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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
spotisibihty for any third party's use, or the results of such use, of any information, apparatus,

|product or process disclosed m this report, or represents that its use by such third party would '

not infringe privately owned rights.

NOTICE

Availabihty of Reference Materials Cited in NRC Publications

Most documents cited in NRC publicatens will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Of f ace, Post Office Box 37082,
Washington, DC 20013 7982

3. The National Technical information Service, Springfield, VA 22161

Although the listmg that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC PubFc Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; wendor reports and correspondence; Commission papers; and apphcant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports. NRC-sponsored conference procealings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reporis prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical hbraries include all open literature itens,
such as books, journal and periodical articles, and transactions. Federa/ Register notices, federal and
state legislation, and congressional reports can usually be obtained from these hbraries

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
I

proceedings are available for purchase from the organization sponsoring the pubhcation cited.

Single copies of NRC draf t reports are available f ree, to the ex tent of supply, upon written request:

to the Division of Technical Information and Document Control, U.S Nuclear Regulatory Com
mission, Washington, DC 20555.

Copies of endustry codes and standards used in a substantive manner in the NRC rnquiatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organitation or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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ABSTRACT

Decommissioning of a uranium processing site requires radiological
surveys to: 1) identify buildings, equipment, and open land areas
that require cleanup; 2) verify that cleanup operations have been success-
ful; and 3) provide a record of the radiological condition of the site
following cleanup. This report describes the instruments, measurements,
quality assurance, and statistical procedures that can be used to perform
pre- and post-cleanup surveys. The procedures described include: 1) gamma-
radiation exposure-rate measurements using micro-R-meters, 2) beta-gamma
measurements using Geiger-Mueller tubes, 3) wipe tests for surface contami-
nation, and 4) soil analyses for 226 a and other 2380 daughters.R

During the pre-cleanup survey, locations likely to have 226Ra concen-
trations that exceed standards can be identified by gamma-radiation exposure-
rate measurements. Sanples of soil or other material from locations showing
elevated exposure rates then can be analyzed for 226 a to determine theR

boundaries of areas that exceed standards. Measurements of 238U in the
samples can be used to determine whether the 226 a is due to mill tail-R
ings. Beta-ganna measurements and wipe-sanple analyses at locations that
are suspected of being contaminated with uranitin can be used to determine
whether uranitin concentrations exceed standards for either fixed or remov-
able contamination. A post-cleanup survey that is similar to the pre-
cleanup survey can be used to verify that cleanup has been successful.

,
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EXECUTIVE SUMMARY

Decommissioning of a uranian processing site requires radia'ogical
surveys to: 1) identify buildings, equipment, and open land arehs
that require cleanup; 2) verify that cleanup operations have been suc-
cessful; and 3) provide a record of the radiological condition of the
site following cleanup. This report describes the instruments, geasure-
ments, quality assurance, and statistical procedures that can be used to
perfonn pre- and post-cleanup surveys. The procedures described include:
1) gamma-radiation exposure-rate measurements using micro-R-meters,
2) beta-ganna measurements using Geiger-Mueller tubes, 3) wipe tests for
surface contamination, and 4) soil analyses for 226Ra and other 238U dau-
ghters.

Estimates of radiological background levels should be made at each
processing site so that increases above background levels can be determined.
Estimates of average background levels can be based on existing data,
such as pre-operational surveys. Contamination resulting from processing
operations could make it difficult to estimate backgrounds from post-
operational data.

A comprehensive quality assurance plan can provide the control, veri-
fication, and docunentation necessary to ensure that survey results are
valid and that deficiencies are identified and corrected. The quality
assurance procedures should specify methods for monitoring, for recording
results, and for making duplicate measurements to determine the precision
of the measurements.

Proper sampling design and data analysis will maximize sampling
efficiency, ensure the validity of estimates of average concentrations,
accurately delineate areas requiring cleanup, and assure that cleanup
criteria are satisfied. It is important to verify that the statistical
procedures used are sufficiently accurate for the purpose for which they
are enployed. For example, statistical procedures for estimating average
concentration are usually based on the assunption that the data population
is normally distributed, so it must be verified that the data are, or can
be transformed into, a normal distribution before these procedures can be
used. Since cleanup operations can substantially alter contamination
levels and patterns, the statistical characteristics of the post-cleanup
monitoring data could be different from the pre-cleanup monitoring data.

During the pre-cleanup survey, areas likely to have 226 a or uraniumR

concentrations that exceed existing standards can be identified by gamma
radiation and beta-gamma measurements at the grid points of approximately
a 2 m X 2 m grid over lower surfaces inside buildings and at about 30
uniformly spaced locations on overhead surfaces. Wipe samples that are
collected at locations showing elevated gamma or beta-gamma exposure rates
and on the surf aces of equipment, drains, pipes, and ductwork can be ana-
lyzed to identify locations that exceed standards for removable contami-
nation.

!
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During the preliminary survey, gamma-radiation measurements made at
about 50-m intervals on radials extending from any possible sources of
radioactivity, such as tailings piles, can be used to detect windblown
residual radioactivity. For smaller, more localized sources, a smaller
spacing between measurements can be used. The boundaries of areas having
elevated exposure rates can be estimated from gama-radiation measurements
at the grid-points of approximately a 10 m X 10 m grid. Soil analyses
and/or borehole logging can be used to determine whether 226Ra concentra-
tions exceed standards at locations showing elevated exposure rates. If

226Ra concentrations exceeding standards are measured a spectrum of 238u
daughters can be measured to determine whether the 225 a is due to tailings.R

The anbient gama-radiation exposure rates of areas close to unstabil-
ized tailings piles could be so high that gamma radiation measurements
using unshielded detectors could not be used to locate deposits of residual
acti vi ty. In this case, it may be possible to measure increases in the
exposure rate that are due to 226Ra by using micro-R-meters that are
shielded on the sides with lead. Measurements made with and without a
lead shield placed between the detector and the earth also can be used to
identify locations having elevated 226 a concentrations, if the ambient

'

R

exposure rates measured using a shielded micro-R-meter are still too high

topermitthegRaatgridpoints.
tection of residual radioactivity, soil samples should be

analyzed for

Post-cleanup surveys can be carried out in buildings and open land
areas that have undergone cicanup to determine whether cleanup has been
successful in lowering contanination levels to existing standards. The
procedures used for a post-cleanup survey can be much the same as those
used during the pre-cleanup survey.

The EPA standards set limits for average annual radon daughter concen-
trations in buildings. The radon daughter concentrations can be measured
using a ZnS scintillator to count the alpha particles emitted by 5 to 10
min air-filter sanples collected in closed-up buildings. The annual aver-
age concentrations should be about 0.6 times the concentrations measured
in closed-up buildings.

;
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1.0 INTRODUCTION

Operators of uraniun recovery sites that process ores containing
greater than 0.05% uranium, by weight, are required to have a Nuclear
Regulatory Commission (NRC) Source Material license under 10 CFR Part 40,
" Domestic Licensing of Source Material," and are required to comply with
10 CFR Part 20 " Standards for Protection Against Radiation." Inactive
urantun processing sites are required to meet the standards contained in
40 CFR 192, " Standards for Remedial Action at Inactive Uranium Processing
Sites." These standards require that " remedial actions shall be conducted
so as to provide reasonable assurance that, as a result of residual radio-
active materials from any designated processing site:

(a) The concentration of radiun-226 in land averaged over any area
of 100 square meters shall not exceed the background level by
more than

(1) 5 pC1/g, averaged over the first 15 cm of soil below the
surface, and

(2) 15 pCi/g, averaged over 15 cm thick layers of soil more
than 15 cm below the surface

(b) In any occupied or habitable building

(1) The objective of remedial action shall be, and reasonable
effort shall be made to achieve, an annual average (or
equivalent) radon decay product concentration (including
background) not to exceed 0.02 WL. In any case the radon
decay product concentration (including background) shall
not exceed 0.03 WL, and

(2) The level of gamma radiation shall not exceed the background
level by more than 20 microrcentgens per hour."

Although no standards for acceptable levels of surface contamination
exist for uraniun recovery sites per se, the standards given in Regulatory
Guido 1.86 (USNRC 1982) specify acceptable surf ace contamination levels
for 2380 and 235U and their associated decay products. Regulator Guide
j$586 specifies that alpha- and beta-contamination levels due to 2g80 and

U and their associated decay products shall not av
5,000 dpn/100 cm2 over an area of greater than 1 m2, erage greater thanshall not average
greater than 15,000 dpm/100 cm2 over an area of nqt more than 100 cm2,
and shall not exceed 1000 dpm/100 cm2 on a 100-cm2-area surf ace wipe
s anple.

In addition to the above, uraniun recovery sites also are required
to comply with NRC rules and regulations designed to implement U.S.
Environmental Protection Agency (EPA) standards. Implementation will
include the use of acceptable programs (i.e., pre- and post-cleanup sur-
veys) to allow the actual decommissioning of the uranlun recovery sites
af ter cleanup operations are completed.

1
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This report describes monitoring methods, strategies, and devices
that can be used to identify locations where levels of radioactive con- .

tamination due to uraniun recovery operations exceed the above cleanup '

standards, and to verify that the site meets these standards af ter clean-
up activities have been performed. The monitoring program includes mea-
surements of gama-ray exposure rates; beta-gama surf ace contamination;
indoor radon (Rn) decay products; and uraniun (U), thoriun (Th), and
radium (Ra) in soil.

!

The monitoring methods described herein apply to open lands, build-
ings and installed equipment, ore pads, heap-leach sites, evaporation

,

ponds, and any areas that may be contaminated by source or byproduct mate- |
rials that are processed, produced, or handled in the uranium recovery
operation. In this context, the uraniun ore before its deposition on the
ore pad is considered to be a product of mining and is not included as a !
source of uraniun recovery contamination. However, contamination on haul l
roads immediately adjacent to and part of the mill site is included, along !

with the open lands and buildings used for in-situ urantun recovery opera- ,

tions (well field and recovery buildings). Because tailings disposal
areas are known areas of contamination and sources of contamination that
will be lef t in place, they will require monitoring that is beyond the r

scope of this report.

I
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2.0 DISCUSSION

The degree and extent of radioactive contamination at a uranium
recovery site af ter shutdown and before cleanup will be similaa to that
at an operating uranitsn recovery site, except that the airborne concentra-
tions of natural uraniun and processed uranitsn (yellowcake)230will be reduced.

Th. 226Ra,jhe inactive site will continue to have elevated levels of22 n, short-lived 222 n decay products, and gamma radiation, as well asR R

some residual natural uranium and yellowcake. Most of this radioactive
contamination will be confined within the boundary of the mill site.
However, some radioactive contamination due to windblown tailings and ore
dust .nay occur beyond the site boundary. A detailed characterization of
the level of radioactive contamination at each site should result from
the pre-cleanup monitoring survey described below.

The pre-cleanup monitoring survey should be detailed enough to estab-
lish the extent and degree of cleanup that will be required. To reduce
the total survey effort and to guide its plan, it may be useful to review
historical data from previous site monitoring activities before initiating
pre-cleanup surveys. Specific exanples of the information that could be
reviewed include 1) pre-operational and operational environmental monitor-
ing data based on the environmental monitoring program described in Regula-
tory Guide 4.14 (USNRC 1980); 2) records of burials of radioactive materials
or contaminated equipment (other than those going directly into the tallings
pond); and 3) aerial survey data. Areal surveys have t,een performed at
many sites by EC&G Idaho, Inc. at the request of the NRC and the U.S.
Department of Energy (00E).

Af ter cleanup operations are complete, the decontaminated areas should
again be monitored to verify compliance with the applicable regulations.
Ordinarily the post-cleanup monitoring surveys will not need to be as
extensive as the pre-cleanup monitoring surveys, but should be detailed
enough to reasonably verify compliance.

2.1 MEASUREKNTS OF BACKGROUND RADIATION LEVELS

Estimates of background radiation levels at each processing site
(i.e., the ambient radiation levels that would exist if the site were not
there) are necessary because many of the standards are expressed in terms
of concentrations above background levels. Background level estimates
are needed for parameter) such as the gamma-radiation exposure rate and

M a, 230Th, and 2380 in soil. Estimates of aver-the concentrations of R

age background levels preferably should be based on existing sources of
data, such as pre-operational surveys, rather than new data, because the
spread of radioactive materials that results from the processing operations
could make it difficult to estimate average background levels from post-
operational data. If existing data are inadequate, however, measurements
from the closest similar areas that have not been affected by recovery
operation may be helpful for estimating average background levels.

l

.
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I The estimation of average radiological conditions around recovery
sites is complicated by the fact that ambient levels of uranium and its :
daughters can show large spatial variations. For example, mineral out- !

crops can contain elevated concentrations of these radionuclides.
|

) For sites that began operation in more recent times, estimates of t

background levels should be easier to make because of the availability of'

,

i adequate background level data such as that obtained during the pre-
'

operational surveys recommended in Regulatory Guide 4.14 (USNRC 1980).
For older sites, data f rom the operational environmental monitoring pro- ,

gram can be considered. Specific examples include data from upwind, up- |
: stream, or other " control" locations. The location of samples or mea- j
i surements chosen to be included in the backaround estimates will be '

j detemined not only by the spread or drift of material from the site but '

; also by the particular soil types that appear.
,

,

2.2 00ALITY ASSURANCE

A quality assurance (QA) plan can provide the control, verification,
and documentation necessary to ensure that survey results are valid and

| that deficiencies can be identified and corrected. Regulatory Guide 4.15
j (USNRC 1977) specifies procedures that can be followed in establishing QA !

: policies. That document covers organizational responsibilities and struc-
! ture, specification of personnel qualifications, written operating pro-
| cedures, QA records required, control in sampling and in the laboratory,
i data review, and @ audits. Specific items that can be considered in the

decommissioning QA plan are identified in the following paragraphs. ;

; >

; Quality assurance procedures for in-situ soil monitoring, exposure-
( rate measurements, and wipe sampling can be written and established in a
} manner similar to those described in Regulatory Guide 4.15 (USNRC 1977).

These procedures include methods for monitoring, for recording results,.

and for making duplicate wipes or measurements to determine the precision
i of the measurements. In addition, adequate QA procedures should specify

the use of monitoring instruments that are calibrated at appropriate inter- ;

vals by using standard practices (USNRC 1977). Records should be kept of
the calibration results.

The validity of statistical comparisons between pre- and post-cleanup i

j monitoring data can be enhanced if measurements are made, as nearly as
possible, at the same locations before and af ter cleanup. This requires
a location identification system that is accurate, will not be destroyed
by cleanup operations, and will allow replication of measurements if
necessary,

t

| The final aspect of the QA program is records management. The pnst-
; cleanup status of the site, and any long-term restrictions on its use
' must be thoroughly and carefully documented. Records must be retained in
j a permanent archive and be in a readily retrievable form. i

,
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2.3 STATISTICAL CONSIDERATIONS

Proper sampling design and data analysis will maximize the sampling
efficiency, ensure the validity of estimates of average concentrations,
accurately delineate areas requiring cleanup, and ensure that cleanup
criteria are met. Most monitoring surveys at uranium recovery sites need
to be designed to locate " hot spots" rather than to determine averages
over large areas because tSe existing standards generally specify limits
for maximtm concentrations in limited areas, rather than average concentra-
tions over large areas. In this situation, grid sanpling is appropriate,
especially when boundaries of contamination are not well defined, such as
for windblown tailings or ore dust. In well defined areas such as build-
ings, where contamination is likely to be localized, a closely spaced
grid is appropriate. In larger areas, where the contamination is expected
to be more widely distributed, such as areas expected to be contaminated
by windblown materials, the spacing between grid points can be increased
without significantly decreasing the ability to detect residual radioactiv-
ity. Outdoors, grid spacings of 10 m are appropriate for contaminated
areas because the standards specify limits for average concentration over
100 m2 areas. However, spacings of up to 50 m may be used for areas of
potential windblown contamination. Spacings of between 1 and 3 m are
probably adequate indoors. Holoway et al. (1981) provide details on the
selection of appropriate grid spacings.

Stratified random sampling can be used when the boundaries of a con-
taninated zone are well known and only the average concentration is needed.
In stratified random sampling the area to be surveyed is divided into
survey units. Each unit is then divided into subunits called stratum. A
sample is then taken at a random location in each strata. Holoway et
al. (1981) have given details on the use of this method, including how to
define strata and sample sizes.

The variance of th3 estimated average concentration will of ten be a
large fraction of the estimated concentration itself. Therefore, it is
important to obtain the best possible estimate of the variance and to
make as many measurements as possible in order to decrease the variance
as much as possible. Potential sources of variability include:

sampling variance, which is due to the use of data from a subsete

of the whole area to estimate overall averages

variance associated with converting instrument readings to con-e

centration values

counting errore

procedural and analytical errors.*

These errors should be quantified and controlled or eliminated wherever
poss ibl e. Variance estimates can be made using preliminary data and the
formula for propagation of error. However, the formula for propagation

5
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of error may yield only rough approximations because sources of error may !
be neither additive nor independent, as the formula assumes. Variance I

estimates can best be made using replicate sanples in conjunction with !the QA program. These variance estimates can be used to estimate the '

nunber of samples required to determine average concentrations. Leggett, !

: Dickson, and Haywood (1978) and Holoway et al. (1981) give equations for j
'

calculating the nunber of measurements required to determine the average ;
; concentration with a given degree of precision from the variance of the '

l measurenents. :

Consideration of the variance in the estimates of average concentra- ,

1 tion can lead to procedures that increase the accuracy of these estimates. I

Many of the statistical techniques used for estimating average concentra-1

| tions are based on the assunption that the baseline data population is |normally distributed. This assumption can be verified using probability :
1 plotting or statistical tests, such as the chi-squared goodness-of-fit t

j test. If the data are lognormally distributed, they can be analyzed af ter
J being transferred into logarithmic form. Corley et al. (1981) discuss

(transformations and verification of assumptions in more detail. Gilbert
i

,

'

and Kinnison (1981) discuss methods for obtaining valid estimates of aver- (age concentrations from data sets containing concentration values that,
'

] are less than the detection limit of the measuring instrument.
,

In some instances, estimates of quantities other than the averagei

I concentration of the contamin00t to be measured may be useful. For
!i example, the rasurenent of 21481 is generally used to determine the !

2c6 a and estimate its concentration, since the ratio of the
|

presence of R,

) two nuclides is relatively constant and 214 easily detectable |) ganina rays. Because this method for estimating 81 empORa is coninon but not L
j completely accurate, it is important to know the restrictions that bound (i the measurement. Some appropriate methods and precautions for the use of ;

this and similar ratio estimation procedures are given by Simpson (1979).
iAnother potentially useful technique is acceptance-sampling (also termed '

', hypothesis-testing) for setting as low as reasonably achievable (ALARA)
|values for cleanup based on preliminary survey data. General methods for
|

estimating ALARA values are provided by Burr (1976), and their application
to cleanup operations is discussed by Denham, Barnes, and Jaquish (1983).

,

l Cleanup operations may substantially alter contamination levels and
patterns, so the statistical characteristics of the post-cleanup monitor-
ing data may differ from those of the pre-cleanup monitoring survey. (Similarily, data population variances and variance patterns may be,

) altered in the course of cleanup operations. Therefore, statistical
'

assumptions about data population parancters or distributions should be
rechecked during post-cleanup monitoring surveys. Post-cleanup estimates

4

should be made with the statistical method appropriate for the observed
popolation distribution.

|

| ;
4 ,

|

6

!

1

|

._ _ _ _ _____-__ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ - - . _ _ _ _ _ - _ - _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ - _ .



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3.0 KASUREKNT TECHN!00ES USED IN RADIOLOGICAL SURVEYS

Procedures that can be used to conduct pre- and post-cleanup monitor-
ing surveys are described in this section. At a minimtm, the surveys
should include measurements of direct radiation, surf ace contamination,
radionuclides in soll, and indoor radon decay products. The results of
the pre-cleanup monitoring surveys can be used to plan the post-cleanup
monitoring operations and to assist in verifying the ef fectiveness of the
cleanup. These procedures are described in detail in the paragraphs that
f ol low.

3.1 GUNA-RADIATION KASUREKNTS

Gamma-radiation measurements can be made using portable, commercially
available instruments, hereaf ter referred to as micro-R-meters, that use
small (usually 2.5 cm X 2.5 cm) Nal(TI) detectors to measure gamma-radiation
exposure rates. These instruments use a ratemeter and usually four differ-
ent scale ranges to display exposure rates f rom one to a f ew thousand
pR/h. The micro-R-meters produce audio signals that click at a rate that
is proportional to the gamma-radiation exposure rate. This audio signal
has a f aster response than the meter has and can be used to detect tail-
ings material when walking between measurement points.

Commercial micro-R-meters have proven to be capable of detecting
surf ace or near-surf ace deposits of residual radioactivity that exceed
present EPA standards (Young, Jackson, and Thomas 1983). However, port-
able gamma-ray detectors can be constructed that are considerably supe-
rior for detecting smaller deposits. The use of a larger Na!(TI) crystal
in the detector would significantly increase the sensitivity of the
detector, considerably increasing its ability to detect small deposits of
residual radioactivity, as well as "tip of the iceberg" cases in which
largo deposits extend to the surf ace only over limited areas. The accu-
racy of the measurements would be enhanced if a digital readout giving
the average exposure rate over a selected time interval were used rather
than the ratemeter used in commercial micro-R-meters.

In cases where gamma-radiation measurements are made at grid points
that are separated by more than a meter or two, measurements at the 1-m
elevation are more useful for detecting residual radioactivity than mea-
surements at lower elevations. A micro-R-meter held at the 1-m elevation
will respond to near-surf ace tailings material at a greater horizontal
distance than a micro-R-meter held at a loer elevation because the dis-
tance the gamma-rays have to penetrate through soil will be greater for
lower detector elevations (Young, ilackson, and Thomas 1983). However, a
micro-R-meter held at the 1-m elevation will of ten only give a minimal
response to a small or distant deposit of residual radioactivity.
Therefore, it is useful to make measurements at the surf ace around loca-
tions showing higher than normal exposure rates to confirm the presence
of radioactive materials and to determine their location more accurately.
However, it may not be practical to make surf ace measurements at loca-
tions showing elevated exposure rates in cases in which wind-blown tail-
ings cause uniformly high exposure rates over a relatively large area.

7
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lt is best to make the measurements in dry weather, not during peri-
ods of rainf all or when the soll is abnormally wet or covered with snow.
These latter conditions will decrease the rate of escape of radon gas
from the soil, thereby lowering the concentrations of radon daughters,
w'lich are the major gamma-ray emitters in the 226Ra decay chain.

,

1

i The response of micro-R-meters is energy dependent and also tends to
'

vary with time due to factors such as the state of the batteries. Therefore.
| the micro-R-meters used in this and other gama-radiation surveys should
; be calibrated at least semiannually. They also should be cross-calibrated
! at least once a d' with a calibrated, pressurized ion chamber or with a
l source with a knvo.. decay rate if a pressurized ionization chamber is not

available for field use.

3.2 BETA-GAPHA RADIATION WASUREKNTS

The gamma rays emitted by 238U and its short-lived daughters, 234Th
and 234Pa, are too low in energy to be detected using micro-R-meters.
Thoriun-234 and 234 a, however, do emit beta radiation. Their ha -liP

are so short that they should be essentially in equilibritin with ]8 .ves0
Therefore, thin-window (1 to 2 mg/cm2) Geiger-Mueller (GM) tubes, which

| respond to beta radiation, can be used to detect yellowcake. However,
I since the GM tubes respond to both beta and gama radiation, they cannot
| be used to detect yellowcake in the presence of levels of gama radiation
| that are much higher than the beta-radiation levels. *herefore, any such
'

source of high-level gama-radiation exposure rates must be disposed of
| before yellowcake can be measured using GM tubes. In this report, mea-

surements using GM tubes will be referred to as beta-gama measurements.

3.3 ALPHA PARTICLE WASUREKNTS

The alpha particles emitted by 2380 and its short-lived daughters
can be measured using proportional or scintillation detectors. However
the range of alpha particles in matter is very short, only a few mg/cm2,,
so alpha-particle measurements only can be used to measure surf ace con-
tanination. Therefore, alpha-particle detectors generally are used to
measure alpha-particle contamination on smooth surf aces, such as the walls
and floors of buildings, and on surf ace wipe samples.

3.4 SOIL ANALYSES

| Samples of soll and other materials can be analyzed for 2380 and its
daughters by using radiochemical separation procedures such as those
described by Wognan et al. (1980). However, such procedures are costly
and time consumlng. Therefore, sanples are usually analyzed directly,
without chemical separatfon, by using either Nal(Tl) or germantun-diode '

gama-ray spectrometers. Na!(T1) detectors can be obtained that are much |
larger, and therefore more efficient, than available germanian diodes. |
Therefore, sanples can be analyzed much more rapidly using Nal(TI)

detectors than jRa by Na!(Tl) detectors are uwally sealed in alttight
s possible with germantun diodes. Samples that are to be

analyzed for 22

8

|

|
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r

!
222 n gas to approach couilibriun with 226 a. The Icontainers to pemit R R

gamma rays emitted by 214B1, a shcrt-lived daughter of 222Rn. are !

coun ted.

In order to distinguish between tailings and natural material, the
concentration of 2380 must be measured. Uranium 238 can be measured by
counting the low-energy gamma rays emitted by its short-lived daughters, |

234Th and 234Pa. In tailinos the activities of 234Th and 234Pa should be
much lower than those of the long-lived radionuclides, 230Th. 226 a, and IR

PluPb, which are lef t in the tailings af ter the uranium has been extracted. l
In natural material, the activities of these radionuclides should be simi- !

pemit the direct analysis of 234 (TI) detectors is not sufficient to '

lar. The energy resolution of Nal i

Th and 234Pa. However, germanium diodes
do have energy resolution sufficient to permit the analysis of these radio.
nuclides, and therefore can be used to distinguish between tailings and
natural material. Intrinsic germanium diodes are superior to Ge(Li) diodes *

for this purpose because intrinsic germaniun diodes are more efficient
than Ge(LI) diodes for low-energy gamma rays such as those emitted by the [short-lived 238U daughters. Also, intrinsic germanlun diodes have to be j
cooled with liquid nitrogen only during operation, while Ge(Li) diodes i
must be kept cooled with liquid nitrogen at all times.

3.5 BOREHOLE LOGGING

Subsurf ace residual radioactive materials are usually detected and
measured using borehole logging techniques in which a detector, usually
Nal(TI), measures the counting rate at intervals down a borehole. Oorehole
logging is generally quicker and eas ter than soll core analys15. It also
has the advantage that a larger volume of soil is examined than is practi-
cal for soll core analysis. However, the calibration of the detector can
be difficult because the geometry of the material being measured is gener-
ally unknown. Also, deconvolution techniques must be used to correct the
count rate at a given depth for gamma rays originating at a different
depth. Therefore, borehole logging provides only approximate radionuclide
concentrations. Olson, Young, and Thomas (1983) give a review of borehole
logging techniques.

!

|
,

!

!
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!
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| 4.0 PRE-CLEANlP MON!TORING SURVEYS i

1 :

The pre-cleanup monitoring surveys are used to identify the contami- !,

nated items and areas that do not satisfy cleanup criteria, and conse- !

quently will require cicanup. The pre-cleanup monitoring survey can be
j conducted most ef ficiently if the site is first divided into survey units ;

j that are naturally distinguishable from each other (e.g., equipnent, ore !
4 crushing and yellowcake areas within buildings, ore pads and evaporation L
l pondsoutdoors). The type and frequency of the radiological measurements i

j will vary depending on the nature of the survey unit. In addition, prior
knowledge of the site cleanup plan can be considered when planning the4 i

i survey 50 that an appropriate time sequence can be used. |
1 !
-

A typical survey sequence would be to survey equipment, buildings} pro-
!

) and open lands in that order. Equipnent surveys will be needed to: 1 t
2 tect worker health, 2) identify which equipment may be salvaged or reused i
) and which must be treated as contaminated waste, and 3) locate areas of I

| gross contamination that will need special attention to avoid an unneces-
! sary spread of contamination during cleanup. It would be best to initiate .

building surveys af ter all equipment has been removed because gross con- |
i

; tanination could be present in areas where equipnent had prevented access |
: during uranitrn recovery operations. Open land surveys ideally should be
j conducted following the completion of all planned building decontamination
i and dismantlement because residual radioactive materials possibly could
i be spread to open land areas during building cleanup. |
.

5
i While the surveys will include measurements of surf ace contamina- !

| tion, gamma and beta-gamma radiation exposure rates, and concentrations !

of uranium and its decay products in soil, not all of these measurements.

will n performed for each type of survey unit. An example of a typical !
j survey plan is provided in Table 4.1. A more detailed discussion of each i

i of these surveys is included in the sthsections that follow. (
.TARL E 4.1. Typical Survey Plan for Uranium Recovery |

i

Site Decommissioning j
i i
j Unit Surveyed hpeofSurvey Method of Survey j

Equipnent Randon Octa-gamma measurements (fixed [
, contamination) and wipe tests l

! (removablecontamination) |
|

'! Building Grid Garvna and beta gamma measurements |

(fixed contamination), wipe tests
) (surf ace contamination), and radon !

] daughter concentrations !

u

Open land Grid Gmma and heta-gamma measurements I,

Specific area (fixed contamination) and soll ;,

(e.g., ore pad) analyses (226Ra)
|

Windblown Spoke Gema-radiation menurements (fixed
i area (radial) contanination) and soll analyses (226Ra)
)
; ,

[ 10
,

i !

I
~

i

~ _-. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _

\



_ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

|

! !
1 |

|
4.1 EWIPTNT

This section applies only to major pieces of equipnent that are, or :

; may have been, installed within a building or structure as opposed to the !
more portable items such as pumps, dollies, etc. It is expected that most'

: of the equipment at a retired uranian recovery site will be removed from
' the building and disposed of (either for salvage or as radioactive waste) .

as part of the cleanup process. Hence, a survey of these items before their !
removal normally would have been performed for worker and public protection.

,

e

! Contamination by 238U and its short-lived daughters can be detected i

; using GM tubes to record the level of contamination on all accessible sur- |
f aces, followed by wipe tests (minimum area 100 cm2), especially of those :

1

surf aces inaccessible by instrinent surveys. These surveys should bo |
! designed to locate possible spotty contamination, which will be conpared to |

i appropriate standards. The emphasis of these surveys should be on equipnent |
'

(such as that used for yellowcake handling and drying gear) and surf aces
i that will most Ilkely show buildap of contamination (0 9., sunps, settling
| areas, oil baths, etc). '

,

The radioactive contaminants on the inner surf aces of pipes, drain
lines, or ductwork can be determined by beta-gamna measurements and wipe>

tests at all traps and other appropriate access points, provided that the i

! contamination at these locations is believed to be representative of con- i

i tamination on the interior of the pipes, drain lines, or ductwork. The !
i interior and exterior surfaces of the urantun recovery buildings (including

the counter-current decantation cells) and the associated equipnent or scrap :
: are likely to be contaminated, but the size of the uranita recovery buildings !
I or equipnent and their location may make it difficult to make surf ace mea-
'

surements.
I
! 4.2 BUILDINGS

'

i

| 4.2.1 Gamma and Beta Gamma surveys

'Locations in buildings that have exposure rates exceeding standards
i can be identified by gamma and beta-ganna radiation surveys. Alpha surveys [may be conducted instead of beta-gamma surveys to identify locations that ,;

are contaminated with yellowcake. The alpha surveys should be made with i

4 scintillation or proportional detectors by using the same grid system as
! that used for the ganna-radiation surveys.
!
' When radiation surveys are conducted in buildings, it is often useful

,

j to divide the buildings into two subunits: 1) lowest surf aces, comprising i
floors, walls up to a height of 2 m and any surf aces easily accessibic to a :>

surveyor standino on the floor and 2) overhead surf aces, comprising collings, |
. walls more than 2 m above the floor, and all other surf aces not contained :

,' in the first subunit (Holoway et al.1981). |
,

i Gamma-radiation exposure rates measured above the floor grid points by
| micro R-meters can be used to determine whether the exposure rates encoed

|

| 11
'

| i

| I

|
,
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the EPA standard of 20 pR/h above background. Beta-gamma radiation measured
by thin-window GM counters at the same locations as the gamma-radiation
measurements can be used to determine whether the concentrations of 2380
and its short-lived daughters exceed surf ace contamination standards. The
beta-gamma measurements should be made in contact with the surf ace because
the beta radiation would be absorbed by air if higher detector elevations
were used.

A 2 m x 2 m rectangular grid should be adequate for the survey of floors
and lower ' alls. However, overhead surf aces usually have a more uniform
distribution of contamination than lower surf aces. Therefore, a sufficient
characterization of these surf aces generally can be accomplished by making
contact gamma and beta-gamma measurements at about 30 locations on each of
the overhead surfaces. The measurements should be unifomly spaced and
include both horizontal and vertical surf aces (Holoway et al.1981). In
cases, where painted surf aces are being surveyed, measurements made in con-
tact with portions of the surf ace from which the paint has been scraped or
chipped away can be used to detect alpha and beta radiation emitted by any
uranita contamination that exists beneath the paint.

4.2.2 Wipe Tests

Locations where the concentrations of uranita exceed standards for
removable contamination can be identified by the measurement of g*oss alpha-
activity in wipe samples that have been collected at locations showing maxi-
mtn beta-gamma levels and at other random locations that might be expected
to have built-up contamination, i.e., joints between walls or between walls
and floors. If a wipe test at a location showing elevated beta-gamma levels
indicates that the removable contamination does not exceed standards, addt-
tional wipes may be collected near the location of the original wipe in an
attempt to locate the material causing the elevated levels. Checking wipes
for alpha activity is especially important for those areas expected to be
contaminated with yellowcake. Sufficient wipes should be taken to accu-
rately determine the extent of the contamination. If no radioactive mate-
rial is discovered during wipe tests, then the elevated beta gamma exposure
rates may be due to radioactive building materials, a special caso not
addressed in this report.

Areas with radiation levels that exceed standards can be located more
easily during cleanup if maps are drawn showing the radiation levels mea-
sured during instrtnent surveys, wipe tests, and soil analyses. These areas
should be marked clearly on the maps.

4.3 OpEN LANDS

4.3.1 Camma and flota Gamma Radiation Surveys

Gama radiatlog Surveys of open lands are designed to identify locations
(hot spots) having 22 bra concentrations that exceed standards. Therefore, i

,

more measurements are generally made than the ntaber that would be required ito determine averaqo exposure rates. It is more cost and time effective to |

[
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measure exposure rates than to analyze soil for 226Ra. Therefore, gamma
radiation surveys using micro-R-meters can be conducted to identify those

226 a concentrations are likely to be present.locations where elevated R

Only al those locations will soll samples need to be collected and analyzed
for 220Ra.

226 a due to natural radio-It is possible that there will be elevated R

activity, because most uraniun recovery sites are situated close to uranium
mines to minimize transport cost. Therefore, additional ore outcrops are

226 a concentra-likely to be present. If it is suspected that elevated R

tions due to local, naturally occurring radionuclides are present, samples
of soil can be analyzed for short-lived uranium daughters to determine whether
tailings are present. If tailings are absent, visual inspection and knowledge
of the local geolog
(requiring cleanup)y can be used to determine whether windblown uranium ore, or local, naturally occurring radioactive materials
(not requiring cleanup) are present.

Surveys of areas that are t' :ly to be contaminated with processed
uranium, such as yellowcake sts,.g areas or outdoor maintenance areas, can
be conducted using thin-window GM detectors that detect the beta radiation
emitted by the short-lived daughters of 238 However, intrinsic-germaniumU

diodes also ggn be used to measure the low-energy gamma rays emitted by the
short-lived d 8U daughters and, consequently, to detect yellowcake.

4.3.1.1 Preliminary Gamma-Radiation Surveys

Preliminary gama-radiation measurgents can be used to determine whether

windblown material containing elevated u6 a concentragRa measurements of2' ons is present down-R

wind of a source. More detailed gamma-radiation and
areas showing elevated exposure rates can then be used to estimate the bound-
artes of areas having 226 a concentrations that exceed existing standards.R

Mill tallings that have been blown downwind of a tailings disposal
area can be detected by means of a preliminary gama-radiation survey con-
sisting of gamma-radiation measurements at specified intervals in the eight
cardinal compass directions extending from the center of the disposal area.
Coverage in the prevailing downwind direction could be increased by measure-
ments along additional radials in that direction. Measurements at 50-m
intervals out to a distance of 1500 m, or until the exposure rates approach
background levels should be adequate to detect areas of windblown tailings
having 226 a conce,ntrations exceeding standards, in Edgemont, South Dakota,R

it was found that the probability of discovering 226Ra concentrations in
soll that exceeded 5 pCi/g was negligible for locations with exposure rates
that were less than 4 pR/h above background. However, the probability
incraased rapidly at higher exposure rates (Young, Jackson, and Thomas
1983). For smaller, more localized sources, such as are pads or heap-leach
sites, gamma-radiation exposure rates would be expected to approach back-
ground levels much closer to the sources. Since the area to be surveyed
would be much smaller, a shorter spacing between measurements, 25 m for
example, would be practical.

13
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4.3.1.2 Detailed Surveys

Detailed gamma-radiation measurements followed by soil 226Ra measure-
ments can be used to estimate the boundaries of any areas that showed ele-
vated gamma-radiation exposure rates during the preliminary survey. Gamma-
radiation measurements at the grid points of a 10 m X 10 m grid would seem
to be appropriate for this purpose because the standards specify limits for
226Ra concentrations averaged over 100 m2 If elevated exposure rates are
measured at the boundaries of the grid, the boundaries of the contamination
can be determined by extending the grid outward until the exposure rates
approach background levels. Contact gamma-radiation exposure-rate measure-
ments around the periphery of the areas showing elevated exposure rates,
preferably with a detector that is shielded on the sides with lead, can be
used to determine the boundaries of the contamination more accurately.
Maps showing the measured exposure rates can provide a record of the areas
showing elevated exposure rates. Stakes placed at the estimated boundaries
of these areas and at locations showing maximum exposure rates also can be
useful for this purpose.

Preliminary surveys are probably not useful for areas that are already
known to be contaminated with residual radioactivity, such as ore pads,
heap-leach areas, recovery-site haul roads, process areas, recovery site
haul roads, and process areas. Detailed surveys consisting of gamma-
radiation measurements at approximately the 1-m elevation at the grid
points of a grid with a spacing of 10 m or less can be used to determine
the general distribution of contamination at such locations. A grid spac-
ing of less than 10 m may be necessary for relatively small areas to pro-
vide enough measurements for statistical purposes. Geiger Mueller tube
measurements at the same locations as the gamma-radiation measurements can
be used to determine the distribution of uranium at locations such as yellow-
cake storage areas that are likely to be contaminated with uranium.

226 a Concentrations in Soil4.3.2 Measurements of R

226 a exceedingThe boundaries of areas that have concentrations of R

226 a in soil samples. Thesestandards can be determined by measurements of R

samples should be collected at locations showing maximum gamma-radiation
exposure rates and near the boundaries of the areas showing elevated exposure
rates. Surf ace samples collected to a depth of approximately 5 cm should
be adequate in areas where the contamination is likely to be windblown and
therefore confined to the surf ace. In areas where the contamination is
likely to extend to greater depths, core samples to a depth of approximately

'45 cm should include the material causing the elevated exposure rates, be-
cause gamma-rays originating from below this depth would be almost entirely
attenuated by the intervening soil. The soil samples can be analyzed for
226 a and other radionuclides using either NaI(TI) or germanium diode gamma-R

ray spectrometers. The greater sensitivity of the NaI(Tl) permits a more
rapid analysis of samples for 226 a, but its energy resolution is not suf-R

ficient to permit the measurement of other uranium daughters. The greater
energy res'olution of germanium diodes enables them to analyze the spectrum
of uraniun daughters necessary to distinguish between tailings and natural
materi al .

14
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226 a still exceeds standards in the 30 to 45If the concentration of R

cm depth interval, measurements to greater depths can be made to determine
the depth of the deposits. However, it will probably be more cost and time
effective to use a gamma-radiation detector to log a borehole drilled to a
depth somewhat greater than the suspected depth of the residual radioactivity
than to continue core sampling. Once the soil analyses and borehole logging
are completed, maps can be drawn to provide a record of the extent and depth
of the contamination.

4.3.3 Measurements in Regions of Hiah Ambient Exposure Rates

Areas that are close to an unstabilized tailings pile may have high
ambient gamma-radiation exposure rates because of " shine" from the pile.
At these locations it may not be possible to use unmodified micro-R-meters
or GM tubes to measure increases in the gamma or beta-gamma exposure rates
that are due to residual radionuclides. In this case, it may be possible
to use micro-R-meters or GM tubes that have been shielded on all sides with
lead to conduct the surveys. Removable lead shields also may be placed on
the bottom of these detectors and the exposure rates measured with and with-
out this shield in place. The difference between the readings, which is
called a delta (A) value, gives a measure of the exposure rate due to radio-
active materials beneath the detector.

In some areas the ambient gamma-radiation exposure rates may be too
high to permit the detection of residual radioactive materials even with
lead-shielded instruments. Where this is true, soil sample analyses should
be substituted for exposure-rate measurements in open land areas, and wipe
sample analyses can be substituted for beta-gamma measurements in build-
ings. The spacing between the measurements may be increased to prevent
analysis time and cost from becoming prohibitive. Thomas and Kinnison
(1983) recommend soil sampling strategies for the measurement of windblown
tailings in the vicinity of tailings piles.

15
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j 5.0 POST-CLEANUP SURVEYS

No coverings of paint, plating, or other material should be applied to
previously contaminated structures until measurements have shown that contami-
nation levels are below the limits specified in existing standards. In1

addition, a reasonable effort should be made and documented to further mini-
| mize contamination prior to the use of any covering.
4 5.1 BUILDINGS

5.1.1 Instroment Surveys
;

l After cleanup, all remaining buildings that had elevated contamination
j levels during the pre-cleanup survey should be resurveyed to determine whether
-

cleanup has succeeded in lowering radiation levels to existing standards.
These surveys can be conducted on 2 m x 2 m grids similar to those used
during the pre-cleanup survey. Geiger-Mueller counters can be used for
making contact beta-gamma measurements, and micro-R-meters can be used for

i measurements of gamma exposure rates. If a noticeable increase in the expo-
sure rate is observed at any location, the source of the elevated readings
should be identified and additional cleanup performed if the levels exceed
limits specified in existing standards.

1 5.1.2 Radon Daughter Concentrations

| Radon daughter measurements should be made inside any buildings lef t'

standing because the EPA standards set limits for average annual indoor
radon daughter concentrations. These measurements should be made after any
residual radioactive material that was discovered during pre-and post-cleanup

; surveys has been removed, as this material could result in elevated measure-
ments of radon daughter concentrations. The radon daughter measurements
can be omitted in any buildings that have missing walls or windows and there-,

fore cannot be made reasonably air-tight because the measured concentrations',

in such buildings would only reflect outdoor concentrations.

The standard procedure for determining annual average radon daughter
concentrations in the past has been to make six 100-h, bimonthly measure-;

i
ments using Radon Progeny Integrating Sanpling Units (RPISU). However,

i these measurements have proven costly and time consuning. At Edgemont,
South Dakota, it was found that the manhours required to make a thorough
search in and around a building for residual radioactivity by using gamma-
radiation measurements, soil analyses, and borehole logging was about the
same as that required to make six RPISU measurements (Young, Jackson, and
Thomas 1983). Furthermore, this thorough search was much more effective for
identifying buildings that had residual radioactivity in and around them.
There was little or no correlation between elevated indoor radon daughter
concentrations and the presence of residual radioactivity (Young, Jackson,
and Thomas 1983). Because elevated radon daughter concentrations require
remedial action only if they are due to residual radioactivity, it does not
appear to be necessary or cost effective to make the six RPISU measurements
required to determine the annual average.

.

l.
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Measurements of radon daughters collected by air filters over 5- to 10-min
periods can be used to estimate whether annual-average radon daughter concen-
trations exceed the existing standards. The most widely used procedure is
to collect a 150-to 200-L air particulate sample, analyze the filter for alpha-
particle emission rate with a ZnS scintillator, and calculate the radon
daughter cor:centrations by using the methods of either Kusnetz (1965) or
Thomas (1972). The windows and doors of the building should be closed for
4 to 8 h prior to the measurement to provide standardized ventilation condi-
tions so that the measured concentration will bear a standard relationship
to the annual average. Measurements should not be made when the wind speed
is above about 8 mph because higher wind speeds cause significant increases
in the ventilation rates. It has been found that the annual average radon
daughter concentration will be about 0.6 times those measured with air fil-
ters in a closed-up building (Young, Jackson, and Thomas 1983). Therefore,
the concentration measured on the air filter should be multiplied by 0.6 to
estimate the annual average.

5.2 OPEN LANDS

5.2.1 Gamma and Beta-Gamma Radiation Surveys

Micro-R-meters can be used 'o conduct gama-radiation surveys of any
open land areas that have been cleaned up to determine whether cleanup has
been successful in lowering contamination levels below existing standards.
The procedures used for pre-cleanup surveys (Section 4.3.1.2) can be repeat-'

ed for post-cleanup surveys. The survey grid spacing will depend upon the
area to be surveyed.

If elevated gamma-radiation exposure rates are measured and residual
soil contamination is suspected, additional soil samples can be collected
and analyzed for 226 a to determine whether the 226 a exceeds applicableR R

standards and regulations. If additional cleanup is indicated, it should
be performed until either the gamma-exposure rate falls to background levels
or the 226Ra concentration falls within its applicable standard. No further

' cleanup is required when the 226 a is judged to be naturally occurring back-R

ground radioactivity.

Geiger-Mueller detectors can be used to conduct beta-gamma radiation
surveys at all locations where beta-ganma contamination was found in the
pre-cleanup monitoring survey to determine whether cleanup has been success-
ful.

5.2.2 Soil Analyses

Post-cleanup soil samples collected from at least 10 randomly spaced
locations in the land areas that had elevated radionuclide concentrations
(surf ace or subsurf ace) during the pre-cleanup monitoring surveys can be
analyzed for 226 a to determine whether cleanup has succeeded in loweringR

226 a concentrations below standards. Only 0- to 15-cm samples should beR

required unless previously undetected contamination is found. At locations
showing contamination, the extent of the contamination should be determined
by further soil analyses or borehole logging.

17
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At the conclusion of all cleanup activities, a decommissioning report
should be prepared that addresses the activities completed. The report
should include the results of all environmental monitoring surveys.

18
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