, any noticeable
differences in rock layer elevation should be investigated to determine
whether differential settlement has occurred. Also, the integrity of the
underlying gravel filter should be examined during the inspection. 1If
separation of the rock cover has occurred, further investigation and en-
gineering analysis may be warranted.

Embankment Side-Slope Failure

Almost any degree of side-slope failure could lead to serious erosion
of the tailings pile. This type of failure would most 1ikely lead to
severe qully erosion. Therefore, the tailings pile should be inspected
to determine whether slope failure is occurring each time the site is
inspected. Sometimes there are indications that a slope failure is immi-
nent (e.g., tension cracks along the upper surface indicate the soil mass
is beginning to slump). This type of failure is