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1.0 SITE CHARACTERIZATION DESIGN

This section presents the rationale for obtaining the data necessary for de-
fining the extent of the contamination of the sites and designing the radon bar-
rier necessary to meet the radon flux standard. For piles or portions of piles
that are to be moved from their present location, the depth below the pile that
must be excavated in order to meet the soil contamination limits must also be de-
termined, This depth along with the off-pile volumes of contaminated material
are collectively referred to as the "limits of contamination." In some cases,
due to the type of excavation equipment or conditions at the site, additional
volumes of material may be defined for removal. In such cases, volumes for re-
moval may be based on "limits of excavation."



2.0 APPROACH TO DATA ACQUISITION FOR DEFINING THE LIMITS OF EXCAVATION

This section presents the rationale for obtaining data for defining the ex-
tent of contamination and is primarily based on a previously published paper
(TAC, 1985a).

Certain considerations are made prior to designing a radiological data ac-
quisition plan for each of the 24 inaciive mill tailings sites. First, it is re-
cognized that large scrapers and other earth-moving equipment will be used to
excavate and transport off-pile material to the disposal site, Since excavation
lifts of less than four to eight inches are not practical, and the excavation
length is normally a minimum of 75 feet, the use of large equipment limits the
density of data necessary for defining the limits of contamination to approx-
imately a 50-foot grid and six-inch incremental deptns., For areas with relative-
ly constant contaminatinn levels and depths, data from grid points a few hundred
feet apart are adequate.

The second consideration in planning a radiological site characterization
survey 1s the physical or characteristic size of the contaminated volume, A re-
view of the use of a processing site, including old photographs, provides an in-
dication of the degree of disturbance of the site, At some processing sites,
the mill and ore storage areas were significantly recontoured during the life of
the facility, Extensive regrading of these areas normally results in contam-
inant dispersal with depth, but possibly over small areas., Therefore, a sam-
pling density of at least one point per anticipated characteristic size of the
contaminated area is desirable if a high degree of accuracy in locating the con-
taminated material is desired.

A third consideration is the accuracy that is desired in defining the loca-
tion and volume of contaminated material prior to the remedial action, For the
UMTRA Project, it was decided that an attempt would be made to define the extent
and volume of off-pile contaminated materials to be excavated to within roughly
20 percent, Reliance on radiological monitoring during excavation would subse-
guently assure that EPA standards are met,

The considerations presented above are general, Site-specific consider-
ations, normally related to cost, or particular conditions of the site, can sig-
nificantly alter the radiological characterization approach, Better definition
of the contamination may reduce over-excavation and is particularly justified in
situations where the material may be transported for long distances to an alter-
nate disposal site, [If the excavated area will require costly restoration, or
if smaller earth-moving equipment is wused, better definition of the contamina-
tion may also be cost effective,

2.1 Elements of radiological site characterization

Site grid and land survey

A site coordinate system is first established using reference eleva-
tions and state plane coordinates., All data to be collected for engineer-
ing designs are reported relative to the site coordinate system and are
provided on a magnetic data tape in a format that is compatible with the




UMTRA Project Technical Data Management System, Land topography on two-
foot contours s digitized and also placed in the Technical Data
Management System. Overlay maps are computer-developed to aid in interpre-
tation of data for limits of contamination.

Borehole Drilling and Logging

For areas of known or suspected deeply-buried contamination, holes
are augered at five-foot depth increments and downhole-logging with a gam-
ma scintillometer (Nal) is performed through the hollow-stem auger, In
cases where rotary drilling is necessary, the hole may require casing pri-
or to downhole logging. The downhole-logging instrumentation is calibrat-
ed to pads of known radium-226 concentrations in order to derive a
radium-226 measurement in pCi/g. Split-barrel samples are collected from
a percentage of bore holes to analyze for radium-226 by gamma spectroscopy
and for thorium-230 and natural uranium by radiochemical separation and al-
pha spectroscopy. Lithologic logging is done according to the Unified
Soil Classification System, where visual soil classification is recorded
on standard report forms, A land survey to obtain the horizontal coordi-
nates and elevations of all boreholes is done following the radiological
survey.

If adequate data are not available, a drilling study is done to deter-
mine the depth of contamination beneath the tailings pile interface.
Split-barrel samples are collected and analyzed for radium-226 concentra-
tion., Selected sub-interface samples are also analyzed for thorium-230
and heavy metals, Data from some sites indicate that some heavy metals
such as arsenic and molybdenum migrate to a greater depth beneath the tail-
ings than does radium-226.

Gamma exposure rate measurements

Gamma exposure rate surveys are often used to define the approximate
boundaries of large areas where the contamination ligs near the surface,
such as areas contaminated by wind or water disposal from a tailings
pile,For a gridded area off the pile and away from known contamination,
gamma exposure rate measurements are made at each grid point at three feet
above the surface and at ground level, 1f the ground level measurement is
higher, then localized surface contamination is suspected. Along each hor-
fzontal and vertical grid line, a traverse is made with gamma measure-
ments recorded at three feet above the surface to determine anomalous hot
spots and the approximate boundary of off-pile contamination in relation
to the 5 pCi/g radium-226 standard, A scintillometer reading of five to
10 microR/hr above amtient levels is used as a guide to estimate the 5
pCi/g radium-226 perimeter, The gamma survey is carried out to near-
background levels to ensure that the areal extent of all windblown contam-
ination has been found, Locations with elevated gamma exposure rates are
recorded and marked for subsequent sofl sampling, Significant anomalous
areas are investigated further and the areal extent is defined by four 3-
foot gamma measurements along the perimeter of the anomalous area and one
along the traverse line, Gamma traverse measurements are also done along
suspected areas, such as drainage washes, railroad and highway beds, and
tops of bluffs, Potential sources of contamination such as old equip-



ment o« junk piles are gamma and alpha-scanned. Gamma Surveys are conduct-
ed using a scintillometer capabie of detecting 5 microR/hr and calibrated
against a pressurized ionization chamber in the field. Daily source
checks are done to ensure proper operation of each instrument.

Radium-226 concentration determination by soil sampling and in-situ

measurements

Certain areas of the site are normally expected to have contamination
only in the top one foot laver. These areas iend themselves to soil sam-
pling and analysis rather than bore hole logging. A grid is constructed
and surface soil samples are taken at approximately 50 percent of the grid
locations in order to acquire a non-biased estimate of the magnitude and
distridbution of contamination. Soil samples are analyzed for radium-226
and thorium-232 in the laboratory by gamma spectroscopy, following drying
and preparation of the sample. At grid points where a surface soil sample
is taken, an in-situ “delta" measurement is made at a depth of six inches.

A delta measurement consists of a collimated scintillometer (Nal) cal-
ibrated to provide an in-the-field estimate of localized radium-226 concen-
tration, Soil gamma emissions are counted with and without an absorber
placed between the soil and the collimated scintillometer. The difference
in count rates indicates the gamma emissions from beneath the detector.
The delta unit is calibrated on pads which have known radium-226 concentra-
tions in order to derive a radium-226 measurement in pCi/g.

The delta measurement is sued as a guide for determining soil sample
locations to better define areal boundaries and depths of contamination.
The delta measurement is particularly useful at locations in high gamma-
shine areas such as near a tailings pile. If the delta measurement at a
depth of six inches indicates levels above 5 pCi/g radium-226, a soil sam-
ple is taken at the interval from six to 12 inches, followed by a delta
measurement at a depth of 12 inches. This procedure continues until the
delta measurement decreases below 5 pCi/g radium-226 or a delta measure-
ment has been taken at a depth of 18 inches. An in-situ measurement equal
to or less than 5 pCi/g radium-226 normally provides statistical confi-
dence that the actual cuncentration is less than the 15 pCi/g limit for
subsurface contamination. If the 18-inch delta measurement indicates lev-
els above 5 pCi/g radium-226, a bore hole is drilled at that location and
downhole-logged to determine the depth of contamination, Biased soil sam-
ples and delta measurements are taken to determine contamination levels to
a depth of 18 inches at anomalous locations as detected by gamma exposure
rate measurements, The purpose of these measurements is to determine if
contamination levels below the surface meet the EPA standard of 15 pCi/g
radium-226,

In areas where gamma exposure rate measurements diminish to less than
10 microR/hr above background, biased surface delta measurements and soil
samples are taken to better define the 5 pCi/g radium-226 perimeter, In
this case, staggered delta measurements are taken in order to determine ad-
ditional soil sample locations along the estimated 5 pCi/g radium-226 pe-
rimeter line., Subsequent gamna spectroscopy analyses of soil samples
provide a measure of the accuracy and precision of in-situ measurements.




2.2

The purpose of these measurements is to determine the extent of surface
contamination exceeding the EPA standard of 5 pCi/g radium-226 in the
first six inches of soil.

A percentage of the soil samples over a range of activities are an-
alyzed for thorium-230 and natural uranium in order to compare the concen-
tration to that of radium-226. In some cases, excavation criteria are
based on uranium or thorium rather than radium-226. One particular exam-
ple of this 1is where a preferential separation of thorium-230 from
Radium-226 in raffinate ponds occurred. Thus the limits of contamination
in these ponds is dependent on thorium-230, rather than the radium-226 con-
centration. The percentage of samples, as well as the location of these
samples that are analyzed for thorium-230 and uranium, is determined after
reviewing the history of the site and the process chemistry,

Building surveys

For building surveys, measurements are taken for surface alpha contam-
ination (removable and total), gamma-ray exposure rate, and radon daughter
concentration. Two different plans exist for surveying buildings; one
plan is for structures to be demolished, and another for structures that
are to be decontaminated., A limited survey is done indoors and around the
exterior of structures that have no salvage value., Surface alpha contam-
ination levels are measured in these buildings in areas suspected of being
contaminated in order to obtain a measure of the degree of potential haz-
ard to workers during the demolition period. The gamma exposure rate at
three feet above the surface in the center of each room is recorded,

For structures with salvage value, more extensive surface alpha and
gamna exposure rate surveys are done on a grid of approximately 10 to 20
feet to determine areas where decontamination is necessary. In addition,
biased alpha contamination sampling is done at locations likely to be con-
taminated such as flat ledges or otner dust collection points, If elevat-
ed surface alpha or gamma levels are indicated near large quantities of
loose materials, the surface is swept and a sample is taken to be analyzed
by gamma spectroscopy. Radon daughter concentration (RDC) measurements
are made to determine levels in relation to the EPA indoor RDC standard of
0.02 Working Level, If the building was constructed during or subsequent
to milling operations, bore holes may be drilled through the flooring, es-
pecially near anomalously high gamma exposure rate readings to detect sub-
structure contamination,

UNCERTAINTIES IN VOLUMES OF EXCAVATION

Constraints on site characterization efforts and site characteriza-
tion sampling designs impact upon the ability to define both limits of con-
tamination and limits of excavation, Current site characterization
designs have two basic components; one component is aimed at identifying
the boundaries of areas, another at estimating depths and material vol-
umes , The  boundary investigation s primarily “deterministic"






It is likely that these conservative features used in estimating exca-
vation volumes will help bring the volumes actually excavated into line
with the volumes used in engineering design; however, it is still likely
that volumes actually excavated will be greater. This statement is based
on two premises:

o The excess excavation by earth-moving equipment on areas with a
distinct well-defined contaminant interface is more likely to be
one foot rather than six inches.

o First-cut excavation in an area is likely to be to the average ar-
ea-wide depth given in the design, leaving some area of deeper con-
tamination to be excavated as an excess.

As an exercise, the concepts described above were applied to the vol-
umes of excavation calculated from the site characterization data from an
actual site (TAC, 1985b). Two estimates were attempted:

0 Predicted maximum error in the conservative design excavation vol-
ume, accounting both for errors in site characterization and for
excess excavation due to the use of heavy equipment and infrequent
excavation control measurements,

0 Actual contaminant volume compared to the conservative excavation
volume specified in the design.

In the first case, it was estimated that the maximum error in the de-
sign volume compared to the excavated volume is expected to be approximate-
ly 15 percent for the off-pile material, If the pile is to be moved and
the volume of the pile is also included in the volume, the maximum error
is in the range of five to 10 percent. 1In both situations, the excavated
volume is expected to be larger than the design volume.

For the second estimate, an analysis of the actual contamination vol-
ume was made and comparad to the design volume, The results indicate
that the design volume is probably larger than the actual volume by up to
15 percent for the off-pile material and five percent for the total vol-
ume, including the pile.

Considering the results of the two estimates above, it would be ex-
pected that the actual excavated volumes would be higher than the actual
contaminated volumes by up to 30 percent for the off-pile areas or by up
to 10 percent for the tota! volumes, including the pile. This, of course,
assumes excavation with large machines and not so stringent excavation con-
trol. These errors could be reduced by using smaller machines and better
excavation control. The balance, of course, should be determined by weigh-
ing the disposal cost against the increased excavation and monitoring
costs.



3.0 APPROACH TO DESIGNING THE RADON BARRIER

he thickness of cover material required to limit radon flux to 20
pCi/m“sec is calculated using the computer code RAECOM (NRC, 1984). The math-
ematical model implemented in RAECOM describes one-dinensignal steady-state ra-
don diffusion through a two-phase multilayer system of porous media,
representing the tailings pile and its cover.

Multiple layers of tailings and cover are allowed, with differences in phys-
ical, radiological , and diffusional properties represented by seven layer-
specific input parameters. Radon concentrations in both soil-air and soil-water
phases are treated, as well as the exchange between phases. Boundary conditions
are the radon flux into the bottom of the pile and the air concentration of ra-
don at the surface of the pile. In addition, interface conditions are applied,
requiring continuity of both flux and concentration in both phases at layer in-
terfaces. The exact simultaneous solution to the coupled radon mass balance and
flux equations for the two phases is performed using matrix algebra for the gen-
eral n-layer case.

The seven values required for each layer of the tailings piie system mod-
eied by RAECOM are:

Thickness of layer.,(cm).

Bulk density (g/cm™).

Porosity (fractional).

Moisture content (percent dry weight basis).
Emanating fraction of radon (frgctional).
Radon diffusion coefficient (cm™/sec).
Radium concentration (pCi/g).

oOo0oO0Do0ooO0oo0o

In addition to these parameters describing the layers of the stabilized
pile, RAECOM requires input of the total number of layers in the lee and the
layer to be optimized in meeting the specific flux limit (20 pCi/m"sec) at the
surface., Also, the radon boundary conditions at the top and bottom of the pile
must be fpecified. The bottom condition is always an incoming flux equal to ze-
ro pli/m"sec for tailings piles. The top condition is the observed ambient ra-
don concentration (pCi/l) in the air nesar the site,

The selected values for each parameter listed above are discussed briefly
below.

Layer thickness. The proposed structure of a stabilized pile may have
several layers, A typical layering of a pile to be stabilized off-site might
be: a layer composed of a mixture of the tailings with the existing pile cover
and the contaminated soil from beneath tne pile; a layer of windblown, evapora-
tion pond, and other contaminated materials; a compacted radon barrier cover;
and a rock and gravel erosion protection cover,

A typical layering of a pile to be stabilized on site might consist of: a
number of layers representing the in-situ pile and subpile conditions of radium
profile, moisture, porosity, etc.; one or more layers of other contaminated mate-
rials (windblown, ponds, vicinity property); and the radon barrier as well as a
layer of rock and gravel for erosion protection,



For either stabilization configuration, the radon attenuation properties of
the erosion protection layer is ignored.

Bulk density. The bulk densities of tailings and cover are based on stan-
dard Proctor tests and reflect the design compaction of 90% of standard Proctor
for tailings and 95% for cover.

Porosity. The tailings and cover porosities are calculated from the bulk
densities at the design compaction, using the specific gravity of the material,
which is measured or estimated along with other geotechnical parameters. The
equation used is:

Porosity = l-(bulk density)/(specific gravity).

Moisture content, The moisture contents for the pile and cover are based
on calculations of the long-term moisture content using site-specific data.

Radon emanation., Radon emanating fractions are measured over a range of
moisture contents, The overall average of these values is normally used in mod-
elling the tailings pile.

Radon diffusion coefficients. Radon diffusion coefficients for tailings
are measured for samples from the site. Measurements are made with the moisture
content at or near the predicted long-term moisture of the stabilized tailings.

Radon diffusion coefficients for locally available cover materials are mea-
sured at the long-term predicted moisture content in order to develop the Site
Conceptual Design. For the final design, these measurements are made, as con-
struction proceeds, on the borrow materials used and the radon barrier thickness
adjusted, accordingly.

Radium content, The radium concentrations are measured on samples taken
from each area of the site. Windblown, evaporation pond, and mill site areas
are normally characterized in addition to the tailings piles.

Ambient radon. The ambient radon concentration in air is the top-
of-the-pile boundary condition for RAECOM and is based on measurements near the
site,

3.1 APPROACH TO DATA ACQUISITION FOR DEFINING THE PILE AND RADON BARRIER
CHARACTERISTICS

The previous section provided information on the parameters required
to assess the radon source term and calculate the thickness of radon barri-
er material required to meet the radon flux standard. A sensitivity anal-
ysis was conducted and published by Smith et al. (TAC, 1985c), where the
effect on cover thickness was assessed for changes in each of the param-
eters, In addition, the range and variability of the radium concentration
and emanating fraction in UMIRA Project tailings piles was studied by
Nelson et al. (TAC, 1985d). From the information gained from these two
studies, it is possible to develop a characterization plan where resources
for characterizing the pile and radon barrier can be allocated to minimize
the uncertainty in the predicted radon flux from the disposal site, The
two papers nave been included as an appendix.



3.2

The parameters in order of decreasing importance are listed as follows:

0 Radon barrier radon diffusion coefficient (including the long-term
predicted moisture).

0 Pile radium concentration,
o Emanating fraction of radon for the tailings.
o Radon diffusion coefficient of the tailings.

o Cover and tailings porosity, tailings moisture.

COVER SAMPLING

The overall residual uncertainty in the radon barrier thickness is
dominated by the cover moisture content and the cover diffusion coeffi-
cient which is a sensitive function of the moisture (see Section )
for discussion of the method for predicting long-term moisture),

The cover diffusion estimates used for preliminary radon barrier de-
sign are measured for several locally available materials. The number of
the measurements is limited to conserve funds for measurements on the fi-
nal borrow. In addition, the preliminary cover measurements are made over
a wide range of moisture contents so a diffusion coefficient value may be
estimated for any long-term moisture content. The small number of prelim-
inary measurements of cover diffusion coefficient does not allow the over-
all uncertainty on cover thickness to be reduced to a desirably low level,

It is intended that measurements of the actual borrow materials will
be sufficiently intensive that the uncertainty in required cover thickness
will be reduced to a reasonable level. Based on the statistical study by
Smith et al. (TAC, 1985c), about 40 to 50 measurements of final cover dif-
fusion coefficient would be appropriate in view of the cost of the mea-
surements., These measurements would be concentrated in a small range of
moisture contents close to the predicted long-term moisture content,

The actual cover design is done considerably before construction on a
site begins. It may be necessary that measurements of the diffusion coef-
ficient of the actual borrow be made before the final design is approved.
Once the actual borrow site has been selected, 10 samples representative
of the material that will be removed from the site and placed as cover
should be taken, These samples should be about five kg each. If special
seiving or admixtures will be used in preparing the cover material, the
samples should be likewise prepared., Measurements of diffusion coeffi-
cient will be made on these samples at the long-term moisture contznt and
estimated as-placed compaction of the cover.

It is expected that some difference in diffusion coefficient will be
found between soil samples compacted in the laboratory and those compacted
by heavy machinery in the field. To assure that the cover thickness to be
applied is entirely appropriate, it is considered necessary to take undis-
turbed samples of the placed cover for diffusion coefficient

10



3.3

3.4

analysis. During the course of cover placement, approximately 40 undis-
turbed samples will be taken with a special sampling tool. These will be
analyzed for diffusion coefficient at the field compaction after adjusting
the moisture content to the predicted long-term average.

The data from these measurements will be used to assess the variabil-
ity in the diffusion coefficient of the cover at a particular moisture con-
tent, and early results may allow final changes to the required cover
thicknesses.

PILE SAMPLING

In the previously cited studies of the characteristics of the UMIRA
Project piles, it was pointed out that the mean, standard deviation, and
the standard error are all important statiscical parameters to know for
each of the design parameters of interest., It was also pointed out that
since the flux standard was written as an average over the disposal site,
the mean value of the design parameter for each layer of pile or cover is
of interest and the uncertainty in the mean parameter is measured by the
standard error of the mean, Since the standard error is obtained by divid-
ing the standard deviation by the square root of the number of measure-
ments, the uncertainty in the design can be reduced to any desired level
by increasing the number of measurements.

In order to limit the uncertainty of the design to within one to two
feet for most of the UMIRA Project piles, it is normally necessary to lim-
it the combined uncertainty in the cover thickness due to the uncertainty
in all the tailings properties to less than one foot. This normally re-
quires limiting the uncertainty in the cover arising from approximately
three inches, The number of samples necessary to accomplish this uncer-
tainty is determined on a sits-specific basis and depends on the available
cover material, predicted long-term moisture, and mean design parameter
values and their variability within the tailings pile. The typical number
of samples required are 100 to 300 for radium concentration, 10 to 30 for
emanating fraction, and fewer than 10 for the remaining design input tail-
ings parameters. A detailed discussion of the rationale for selecting the
number of samples for measurement of the porosity, diffusion coefficient,
radium concentration, and emanating fraction for the tailings is presented
in (TAC, 1985d).

Emanating fractions and diffusion coefficients are made on relatively
pure samples of slimes and sands, as well as for samples having a mixture
of sands and slimes. Since piles are made up of sands and slimes, as wel!l
as a mixture of the two, average values for the measurements made at the
long-term predicted moisture are used in the design calculations.

INHERENT SAFETY FACTORS IN THE DESIGN APPROACH

The cover dQsign for the pile is intended to give an annual average
flux of 20 pCi/m“sec. However, some conservative assumptions are implic-
it which indicate the actual flux should, in fact, be less.
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The design moisture content of the pile is intended to be the driest
long-term moisture content maintained by the pile materials considering
climate, the consistency and compaction of the material, and the depth of
the material in the pile. To the degree the actual moisture content re-
mains above the design moisture content, the actual flux will be less than
the design flux. Any periods of harsh winter will add an additional
degree of safety not reflected in the design. Whenever the soil is very
wet, frozen, or covered with snow, the radon is effectively blocked from
escaping into the atmosphere. Depending on the period over which such con-
ditions exist, there will be a reduction in the actual annual average flux
as compared to the design flux.

In the design of the pile, no radon flux attenuation is attributed to
the rock and gravel cover applied to the pile as erosional protection.
There is some decrease in the radon flux due to this cover; thus, a safety
factor is present,

No safety factors are intentionally applied in the design of the ra-
don barrier, which is in agreement with the design nature of the radon
flux standard as expressed by the EPA in its comments on the basis of the
regulations. It is the intent, however, of this discussion to make clear
that there are reasons to expect that the annual average flux would be low-
er than the design flux.

12



4.0 APPROACH FOR RADON MONITORING AROUND UMTRA PROJECT SITES

There are three time stages when monitoring of the ambient air concen-
trations of Radon-222 is performed around UMTRA Project sites (before, during
and after construction)., Approximately one year prior to the planned remedial
action construction, screening level measurements are made using film-type inte-
grating detectors. During construction, both film-type integrating detectors
and continuous flow lucas cell instruments are used. For about six months fol-
lowing the end of construction, film-type detectors are used to document the re-
duction in ambient radon concentration from the stabilization effort,

During the pre-remedial action monitoring period, there are two purposes
for collecting the ambient radon concentration data. The first of these is to
determine the background values at the site boundary in the presence of the in-
fluence of the radon release from the site itself, The second purpose is to con-
firm the overall pattern of radon concentration in the vicinity of the site to
assist in the most effective placement of the monitors to be used during the re-
medial action construction. The monitors used during construction allow site
personnel to control the construction activity to keep the ambient radon concen-
tration off site to less than 3.0 pCi/l. The "“real time" data from these mon-
itors also provide evidence to the local concerned public that the construction
operation is not releasing dangerous amounts of radon to the environment, After
construction is complete, measurements of the ambient levels at the site bound-
ary are made in order to demonstrate that the radon levels diminish to near back-
ground levels.

The screening level measurements are made using Track Etch detectors. Due
to the relatively poor sensitivity of these detectors (2 tracks per square milli-
meter, per pCi/l-month), exposure periods of at least three months are employed.
This results in only 57 total tracks (events counted) when the detector is read
at the manufacturer's highest sensitivity for an average (environmental level)
concentration of 0.5 pCi/l. In addition, duplicate detectors are used at each
monitoring location to detect outliers and improve counting statistics.
Approximately 20 locations in the vicinity of each processing site have the du-
plicate detectors installed. With no more than six installed around the site pe-
riphery, the majority of the detectors are placed in the Jlocal downwind
direction, Since the prevailing wind is usually not associated with stable con-
ditions, care is taken to site the downwind detectors in consideration of site-
specific meteorological dispersion factors. About three monitoring locations
are chosen upwind or crosswind from the processing site at distances of more
than several kilometers. These background locations are carefully chosen in the
event of nearby uranium mineralization or other uranium processing operations.

To allow virtually real time control over construction operations during re-
medial action, continuous radon monitors are placed at three to five locations
around each site, Moving weekly averages of the hourly reported concentrations
are used to determine trends in the ambient radon concentration. If the weekly
average rises to the 3.0 pCi/l level, construction activities are curtailed and
steps are taken to reduce the radon release rate by watering and covering ex-
posed tailings. In addition to the continuous monitors, passive integrating de-
tectors are also wused during the construction phase to document the radon
concentrations during that period at certain sensitive receptor sites around the

13



facility. Monitoring locations typically include schools, hospitals and other
public service facilities. Track Etch detectors are typically used with quarter-
1y exposure and duplication as in the pre-remedial action time frame.

To determine the degree of success of remedial action as measured by perfor-
mance against the ambient air portion of the EPA standards, radon measirements
are made at the site boundary after construction is complete, These measurements
are made only at those sites where the tailings have been stabiiized in place,
and then at the same locations monitored during the pre-construction stage. The
measurements are compared to the 0.5 pCi/l above background standard. Track
Etch detectors are used in the same fashion as described above.
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