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ABSTRACT

The high sampling variability encountered in environmental plutonium
studies along with high analytical costs makes it very important that ef-
ficient sampling plans be used. However, efficient sampling depends on o
explicit and simple statements of the objectives of the study. When there

- are multiple objectives, as in the NAEG study, it may be difficult to de-

vise a wholly suitable sampling scheme. Sampling for long-term changes in
plutonium concentration may also be complex and expensive. Further atten-
tion to problems associated with compositing samples is recommended, as is
the consistent use of random sampling as a basic techmique.

R

. Introduction

S ' S
This report is concerned with some general considerations having to do
with the quantitat;ve aspects of gnVironmental plutonium studies; A longer
and more detai]éd analysis is beiné preparéd asla separate report, and the
particulars 6f our statistical work on NTS soi1 samp]éﬁAappear under another

heading in this progress report. ‘ : ' -

-

*Text of a talk for the 1973 NAEG Plutonium Program Information Meeting at

~

Las Vegas, Nevada, October 2-3, 1973. This paper is based on work
performed under United States Atomic Energy Commissiem Contract AT(45-1)-1830.
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The high variability from sample to sample and the considerable cost of
accurete Plutonium analyses make it essential to seek out and use efficient
sampling procedures. Much of the relevant statistical sampling methodelogy
can simply be described as procedures for satisfying barticular objectives
at a minimum cost. An important problem in environmenta1 plutonium studies
“1s that the objectives of such investigations may not be specified at all
clearly, or may be multiple and complex in nature. There is thus a need to
try’to pin down these objectives and to see whether suitable sampling pro-

cedures can be devised and executed in the field.

- Material and Methods : ~

Our interest in the quantitative aspects of environmental surveys for
plutonium contamination initia]ly arose in connection with studies at the
Nevada Test Site under the auspices of the Nevada App11ed Ecology group
Our main effort thus far has been concerned w1th stat1st1ca1 aspects of sam-
pling soils for plutonium, and some -preliminary details appear in a report
by Eberhardt and Gilbert (1972).“We were also asked to make'sqme sugges-
tions about statistical'aspects of a survey for plutonium on Eniwetok Atoll,
and have benefited from the opportunity to visit and d1scuss env1ronmenta1
. p1uton1um studies at Los Alamos and Colorado State University.’ The method-
_o1ogy involved here largely depends on the statistica1 techno1ogy deve1opeqr'
for survey sampling, as described for example by Cochran (1963). We have
also depended on results concerning the lognormal distribution summarized
by Aitchison and Brown (1966) |

,Unfortunately, the best-developed statistical technology has to do with
estimating epecific quantities of some subétance, while the compelling issue

in connection with plutonium has to do with the much less precisely defined
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objectjve of protecting people from harmfu] exposures. Our approach to that
quéstion is predicated on the assumption that the only sure protection is a
* thorough knowledge and understanding of the fate of any plutonium»introduced
: into'the environment. Since the routes and processes invo]ved are many and
may be complex, we suspect that effective planning requires a fairly compre-
hensive model of some kind. One strong reason for this notion is the fre-

. quently mentioned point that most of the field experience‘with plutonium is
in arid areas so that the results may not be appropriate for application in
the case of accidental dispersion of plytonium in, say a midwestern agricul-
‘tural area, or an eastern suburb. Wé contend that one useful way io clarify
the points of commonality and dissimilarity is to try to make explicit the
details of such an incident in a model. | '

w¢ hold the view that models are useful for appraising and summarizing
data, exploring objectives, and désigning field and laboratory studies. In
the present state of knowledge about environmenta{ contamination, weldo not
believe models are very usefﬁl for numerical predictionA—wberg extrapolations

" must be attempted we suspect regrééSion techniques (preferably based on a

specific model) are to be preferred.

Results and Discussion

One source of potential cbnquion in sampling soil for pIUtonium'hinges
on use of the word "“inventory." In everyday usage; an inventory is.normally
tqken toimean a complete accounting of some items of imterest. One thén as-
~ sumes not oh]y that we know how many items there are, but also exactly where
the individqa] items are located. When inventories are taken by sampling,
information on location may be sacrificed in the iﬁterest of obtaining a pre-

cise estimate of total quantity.



When the objectives of sampling for plutonium are considered in the fight
of problems 1ike dose-assessment, determining "source-terms" for resuspension
'studies, or setting lfmits for "clean-up" operations, it may well be that
-information on location becomes more important than a good estimate of total
‘quantity. '

The soil sampling done thus far (area 13 and the GMX site) has been based
on stfatified random sampling, in which proportionately mbre}samp]és go into
;he subareas (strata) having the higher plutonium concentrations. Since both
of the areas now being sampled were contaminated from a single location, and
plutonium concentrations seem to drop off fairT& smoothly towards'the bounda-
ries of the area, we are inclined to'believe that the present sampling scheme
will be reasonably éfficient for "location" purposes. However, it seems
important that there be some further discussion of the relative importaﬁce
of estimating totals versus location before sampling plans are-decided on
; for other areas. | .

We have not asfyet beén able to locate references on sampling theory
%pecifica]ly directed towards the\ahestions posed here,‘é]though there are
various fields of'statistical study that seem to "come‘close" to the problem.
One common-sense approach is to use a uniform ("grid") spacing of sample plots -
and tb fit contour jines, pbssib]y using one of the computer routines devised
»for that purpose. One major drawback to such a scheme is that it will c1eaf1y
result {n over-sampling the low concentration areas,.and thus not be at all
efficient. ‘

Our discussion of sampling thus far has been couched largely in terms
of a“static\situation, as though the materia] being studied were fixed per-
manently in place. For many of the objectives of g&i],samp]ing; this is a
reasonable assumption. In the long term, however, We do need to consider

~
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‘how to measure changes. Several possibilities éan be considered:
]) Later transport by water (movement down a "wash," for example).
2) Penetration into the soil. ‘"i
3) Gradual dispersion along soil surfaces, as the resﬁlt of wind movement.
4) .Loca] accumulation areas (as in soil mounds under bushes at NTS)..
Other prospects need to be considered, too. Those listed abbve mostly
occur over long enough spans of time to make sampling for éhanges very dif-
fféu]t, particularly for plutonium, due to the high variability of sample
results. At the moment we are mostly cénsidering prospects for obtaining
some rough notion of approximate dispersion rates, but very likely'shou1d
also consider sampling plans that deal directly with change in time. -
In the NAEG study there evidently is some degree of surface movement of
plutonium from wind action. Details of this change are under study in the
resuspension program. Typically, one of the "safety shot" areas may show
concentrations that decrease in all directions fkoﬁ the site of the e§p10$ion(s).
We have sﬁggested vi%ua1izingAa three-dimensional plot of concentrations as
a smoothly—shaped hill. <Genera11y'20ch a hill-shaped representation will be
considerably elongated in the downwind direction of thg‘prevai1ing winds.
We assume that the major part of the dispersion of p1utohium in these
sites takes place at the time of ‘the original "event" (explosion(s) in:thé_
safety shots). After the event, there apparently is a gradual outward dis- -
persion of material in the surface layer_of soil. In thg downwind direction,
this presumably results in the Qradua] apparent reduction of concentrations;
'in effect, the "hill" of concentration tends to become lower but broader and
longer. One particularly interesting question about such changes is what

they mean in terms of the exposure of plants and animals to plutonium.




‘Presumably an incfeasing number of individua]s are exposed to a decreasiﬁg
average concentration. The presence of local accumu]afions under desert
shrubs has already beén mentioned. o \\‘ .

:The other source of reduction in surface concentrétions is possibie
penetration of plutonium into deeper soil layers. The available soil pro-
file data often suggests ‘an expontially declining concentration with depth,
-~ as would result from a diffusfon model. One is thus tembted to assume a
constant relationshib between depth and time, and to try to deduce an aver-
age rate of penetration. The effects of'wind and water rearrangement of
surface soil layers may be important in_this context, but beyohd ;ome in-
defihite depth. the net effect is presumably one of removing plutonium from _
possible resuspension. Just what bearing this has on plant uptake is of
interest, too. Presumably shallow-rooted plants will have less access to
plutonium over time, but shrub root systems may h§ve an interesting contact.
. Although plant uptake is known to be small, its het effect is always towards
bringing the mater?él back fo the soil surface. Hence there is an evident
need to try some quantitative appraisals iof balance between diffusion down-
wards and return by p]énts. ) ~

" Since the possible movements in soil are evidently quite slow, an B
unreésonab]y large amount of sampling will be needed to obtéin useful esti-
-ﬁates ofAratés in relatively short time periods. Also, we do not, at presént,
Have a clear notion as to the best sampling scheme for that purposé. It thus
seems extremely important to look fbr historica] data that can be used to'heIp
_infer rates, and, if necessary, to plan sampling schemes. Becaﬁse‘there are
often doubt§ expressed about validity of some of the older analyses for
plutonium, it would be particularly useful to obta%h thevactuaI'soil col-
‘lected a number of years ago, and to compare.analyses on such samples with

current samples from the same site.
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One important and as yet unresolved problem concerns the advantages and
disadvantages of compositing or "pooling" samples. Two purposes may be |

suggested: . - ' \\Q_

'1) To ach1eve a sufficient mass of, :for example, t1$sues of small an1mals

. to permit analysis.

2) To attempt to reduce variability by combining a mumber of samp]es taken
in the same neighborhood.

A further complication is introdhced in cases where a set of samples are
combined, but only a fraction (an aliquot) is used for the actual analysis.

‘We ‘are not presently prepared to offer comp]eté recommendations as to

-how to handle this problem, but bringAit»hp for two reasons. One is to

note that answers will depend very much on objectives and the other is to

suggest that the results of some experimental studies would be most helpful
in unravelling the tangle. We believe fhat some of the results of the study
by Eberhardt, et al., (1973) may be helpful in appratsnng such stud1es, but
as yet have not located appropriate data for ana]ys1s.

When the ent1re compos1ted samp]e can be analyzed and the primary

‘obJectlve of the study is to estimate a total or a meanm, there doesn't seem

to be any mejor prob]em for something like soil samplimg. We‘do recommend,
though, that the sampling design specifically take into account compositing,

By using "ciuster" sampling. One such procedure is to define large ;amb]ing

_ units ("primary sampling units"), draw @& rrandom sample of smaller plots (e.g.,

soil cores) as "elements" within each sueh primary.sam@]ing unit. The ele-
ments can then be composited, and fhe composite valde used to represent each
primary unit which is now essentially treated es a simgle sampling unit

The main question about such a procedure is whether ar not it y1e1ds any.

worthwhile reduction in costs. . SN
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When aliquots are taken from a composited sample, prudence dictates that
two separate subsamples be taken from each composite to determine whether

the mixing is effective, and thus whether or not the cempositing is really
worthwhile. : ™

kN

.wé have been pretty consistent advocates of the userf random sampling

for soil plutonium studies. We have recently been reminded of some épp]i- _

‘cations (the global strontium-90 and similar surveys) that have produced

highly satisfactory results by "eyeball" selection of sampling sites. We
think it is necessary, however, to consider the circumstances, phenomena,
and purposeé of the Health and Safety Laboratory (HASL) fallout surveys be-
fbre extending that methodology for use in some’other situations. These
include the following features: | '

1) If only a very few locations can be used for some very large region (e.g

a continent) its unlikely that even the most dedicated statistician w111
stick to random selection.

2) Apparent]y the major component of variabﬁ]ity7in the global fallout

surveys is the variation over time. The large-scale physical forces
seem to be such that rather large areas receive almost identical incre-
ments of fallout (at a given latitude).

3) Soil sampling for global fallout ‘thus requires careful selection of sites
that will serve to integrate fallout over t1me--1n a sense to serve as
fallout collectors.

Very likely quite similar arguments can be advanéed in referenct to -

appraising fallout on a smailer scale. The most important exception, in

'dur Jjudgement, has to do with circumstances where redistribution (by wind,

water, etc.) has to be taken into account. For the main purposes of the
global surveys the effects of rediétribution constitute a nuisance factor
to be avoided if at all possible. For other objectives, having to do, for
example, with assessing the current distribution of plutonium on the Nevada
Test Site, }edistribution must somehow be taken into account. For such -
purposes, we believe random sampiing to be an essential part of a sampling

scheme. R o
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A final item‘tﬁat might be mentidned here is the use of double-sampling,

wherein an accurate but éxpensive method is supplemented by an inexpensive

but less reliable alternative method of measurement. A detailed discussion

_ is given in our earlier report (Eberhardt and Gi]bert,‘]973).“ We on1y~want

to note here that further accumulated experience in comparing "FIDLER" results

with plutonium analyses by "wet chemistry" continues to suggest that the cor-

relation bet&een the two sets of measurements is not sufficiently high that

important gains in sampling efficiency can be made using the two methods.

Hdwever; correlations between gamma scans and wet chemistry‘continue to be

very high. We should emphasize that the "FIDLER" results are‘very'usefu1

and desirable for stratification and for other purposes.
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