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OPTIMIZATION OF SAMPLING FOR THE DETERMINATION OF
THE MEAN RADIUM-226 CONCENTRATION IN SURFACE SOIL

ABSTRACT

In this report we describe the results of a field experiment
designed to help identify an optimal method for determination of
compliance with the U. S. Environmental Protection Agency's Ra-226
guidelines for soil. The primary goals of this study were (1) to
esiablish practical levels of accuracy and precision that can be
obtained in estimating the mean Ra-226 concentration of surface so0il in
a small contaminated vegion; (2) to obtain emwmpirical information on
composite vs. individual soil sampling aund on randem vs. uniforumly
spaced sampling; and (3) to examine the practicality of using gamma
measurements in predicting the average surface radium concentration and
in estimating the pumber of soil samples vequired to obtain a given
level of accuracy and precision. Numerous soil samples were collected
on each of six sites known to be contaminated with uranium mill
tailings. 'Three types of samples were collected on each site: 10-
composite samples, 20-composite samples, and individual or post hole
samples. It was found that 10-composite sampling is the method of
choice among these three approaches, in that it yields a given level of
accuracy and precision for the least cost. 1t was also found that
gamma measurements can be used to reduce surface soil sampling on some

sites.
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I. INTRODUCTION

Large quantities of processed uranium ore residues, called tail-
ings, have been generated in the United States since the early 1940’'s.
These tailings generally have been deposited in pounds or in huge stock-
piles and allowed to dry. 1In some cases deposits were left unprotected
for several years, allowing the tailings to be scattered by the wind
over the surrounding area or to be used by nearby residents as sand sub-
stitutes or as backfill material.

In 1978, the U. S. Congress passed Public Law 95-604, the Uranium
Mill Tailings Radiation Control Act (UMTRCA), requiring the federal
government to perform remedial actions on inactive uraniuw mill tailings
sites that had been federally supported and on vicinity properties that
had been contaminated by the tailings. The U. §. Department of Enerpgy
(DOE) was assigned the responsibility for conducting remedial action at
24 sites, located primarily in the western United States. This assign-
ment is being met through DOE’s Uranium Mill Tailings Ramedial Action
Project Office (UMTRA-PO) in Albuquerque, New Mexico. The Radiological
Survey Activities (RASA) group of Oak Ridge National Laboratory serves
as an Inclusion Survey Contractor (ISC) for the UMTRA-PO and conducts
radiological surveys of potentially contaminated properties in or near
Grand Junction, Colorado, an area requiring perhaps the greatest amount
of remedial action.

A primary responsibility of the UMTRA-PO is to certify that poten-
tially affected properties are in compliance with current standards of
the Environmental Protection Agency (EPA) for contaminztion of soil with
Ra-226 (40 CFR Part 192)7. These standards require that the averape
Ra-226 concentration over a lOO-m? area not exceed S pCi/g above back-
ground in the top 15 centimeters of soil or 15 pCi/g above background in
15-cm-thick layers more than 15 cm below the surface. Because of the
huge number of properties involved, each property must be screened
against the EPA standards as economically as possible. Thus, it is
essential that survey procedures be designed to yield optimal informa-
tion from a limited number of soil samples and field measurements.

In this report we describe the results of a field experiment
designed to help identify the optimal method for sample collection
within a radium-contaminated area. The goals ave to find practical lev-
els of accuracy and precision that can be obtained in estimating the
mean radium concentration of a given deposit and to design a sampling
protocol which adequately characterizes a deposit within certain con-
straints. (For the purposes of this study we define accuracy as the
closeness of a measured or computed value to its true value and preci-

sion as the closeness of repeated measurements of the same quantity. )
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are the time and cost of sampling and the feasi-

The primary constvair
bility of a method for a given deposit.

We have investigated the relative mevits of thiree types of soil
samples, distinguished by the method of collecition. These are referred
to as 10-compesite samples, 20-composite samples, and individual or post
hole samples. A 10-composite sample consists of 10 aliquots of soil
weighing ~50 g each and taken at approximately uniformly spaced points
over the deposit. A 20-composite sample cousists of 20 aliquots weigh-

ing ~25 g each, ccllected at approximately uniforuwlyv spaced points over
the deposit. An individual sample weighs ~500 g and is collected from
an area of several hundred square centimeters. As a matter of practi-
cality, all of the soil samples collected were taken from the top 15 cm
of soil.
ty of

We have also examined the possibil using surface gamma meas-
]

i
uremernits to reduce the amount of soil sampling needed. In particular,
we investigated the potential use of gamma measurements in predicting
the average surface yadium concentration and in estimating the number of
soil samples required to obtain a given level of accuracy and precision.
Gamma weasurements were made at the ground surface at individual (post

hole) sampling locatlions Lefore the sauples were taken and at

botton
of the holes af{ter individual samples were removed,

The 2U-composite, 10-composite, and individual samples were taken
so that sampling peints for each sample type encompassed each deposit in
a tairly uniform manner {see Fig., 1). (Two exceptions arose for 10-

eg: these are discussed later.) As nearly as practical,

pond

composite samp
all samples were tvaxen uniformly at depths from O w©o 15 centiumeters.

The composite snmples were taken using a method referred to as the TAC
drill wmethod (Fig. 2), and the individual saumples were taken with a post
hole digger. ‘he TAU drill method consists of a heavy duty carpentry
drill with a long Lit attached. A collection box with a bit-sized hole
in one corner is used to contain the soil. The drill bit i1Is put into

the hole in the box and soil is pulled slowly up by the bit, through the

hole and into the box (Fig. 3) The name TAC is an acronym for the
2
Techinical Assistance Contractor for the UMIRA Project, the Jacobs-Weston

teamn, whose employee R. A. Nelson popularized the method.

Samples were collecied on six test sites, each having a contiguous
deposit of at least 15 square wmeters. Five of these sites were chosen
from known contaminated sites in Grand Junction, Cclorado, solely on the
basis thai extensive soil sampling would be permitted by the owners.

The level of radium cortaminstion was not considered in our selection

process, but it was known from previous limited measurements that at

-

least two of these sites could be regarded as marginally contaminated

(that is, contamination was near guideline levels). The sixth site was



a 100-square-metetr area selected on the original source of the contami-

nation, namely, the tailings pile.



I1. SUMMARY CF
Soil sample data for the six
also gives an estimate of the true
on each ol the deposits cxcept the
stenicy of the three estimates of
ing to the three different types o
with the site. The variation appea
contamination as indicated by the
dard deviation/mean) of the post h

various samples within the sampled

techniques fully encompassed a dep

The three tecliniques vielded
J

concentration on deposits GJ0O0762

and GJ12711.

F SOTL SAMPLE BLATA
sites are summarized in Table 1, which
1ean Ra concentration in surface soil

tailinés pile. The degree of con-

the meann Ra concentration correspond-
f sample collection varied somewhat

red to depend on the uniformity of
coefficient of variation (CV = stan-
ole samples, oa the density of the
area, and on whether all sampling
osit.
nearly identical estiwmates of the mean

These deposits encom-

passed the smallest areas and had the must uniformly distributed surface
contanination cf the six sites, and sampling was wore dense on these
than on the other four sites Fov these two depssits, any or all of the
methods chould yicid a good estimate of the tru> mean Ra concentration.
The true mecan for deposit GJ12711 was estimated as the average of the
means ohtained by the tinree differont methods., For depesit GJ00762 the
true mean was estimated as rhe averape of the means for the post hole
samples and ihe 20-coumposite samples The 10-composite sample mean was

not used in this case because a substantial portion of this deposit was
not sampled by the 10-composite method. (This differed from the study

design, but the discrepancy was re
work had been completed.)

For the three largest

eposits

alized only after field and laboratory

GJ0O0870, GJ11088, GJ1366C) the mean

concentration for all post hele samples differed from the 20-composite
meaa by 20 Lo 30 percent. Some ¢f this differvence is be expected
because of the relatively large coefficient of variacion of the post

ho samples on these deposits (1.0 or greater). VWhen the wmean and
standard deviation arz approxinately equal, 50% of the averages computed

P -
OF &1z

from samples 40, say, should differ from the true mean by at
least 10%, aind mors than 20% should differ by at lsast 20%. We chose to
use an unweipghted average of wears determined by the different methods
in estimating a tru~ mean concentration for each of these three depo-
sits In this wey we can make comparisons of the three approaches
without having & bullt-in bias toward a particular method. The 10-
composite sampics for GJL1088 were mnot used in the estimate of the true
mean for that deposit, becauvse s large portion of the deposit was not
sampled bv the 10-conuvcsiie method (Apain, the discrepancy between
study design and 10-comprsite sample collection was realized only after

the field and

laboratory work hiad been completed.)



For the taillings pile, wo composite techniques
]

T
are in reasonabhle agreemznit but are substantially lower than the mean
for the post hole sawples. The disagreemen etween composite and post
hole means could have arisen from a di u with using a drill in
unmixed, dry, sandy soil--the material tends to crumble and fall around
the bit to some extent, perhaps resulting in a bilas toward wore shallow
soil in the sample. TIf the top few centimeters on the sampled area of
the tailings pile were substantially cleaner than decper material, then
post hole samples might yield a much higher estimate of the mean concen-
tration than would cowposite samples collected with a drill. However,
because we have no real way of knowing which of the sampling methods was
most reliable for the tailings pile, and because the mean estimated from
post hole samples was substantially different frem the other two means,

no attempt was made to estimate a true mean concentration for this site.



IIT. IDENTTIFICATION OF EQUIVALENT SAMPLE SIZES

We compared the levels of accuracy and precision one can expect
from a single 20-composite sample, a single 10-composite sample, and
various numbers of post hole samples chosen (1) at raundom with replace-
ment., (2) at random without rveplacement, or (3) uniformly spaced in the
sense that a map of the deposit would be divided into some number N of
regions of nearly equal area and one sample would be chosen at random
from each of these regions. Random sawpling with replacement (as car-
ried out on a computer) has 1o precise analogy in the field but has some
similarities to the situation in which sampling locations are chosen at
randomn and no minimum distance is required between post holes. This
would not be the same in the present study as random sampling without
replacement, because on zach site there was an effective minimum dis-
tance between post holes determined by the size of the site and the
number of post holes.

The analysis in this section was made without regard to the gamma
levels at the ground surface. 1In a later section we discuss the plausi-
bility of us=ing surface gamma measuvements to reduce the amount of soil
sampling needed.

The relati

measurement wili vary somewhat from site to site, and we cannot expect

v accuracies and/or precisions of different types of

to find an =aquivalence rule without exceptions. However, the data indi-

cate thai the mean Ra concentration estimated from a single 10-composite

sample taken at uniformly spaced points encompassing the deposit is
about as reiiable n~s the wmean estimated from 10 random post hole samples
with no duplication of sampling locations (sampling without replace-
ment), or 13-15 random post holes with duplication allowed (sampling
with replacement), or 8 post holes with each selected randomly from one
of 8 subregions of approximately equal area covering the entire deposit.
The approximate equivalence of these four approaches is indicated by the
data in Tables 2 and 3. For exauple, from Table 2 it can be seen that
the four approaches yield roughly the same levels of accuracy as meas-
ured by the portion of estimates of the mean that fall within a certain
interval about the true meavn for a site. From Table 3 it can be seen
that the precision, as indicated by the standard deviation divided by
the predicted wean, 1s also about the same for all four approaches.

The data for the six sites do not allow firm statistical statements
concerning differences in accuracy and/or precision between the 10- and
20-composite sampling methods. For example, the values in Tables 2 and

3 de mot indice

&L
o
(

any sigrnificant differences between the two methods,
although & greater precision of the 20-composite method, as an average,

is suggcested. As discussed in the next section, a detailed examinatiocn



of the data suggests that about equal numbers of 10- or 20-coumposite

of

samples are needed to yield a relatively high degree accuracy with a
given confidence level (say, estimating within 10% of the true mean with
a confidence level of 90%), but 20-composite samples are superior if
less accuracy is required (say, estimating within 30% of the true mean
with a confidence level of 90%). In this analysis the problem arose
that the relatively small standard deviations for the 10-composite sam-
ples on two of the sites (GJ00762 and GJ11088) may be somewhat mislead-

ing when compared with those for the 20-composites. This is because

r

some fairly large regions on each of these two deposiits were not sampled
by the 10-composite method, which may have led to slightiy smaller vari-
ations than if the entire deposit had been encompassed, as it was in all
cases for the 20-composite samples. Thus, it could be that theres is
slightly more advantage in the 20-composite method than is indicated by
our analysis.

On a theoretical basis, one might expect 20-compusite samples to
yield a better estimate of the true mean councentration and to have a
standard deviation that is roughly 30% smaller than that for 10-
composite samples. It may be, however, that the larger plugs taken by
the 10-composite method have some practical advantages over the 20-
composite plugs. In particular, it may be that the 20-composite sampler
is too small to produce a fairly uniform plug in some types of soil.
Also, a single 50-g plug should give a better indication of the local
condition than a single 25-g plug, just as a single post hole sawmple
gives a better indication of local contamination than does a single 50-g
plug. (Recall that 8 uniformly spaced post holes are roughly equivalent
to a 10-composite sample over the same region.) Further comparisons of
the 10- and 20-composite methods are made in the following section,
where we examine the degree to which accuracy and precision are
increased as the number of samples is increased,

All in all, we think that the 20-composite method would be slightly
preferable to the 10-composite method if there were little additional
time or expense involved with the former., However, ws found that one
20-composite sample requires approximately twice as much field time as
one 10-composite sample. Considering both collection and analysis of
samples, we found that a 20-composite sample costs approximately 1.9
times as much as a 10-composite sawple. It is evident that a 20-
composite sample is not sufficiently superior to a 10-composite sample
to warrvant this much additional time and expense.

It vequires about 8 uniformly spaced post hole samples to gain the
accuracy yielded by a single 10-composite sample. Since collection and
analysis of 8 post hole samples would cosit about 3.5 times as much as a
single 10-composite sample, the 10-composite sampling method would



o]

appear to be the most economical and efficient for our purposes.

The problem arises that the TAC drill method is not particularly
well suited to certain types of soil. For example, some problems are
presented when drilling in rocky soil or in extremely loose soil. We
think that the TAC diviil wmethod should be supplemented with another
method of collecting 50-g aliquots of soil that are uniform with depth
in types of suil for which the TAC drill method is not suited.



IV. INCREASED ACCURACY AND PRECISION WITH INCREASED SAMPLING

Accuracy and precision gained by increasing the sample size can be
evaluated using the data in Table 4. We have restrvicted attention in
this table to composite samples; general conclusions for post hole sam-
ples can be made using the equivalence rules discussed in the preceding
section. It was assumed for this table that randomly selected 10- or
20-composite sample concentrations follow a normal distribution with
mean equal to the true mean concentration for the region sampled and
with standard deviation equal to the observed standard deviation for
that region. Chi-square goodness-of-fit tests indicate that the assump-
tion of normality is a reasonable one for the composite samples.

In the following discussion we will focus on typical values for the
precision over all sites, for fixed levels of accuracy. As indicated by
the ranges shown in Table 4, precision for either composite sampling
method can vary markedly from one site to another, depending oo the dis-
tribution of contamination. In a later section we discuss the use of
the standard deviation of gamma measurements to help narvow in on the
proper number of composite soil samples for a deposit for a given level
of accuracy and precision.

It appears from Table 4 that it may not be practical to set as a
goal an estimate that is within 10% of the true mean if a high level of
confidence is desired, even in the case of composite sampling. For
example, the average of as many as five 10-composite samples might be
within 10% of the true mean only about two-thirds of the time.

It is considerably easier to obtain a high level of confidence if
an accuracy of only 20% or 30% is required. For example, it appears
that a single 10-composite sample would be within 30% of the true mean
about three-fourths of the time, and the average of two 10-composite
samples would be within 20% of the true mean about three-fourths of the
time., It may require only 2 composite samples of either type to esti-
mate within 30% of the mean about 90% of the time and 3 samples to esti-
mate within 30% about 95% of the time.
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V. USING SURFACE GAMMA MEASUREMENTS TO REDUCE SOIL SAMPLING
Predicting the mean Ra concentration from the mean gamna level

We investigated the relationship between the Ra-226 concentration,
y, in post hole samples and the gamma level, x, measured at the surface
before the sawple was removed (Fig. 4). The concentration y can be
expressed as

y =A+ Bx + E |

where A and B are constants determined by a best fit to the data and E
is a random error term. The usefulness of the gamma level x in predict-
ing the Ra concentration y depends on the variability of the random
ercor term E and whether the assumed linear model is appropriate. For a
single gamma measurement X, the associated random error Ei can be quite
large, so that the gamma level frequently is not a good indicator of the
Ra concenitration at a specific location (see Fig. 5). On the other hand,
a similar equation (with the same values of A and B) can be used to
predict the average surface Ra concentration y over am entire deposit
from a carefully determined average x of surface gamma levels. This is
because the use of the average gamma level reduces the variance of the
random error E considerably (ideally by as much as the inverse of the
sample size).

Data for the tailings pile were excluded from the analysis because
the high "background" gamma level for that site would lead to a predic-
tive equation (more specifically, a Ra-intercept) that would not be
representative for deposits with uncontaminated surroundings. For the
other five sites there is a high correlation between the surface gamma
level and the post hole Ra concentration. The best-fitting line changed
only moderately from one site to another, and R2 ranged between 0.65 and
0.90. Recall that the correlation coefficient R for a set of pairs
(Xi’yi) is a measure of the linear relationship between X and y, and
that a high value of R does not indicate that every pair (Xi’yi) is
related in some predictable fashion. With a value of R=0.90, say, 19% =
(1.0-0.97)x100% of the total variation in y is unrelated to x.

By combining the data from all five sites and fitting to those
points for which the gamma level did not exceed 30,000 cpm (because
almost all of the higher values are from a single site and also because
a swmall number of apparent anomalies at high levels influence the slope
and intercept somewhat) we obtained the linear regression equation

Radium concentration (pCi/g) = -16.1 + 2.75 Gamma (1000 cpm), (Eq. 1)

; 2 . .
with an R” of 0.77. Hence about three-fourths of the wvariation in Ra

concentration is "explained" by the observed variation in gamma values.
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This regression line and the individual pairs (Gamma,Ra-226) for all
gamma levels and all sites excluding the tailings pile are shown in

Fig. 4. To eliminate meter dependency in future applications of this
equation, we have taken the calibration for the instruments used in this
field study to convert the equation to units of pR/hr:

Radium concentration (pCi/g) = -21.7 + 1.63 Gamma (pR/hr). (Eq. 2)

Substitution of the average gamma level for a deposit into Eq. 2
(or Eq. 1) yielded close estimates of the true mean Ra concentration on
each of the sites excluding the tailings pile (see Table 5). The max-
imum observed error is 20%. Thus, it would appear that the average
gamma level is a good indicator of the average Ra concentration in sur-
face soil; however, this should be further verified with additional
measurements. Moreover, the possibility of a small amount of upward
concavity in the relation between measured gamma and radium, stemming
perhaps from a slight "saturation" effect in the gamma scintillator,
should be examined through further measurements (see Fig. 4). If such
concavity exists, the prediction equation should be modified accord-
ingly.

Use of gamma measurements to eliminate soil sampling in some cases

It may be possible in some cases to conclude on the basis of gamua meas-
urements alone whether surface Ra-226 contamination on a site is above
or below guideline levels. (Of course, investigation of subsurface con-
tamination may still be in oxder even if the top 15 cm of soil is below
guideline levels.) In the following we discuss how gamma measurements
might be used to reach such conclusions. In this discussion we are sug-
gesting the use of conservatively high confidence levels to allow for
potential inaccuracies in assumptions made in estimating the standard
error of prediction when using an average of gamma values to predict an
average Ra concentration.

The surveyors should first mark off a one-meter grid on a map of
the site and then determine the location and area of the contaminated
region using surface gamma measurements. The number N of grid points
which fall in the contaminated region will be a reasonable estimate of
the area of the region. (If N > 100 then replace N with 100 in the fol-
lowing discussion.) Surface gamma measurements should be recorded in
1000 cpm at each grid point in the contaminated region. The mean, m_,
and standard deviation, s , of the surface gamma measurements in 100
cpm at grid points in the contaminated region can then be calculated.

If BG is the background value for the Ra concentration, then the
surface Ra concentration will be above the current guideline level of 5
pCi/g provided it is greater than 500/N + BG. If sp denotes the
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standard error of prediction, then we can be 99% confident that the true
average surface Ra concentration does not differ from the predicted
average surface Ra concentration by more than 2.576 ¥ s_. (A 99% con-
fidence interval is too stringent to set as a goal if we are estimating
the average Ra concentration directly from soil samples. We have used
99% in this case for conservatism, because we doubt that the actual pre-
cision in estimating average Ra indirectly from gamma measurements is
quite as great as our current limited data for our small nuwber of sites
would indicate.) Table 5 gives our calculated 99% confidence intervals
for the average Ra concentration, based on average gamma levels, for the
five sites. The true mean Ra concentration on site GJ13660 does not
fall within the predicted 99% confidence interwval, but 30% of the gamma
measurements on this site exceeded 30,000 cpm, a level above which the
regression equation is not considered valid.

If the estimate of the average Ra concentration minus 2.576 x s
exceeds 500/N + BG, the site should be designated as being above thg
guideline level. Similarly, if the estimated average Ra concentration
plus 2.576 x s, is less than 500/N + BG, the surface Ra concentration
can be considered to be below the guideline value.

Using the regression analysis for gamma vs. Ra and a correlation
analysis for predicted Ra concentrations at adjacent post hole loca-
tions, we estimate that s does not exceed the square rool of
1.12+142.7/N, where N is ghe number of gamma measurements in the contam-
inated region. (Recall that N is also the area of the contaminated
region in square meters.) Thus, a site should be considered above the

guldeline level for surface contamination provided

1/2

2.75 x mg-16.1-2.576(1.12+142,7/N) > 500/N +BG

mg > ((500/N)+BG+l6c1+2.576(1.12+142.7/N)1/2}/2n75 .
where m_ 1s measured in 1000 cpm using the instvuments and calibration
factors of this study. As an example, with BG=2.0 pCi/g and a contam-
inated region of 100 m, the above inequality reduces to

m > 9.9 (x 1000) cpm

or, equivalently,
m = 20.2 pR/hr.
g
Use of gamma measurements to estimate the number of soil samples needed

For many deposits, the average gamma level will probably be suffi-
ciently high to indicate that the site contamination is above guideline

values or sufficiently low to indicate that surface soil is below
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guideline values without soll sampling (and with a high degree of confi-
dence). However, there will be sites with marginal average gamma levels
on which soil sampling is needed to estimate the surface Ra concentra-
tion with sufficient accuracy. Even on a site with an average surface
soil concentration below the guideline level, subsurface sampling may
still be in order to decide whether rvemedial action is needed.

The mean and standard deviation of uniformly spaced gamma measure-
ments can be used to estimate an optimum number of soil samples. Sup-
pose that we want to be 90% confident that ouxr estimate of the mean Ra
concentration is within a fraction F of the true mean (for example,
F=0.2 means within 20% of the true msan). Since the composite samples
will be approximately normally distributed, 90% of the =zample means from
random saumples of size K will be within F of the true mean provided

K > [(1.645 % s)/(F x m)]2

where s is the population standard deviation and m is the true mean.
Neither s nor m is known a priori and hence both must be estimated. From
the regression of post hole Ra concentrations on surface gamna readings
we find that the standard deviation of the Ra concentrations is approxi-
mately 1.63 times the standard deviation of gamma readings in pR/hr.
Also, a rough estimate of composite sample standard deviation can be
obtained by multiplying post hole sample standard deviation by 0.25.
Thus, if m and s denote the mean and standard deviation of the surface
gamma readings, we obtain the following estimate of the smallest number
(K) of composite samples needed to be 90% confident that our Ra estimate
is within a fraction F of the true mean:

1’
(Eq. 3)

K ={[1.645 x 1.63 x 0.25 sg]/[F x (-21.7 + 1.63 mg)
=((0.67 x sg)/[F x (-21.7 + 1.63 mg)]}z.
If the mean and standaxrd deviation of the gamma measurements are given
in terms of 1000 cpm using the current calibration, Egq. 3 would be
replaced by

K =((1.13 x Sg)/[F x (-16.1 + 2.75 mg)])z. (Eg. &)

Table 6 compares the resulting estimates of the number of samples
needed on the sites in this study (excluding the tailings pile) with the
number actually needed to be 90% confident that the error is within 20%
of the true mean. The large predicted values for site GJO0870 are due
to the inclusion of gamma measurements over a large region of uncontam-
inated soil. If attention is restricted to areas that are clearly con-
taminated on this site, the number of 10- or 20-composite samples needed

would have been estimated as five. On the other four sites, the
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predicted number of composite samples needed range: frem two to five.

Perhaps five 10-conposite samples should be considered as a practical

upper bound, even if a higher number is indicated by the above formula.

Use of nearly avercyge gaumna levels to jocate typlcal Ka contamination

&
The method currently used by the RASA group to reduce soil sampling

©

T
is that of analyzing twe pest hole samples taken al points where the
s

gamma level at the surface is judged by the surveycrs to be roughly

average for the deposit. In order to examice the vellability of this

[

method, we considered radium concentrations at: all po

" ot
=4

showing "nearly averag gamma levels, which we deli
1500 cpm of the true average gamma level as determinvied from a large
number of uniformly spaced measurements. This corresponded to a maximuwn
ervor in the estimate of the true mean gamma level that ranged from 7%
tu 18%, depending on the site.

As shown in Table 7, relatively few of the soil sawmples taken at
points showing nearly average gamma levels had Ra concentrations within
20% of the true mean concenltration. An exception was site GJ12711, on
which two-thirds of the soil samples at nearlv sverage gamma levels were

within 20% of the true mearnn. At the

Q

ther extirems, on oite GJ00870 only

b

1 of 12 soil samples at nearly averags gamma levels showed & concentra-
tion within 20% of the true mean, the other 11 samples showed KRa concen-
trations ranging from ¢.%5 to 0.77 times rhe vTrue mean. The method is
not necessarilv improved a great deal by increasing the number of sam-

ples collected at nearly average gamma lev

6]

la.  lor example, for site

GJ0O0870C, 96% of the averages of 5 samples selected randomly (without

=y

replacement) from nearly average gamna locations would be an least 30%

below the true mean and 60% would be at least 40% below.
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Vi. SUMMARY AND CONCLISTONS
Practical levels of accuracy and precision

It may not be practical to set as a goal an accuracy as high as
10%. Perhaps an accuracy of 20% with a confidence level of 90% would
not be unreasonable for surface soil, particularly if conclusions can be

drawn for many sites from the average gamma level.
Uniform vs. random spacing of soil samples and gamms measurements

In the collection of soil samples or gamma measurements, approxi-
mately wniform spacing is preferable to totally yandom selection of sam-
pling locations. It would not be weorthwhile, however, to take the time
to lay off an exact grid. It should suffice for surveyors to make rough
approximations of distances, perhaps by stepping off distances from a

few well established reference points.
Individual vs. composite samples

It appears that fairly high levels of accuracy and precision can be

achieved wmuch more efficiently using composite samples rather than indi-
vidual samples. Moieover, 10-composite samples appeared to be superior

to 20-composite samples when cost-effectiveness was considered.
A problem arises that scme types of soil cannot b
with the TAC drill method. This drill method should b

with anothey composite sampling method that would be effective in

o

sampled properly

0]

supplemented

5

extracting approximately 50 g of soil, uniformly to a depth of 15 cm,
from any region of a deponsit not suitable for the TAC drill. For exam-
ple, if a 10-m  deposit had an area of 5 m2 that could not (or should
not) be tested with the TAC drill, then five samples gathered by other
methods (with each reduced to 50 g of soil if greater anocunts were
taken) wightt be combined with five 50-g plugs gathered with the TAC
drill to form a single 10-composite sample,

For the purposes of this study it was useful to have each composite
sampla taken from points uniformly spaced over the whole deposit. Fox
an actual field survey the collection of composite samples can be done
mere efficiently. 1f a given number, K, of composite samples are to be
taken from the surface soil on a site, the contaminated region should be
divided into K regions of approximately equal area and one composite
sample should be taken from sach of the K regions. The surveyor will
save steps and may be better able to judge approximately uniform spacing

over the smaller area than over the whole deposit.
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Use of gamma measurements to optimize soil sampling

A carefully determined average gamma level at the surface over an
enitire deposit can be used, together wiih a regression equation based on
a history of pairs (gemma,Ra-226), to obtain a reasonable estimate of
the mean Ra concentration in the top 15 cm of soil in the deposit. This
could help reduce soil sampling substantially. Once overall goals for
accuracy and precision have been chosen, we could determine site-
specific values Gl<G2 such that an average gamma level less thap G1
would indicate that the surface Ra concentration falls below guideline

levels and an average gamma level greater than G, would indicate that

2
remedial action is in order. If the average gamma level is between G1
and G2’ the determination of the mean surface Ra concentration would be
made by soil sampling and analysis. The values G1 and G2 will be a

function of the desired accuracy and precision, the background Ra con-
centration, and the area of the deposit.

The present Ra vs. gamma regression line should be improved by col-
lection of several pairs of points (x,y), where x is the average gamma
for points at which a composite sample was taken and y is the radium
concentration in that composite sample. In the future, surface gamma
readings should be recorded at each point from which a 10-composite plug
is taken. A regression equation of 10-composite Ra concentration
against average gamma (taken at the 10 points) with the composite sam-
ples taken from distinct (non-coverlapping) regions would yield a much
preferred regression equation. With this improved equation, we would
not have to make the conservative estimate ¢f the standard error of

a1

prediction when using the average gamma level to predict the average Ra
concentration.

The number of soil samples required for the desired accuracy and
precision can be estimated from the standard deviation of the gamma
measurements as discussed earlier. However, some practical limit on
soil sampling should be set, such as five 10-composite samples. More
samples may be in order if the area of the depesit is substantially

greater than the largest deposit in this study.
Evaluating subsurface contamination

Determinatias of the level of contamination in subsurface soil

PR

C
presents conaiderable practical problems, and it would not be reasonable

to set the same goals for accuracy and precision in estimating the aver-

age subsurface Ra concentration at a given depth that one would set for
surface r~conizmination. I may be reasonable, for example, to attempt to
determine the average Ra concentration from 15 to 30 em with an accuracy
of 50% at a 90% confidernce level. Although the present study was not
designed to gather direct information about a sampling technique for

subsurface soil, the equivalences among the various sampling techniques
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determined for surface soil might be assumed to apply also to subsurface
soil. For the sites in this study (excluding the tailings pile), the
number of 10-composite samples needed for an accuracy of 50% at a 90%
confidence level (as predicted by Eq. 4) ranges from 0.25 to 2. (Of
course, anything less than one composite sample should be interpreted as
one.) Using our estimated equivalence of one l0-composite sample and 8
uniformly spaced post hole samples, we estimate that the number of post
holes required for 50% accuracy at a 90% confidence level would range
from 2 (0.25x8) to 16 (2x8) for the sites in this study.

There are various approaches that could be applied to sample sub-
surface soil.

a. The present method could be continued, that is, one could
select two points with average surface gamma levels and take post
hole samples until a decrease in the gamma level is observed. This
method does not appear to lead to a reliable estimate of the aver-
age Ra concentration in surface soil, and we would expect it to be

at least as inaccurate for subsurface soil.

b. The 10-composite method could be applied to subsurface soil,
with plugs taken at 15-cm intervals to a maximum obtainable depth
over the deposit. Results from this study indicate that an accu-
racy of at least 50% with a precision of 90% can usually be
obtained with a single 10-composite sample, although two samples
might be preferable if the surface gamma measurements indicate
extremely heterogeneous contamination. This approach would be
facilitated somewhat if some method could be devised to determine
the gamma level at depths from which composite samples are taken,
so that sampling could be stopped once a relatively uncontaminated
depth has been reached.

c. A method similar to method (b) could be used, except that a
post hole digger would be used to obtain a number of uniformly
spaced (but otherwise randomly selected) samples equivalent to the
number of 10-composites indicated by Eq. 4. The accuracy and pre-
cision obtained would be the same as that with method (b). The
advantages of this method are that the post hole digger will work
in all types of soil and a decrease of contamination with depth
could be measured in the post holes with a gamma scintillator. The
disadvantage is that considerable digging would be required since
eight uniformly spaced post hole samples are approximately

equivalent to a single 10-composite sample.

d. We have reviewed data collected by ORNL from hundreds of UMTRA

sites since 1984, including extensive comparisons of surface gamma
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levels and Ra-226 concentrations in surface and subsurface soil at
the same locations. Some of these locations showed typical surface
gamma levels for a site, while others showed maximum levels for the
site. We have drawn the tentative conclusion from these data,
together with surface and subsurface gamma data from the present
study, that a fairly conservative estimate of subsurface contamina-
tion usually can be obtained from subsurface samples taken beneath
points showing highest surface gamma. Thus, it may be useful to
employ a variation of method (a) in which post holes are dug at 2-3
points showing highest surface gamma levels rather than average
gamma levels. Subsurface samples would be collected (for analysis)
at 15-cm intervals as far down as practical or until gamma measure-
ments suggest little or no further contamination. Since the Ra
concentration in these samples is assumed to yield a conservative
estimate for subsurface contamination, results could be used only
to conclude that subsurface contamination is below guideline
values. If the estimate is above guideline values, more extensive
sampling of subsurface soil (say, by method (b) or (c)) would be
indicated. Thus, this method would require revisits to a small
percentage of the sites after the soil samples have been analyzed
(considerably less than 15% of the sites, judging from the subsur-
face data for the hundreds of sites surveyed by ORNL since January,
1984). 1t would appear to be a fairly efficient method, however,
since it would require a minimal number of subsurface measuvements

onn most sites.
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FIG. 2.

Current sampling protocol---two post hole samples at average gamma.
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Table 1.

Summary of

soil sample data for each site.

. Type of Number of  Number of samples Sample mean Ra  Stander Estimated true mean
Site ) N 3 2 R e ] X
sample samples or plugs per m conc. (pCi/g) deviation Ra conc. (pCi/g)
GJI00762 individual 45 3 14,2 10.4 14.2
20-composite 30 40 14.2 2.9
10-composite 36 40 13.7% 2.6
GJ008790 individual 66 0.5 7.3 11.2 5.0
20-composite 30 4 9.6 2.8
10-composite 30 2 10.2 4.2
GJ11088 individual 60 0.3 19.3 21.5 17.3
2G-composite 30 2.5 5.2 4.1
10-composite 30 2.5 10.1° 3.6
GJiZ2711 individual 55 1.7 7.8 5.2 7.8
20-composite 30 18 7.7 0.6
10-composite 30 9 7.8 1.1
GJ1366¢C individual 40 0.2 51.3 50.2 57.¢
20-compesite 306 3.3 641 14.2
10-composite 30 1.6 58.3 12.1
GITPILE®  individual 95 1 60.8° 50.2
20-composite 30 6 34.0f 9.6
10-composite 30 3 39.8% 0.3
aSubstantial area of deposit not sampled by this method; hence mean may not be representative of entire
deposit.

Tailings pile.

CEffective depth of

ings pile.

sampling may have been different for composi

te samples and post-hole samples on tail-

G¢
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Table 3. Comparison of coefficients of variation (standard
deviation divided by the mean) obtaimned by different methods.

Site single single 15 random 10 random 8§ random PH's,
20-comp 10-comp PH's with PH's without nearly uniformly
reglacement replacement spaced
GJ00762 $.20 0.19 0.19 G.21 0.19
GJOC870 .29 0.41 0.39 Ny 3.41
GJ11088 .27 0.36 0.29 ¢.3% 0.32
5J12711 ¢.08 0.14 0.17 0.19 G.20
GJ13660 G.22 0.21 0.25 06.26 0.26
GITPILE G.28 0.26 0.21 G.24 0.21
MEAN OF C.V.'s 0.22 0.26 G.25 C.2¢& 9.27
S.D. OF C.V.'s G.08 0.10 0.08 ¢.0¢ .09

{e
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Table 5.

regression and the true mean concentration for the deposit.

Comparison of the radium concentration predicted by the

. Average surface Ra conc. 99% confidence True mean
Site gamma measured - .
predicted from error limits Ra comnc.
at post holes
(LR/hry regression eq.

GJ00762 21.0 12.5 + 5.4 14.2
GJ00870 17.8 7.3 + 4.7 9.0
GJ11088 25.9 20.5 6. 17.3
GJ12711 19.3 5.8 + 5.0 .8
GJ13650 41.6 46.1° + 5.4 57.9
#30% of the gamina measurements on this site exceeded 30,000 cpm or 54

uR/hr.

6¢
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Table 7. Summary of accuracy obtained by selecting
one post hole sample at random from an arca with a
nearly average gamma level.

Fraction within

Site 20% of true mean
GJ00762 0.13
GJ00870 0.08
GJ11088 0.11
GJ12711 0.68

GJ13660 0.33
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