
.
. ,.

I

~
3
a).-
>

2

REPOS!TOfiY

COLLECTION

PALALL~

FOLDER chf’tida~ iY7&

August 28, 1972

Dr. Don Hendricks
Director of Radiological Operations Division
Nevada Operations Office
USAEC
Box 14100
Las Vegas, Nevada 89114

Dear Don:

,

hlidk hiJk”V.d

Richland, I%%hinglon 99352

Teleplmnc (509)

Telex 36921

409771 “

This letter is to sunnarize our understanding of the sampling aspects

.~f the forthcoming Eniwetok suriey. I assume there will be some further

discussion of this, and this letter is intended to serve as a basis for

such discussions. I have had several long talks with Oliver Lynch by

telephone, and Dick Gilbert spent a day with him last week. We very much

appreciate his cooperative spirit and have been much impressed with his

understanding of the problems and thorough-going approach to the survey.

Probably Ollie will not agree with all of our suggestions, since he has to

implement them in the field. Having had occasion to modify my own survey

designs in the field, I am aware of the kinds of things that come up.

However, we do need to try to spell out some of the consequences of particular

modifications where this is possible. Mostly these have to do with what

random sampling amounts to, and the effects of deviations from a truly

random sample. There is ample evidence that a representative set of sampling

locations cannot be selected by ‘Jeyeb~ll”. There are quite a few practical-

minded people who don’t believe that’’statement, but we’ve got enough to do

at the moment that I don’t want to spend any time on that old argument. Nor

can we say exactly what the consequences of departures from random sampling

sche;neswill,be. We will suggest some ~ossibilities, and perliapsit is

sufficient to note that if the results of this study have to be somehow

defended in .“public”they had better be based on a defensible scheme.

The balance of this Ietter will deal with some specific topics. Some

of these we haven’t looked jti~u in tt?edetail we feeJ advisable, but time

is pressing on. In what follows we assume that there are reasons for wanting

to make specific statements either about specific parts ofan island, a single

island, or about groups of islands. Our purpose is to try to provide some
. . . . . . ..-. .
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criteria for determining the number ofsamples to be assigned to a particular

/
such unit. We assume that all concerned understand that there is no single

“best” sample size and that someone has to judge what criteria will serve

the objectives of the survey--this process ought not to devolve on us, since

we’re not sufficiently familiar with the problem and the Atoll. A common

tendency is to try to find an acceptable number of samples per unit area

(say one per so many thousand square feet). This comes from the usual lay

opinion that d big area should have more samples than a small one. Although

a small adjustment can be made for size of area, it is generally true that

the controlling factor is not size, but is variability from spot to spot.—
Sometimes this is a hard point for field workers to accept, but I think that

most of those who have had a look at data on radionuclide concentrations due

to fallout will remember that samples taken a few feet apart are often just

as different as are those separated by much greater distances (see for

example, P. 6 of the study by Held et al. of atoll soils and radionuclides;,

UWFL-92, 1965).

A good deal of experience with radionuclides in a variety of substances

suggests that the coefficient of variation is relatively constant, if the

data are taken from situations having some degree of homogeneity. This

observation, plus other information, indicates that the frequency distri-

butions of observed data will be “skewed”, i.e., if one plots the relative

numbers of soil samples having specific concentrations, there will be a -

sizable number at some point to the right of zero (with the appropriate scale)

and a long “tail” off to the right. The commonly used distributions for

representing such data are the lognormal and gamma distributions. The existence

of such skewed distributions has some important implications when it comes to

clean-up, and we will return to this ‘pointlater.

Criteria for selectirlgsample sizes

If it isassumed that the coefficient of variation is a constant, i.e.,

that the standard deviation (s) divided by”the mean (~ is approximately

constant, then we can compute a standard error of the mean:

coef. of variation = c = ~ ‘-Standard error = ~= ~
x pfi
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and express this as a proportion:

Standard error as proportion = ‘= ~= S

JnI ~iix p

so that approximate confidence limits can be expressed as (for accuracy

one might use t-variate as multiplier for the smaller sample sizes, but the

presept procedure seems adequate for making judgments; also we will later

bring~the effect of skewness on confidence limits):

Confidence limits as proportion of mean ~ :2 SE(prop.) = + z
- ~fi

Thus if we know or assume the value of the coefficient of variation appro-

priate for the Atoll, one can calculate the sample sizes necessary for

statements such as the following:

“The probability that the true mean concentration of plutonium in soil

samples from Japtan Island will be within ~ 5% of the observed mean determined

from n samples is .95”. In other words, we can specify a percentage

interval within which we can have high confidence that the actual concentra-

tion will fall, given an advance estimate of C (the coefficient of variation).

Note that all we ~eed is C, since the actual concentrations do not enter the

calculations -- we make the statements as proportions or percentages.

Some actual estimates of C for soil plutonium are as follows:

Samples Coefficient
Locations Size of variation—

Bikini (page 12 of NVO-97] Sunmnaryreport 11 .74

of the 1969 and 1970 Bikini ,$urveys)

Eniwetok (Data on samples frGm Janet, by phone 12 .42

from O. Lynch)

Eniwetok (9 composites of 3 each from Phase 11A g. .75 (1.30)*

islands; Alice to Edna)

ROcky Flats (HAsL-235) 33 “ 3.6

Nevada Test Site (GMX study)
-Stratum I 10 .66

Stratum 11 4 .55

- Stratum IV 6 1.36
*adjusting for composites
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We have arbitrarily selected C=.7 as the value to use here. Other evidence

suggests that this will not be a bad guide for other radioisotopes, and that

the results should apply reasonably well to those islands contaminated mainly

by fallout. If the sampling is done along a very distinct gradient in

concentrations, then the above guides don’t hold, as for example as shown in

the Rocky Flats data. If one has some evidence on whict to sketch in

several levels of contamination (as wa~ available at the GMX site on NTS)

then the variability within such a stibdivisionshould again be roughly as

indicated. The consequences for the Eniwetok study seem to be that we can

feel reasonably secure in predicting confidence limits (as %) for situations

other than on those islands where ground zeros existed, where rather larger

samples are indicated for comparable confidence limits.

The above calculations can be summarized in the following table:

Approximate confidence limits
n (sample size} as % of mean concentration

10 + 44%

20 t 31%

30 ? 26%

. 40 * 22%
#

50 t 20%

60 t 18%

100 t 14%

200 f 10%

These results are simply calculated as l.~/~so one can easily find vdlues

for other samplet sizes, or can increase the numerator (which is 2(.7) or

twice the coefficient of variation) to some larger value to reflect supposedly

greater variation. From this evidence, we don’t recommend that sample sizes

as small as 10 be regarded as anything but rough guides to relative concentra-

tions. Samples of 30 or more may be sufficient to make some reasonably

satisfactory.estimates. However, if one wants to be fairly precise, even

100 samples is not too many, since we still have a fti”rlywide range (*14%)

for the true mean. Perhaps it is worth repeating here that these confidence
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limits are statements that can be made in advance of sampling or about many

future repetitions of the same survey. The actual concentration of plutonium

present is some particular value and is not likely to be changed by our confi-

dence limits! It is important to note that these calculations say nothing

about area or number of islands involved. As noted above, it is the vari-

ability, not the area, that determines sample size. Hence the size of

sample needed goes up or down depending on how islands are grouped or sub-

divided and on ~~hatchoices are made as to precision of results needed for

a particular sampling unit.

A different criterion is available if one chooses to consider the size

of sample required to determine whether concentrations differ from place to

place. Presumably this sort of judgement may be involved in deciding or

confirming whether the seaward and lagoon sides of various islands have

different concentrations of plutbnium, or whether the several sets of “fallout”

contaminated islands have different concentrations. The kind of statements

that can be made for given samples sizes notdbecome somewhat more complicated,

and there are other features having to do with number of places being compared

and differences in sample size. For simplicity we present a comparison of just

two areas (or islands or two groups of islands) and assume that each has

been sampled with exactly the same number of plots. hen the comparison may

be a “t-test” and we are interested in what the statistician calls the

“power” of the test--i.e., what is the probability that we will actually detect

a difference of a specified magnitude.? The results can be phrssed in state-

ments like “the probability is .90 that we will be able to detect a differ-

ence of 40% in p7utonium concentration between seaward and lagoon sides of

an island if we take n samples on each side of the island” (for purists,

we note that one also needs to set the probability of Type I error, i.e.,the

chance that we claim a difference when’none exists; we have here used the .05

level as is usual). Since the distributions are skewed we have assumed a

logarithmic transformation and express the comparisons as a ratio (R), that

is, we suppose the “high” area is R times the “low” area. A quick look

at the table attached willshow that samples of even 50 won’t distinguish ~~u (e(~ )

anything but I.argedifferences, whereas with samples of size 30 (in each

location) about 70% of the time one would expect to distinguish a difference

- as large as 50% (R=l.5). Larger differe~ces will of course be picked up with
.
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‘obability and larger samples will detect smaller errors. As a

working guide, we recommend that a power of .90 be the mininimal value used

to select sample sizes. Thus to select the sample size needed to make com-

parisons between two islands (two areas, two groups of islands) first

determine what difference should be detected (e.g., 1.3 means roughly 30%

differences will be picked up) and choose a sample size large enough to give

a power of .90 or better (about 130 in this case). Lacking any firm choice

as to criterion as to difference to be detected, one can simply browse

around in the table and get a general impression of what difference a

given sample size will serve to detect.

R (Ratio of “high” to “low” mean)

1.3

n g

700 .83

120 .89

130 .91

140 .93

1.4

n &—
50 .75

75 .89

Eis .92

100 .96

n ~ 1—
30 .69

47 .88

55 .91

60 .931

1.8

n &—
22 .86

25 .89

27 .91

30 .94

2.0 , 2.5

n g n &

;4 .80 ; .83

16 .85 11 .89

20 .91 12 .92

22 .95 13 .94

3.0

!l_ g

4 .54

6 .76

8 .89

9 .93

In the above table, B denotes thepr-obabilitythat samples of size n will detect

ratios of mean concentrations of size R. As an example, if we expect the

concentrations in one area to be 1.3 times that in another and take 100

samples in each area, then the t-test will have a probability of .83 of

finding this difference (and probability of .17 of not identifying this

difference, even though one as great as this actually exists).

An inspection of the above table will show that one cannot have a high

probability of finding differences of less than about two-fold unless rather

large samples are uLed.
i

Sampling patterns

In beginning this letter, we pointed out the necessity for using random

sampling if one is to be protected against criticism. There is one rather

widely used alternative scheme, which is to locate samples in some systematic

pattern. In a problem like the present one, a two-dimensional grid may be

the most likely pattern, so that the samples are located at, say, x-hundred

yard spacing. One argument for using such a pattern is that it may prov;de

somewhat better estimates of the amount of soil to be moved in a clean-up
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operation. I rather suspect that this is true only if the source

of contamin~tiorlis such that the concentrations can be

smooth gradient in both directions from some maximum --

visualize~three dimensional plot of concentrations as a

regular shape, so that evenly spaced sampling locations

regarded as having a

one might thus

hill of some

make plotting contours

somewhat easier and efficient. However, in view of ththistory of contamination’

at Eniwetok I should doubt that there are many spots where this kind of

pattern can be expected. Instead one might expect that the pattern would

be sufficiently heterogeneousthat a “grid” pattern would give results that

look much like a random pattern. Thus the main advantage to a systematic

pattern would be ease of locating plots. This can be a distinct advantage,

but there are also some further disadvantages. One that concerns me is the

aforementioned evidence that the frequency distribution will be skewed. I

suspect that it will be important to have the best data we can get as to the

-of that distribution and such information ought to come from a random

set of sample points. The shape of the distribution becomes important, it

seems to me, if it becomes necessary to.make exact statements about the frac-

tion of the area (or volume) that will exceed a specified concentration. That

is’,suppose it is decided that concentrations of more than x picocuries per

gram must be ’tleaned up”. One then would like to be able to fit a theo-

retical curve and’use it to make probability statements about the fraction

of the area (volume) that exceeds x picocuries per gram. How one actually

goes about that cal~s for some more discussion, a topic we’ll return to

below. For the present, I only want to make the point that random sampling is

indicated.

The actual process of drawing a random sample has been discussed with

Ollie Lynch. We recommend that a rather fine grid~tsay, 50 foot intervals

be laid down on a map and numbered. The actual locations should then be

selected from a table of random numbers and plotted on the map. The order

in which the sample points are located should be recorded, so that any last

minute decisions to change sample size can be easily handled (i.e., by dropping

the last samples selected; or by adding moreif needed). The grid interval

can be sdected on practical grounds--i.e., how accurately it is assumed that

a particular location can be found by pacing. However, it is”wise to use

a finer grid than such considerations may indicate, and it is essential to leave

no ambiguity in instructions for field work--that is field crews should have

exact instructions as to distances and directions and be told to sample at the
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specified spots. It should also be understood that there is no purpose in

replacing or substituting sample locations. If there is some obstacle to

sampling at a specified location (e.g., a concrete pad) then that fact

should be recorded in the field and no sample taken. There are two grounds

for this point. One, the heterogeniety of concentrations is such that shifting

over a few feet prohibits calling the new location typical of the old, and,

two, that obstacles to sampling are important in clean-up considerations --

a chunk of concrete or a tree will offer problems, and the frequency of such

problems ought to be estimated from the survey. While it is sometimes

hard ~orfield workers to accept the policy of “no substitution”, I think it

is an important consideration and ought to be a ha;d and fast rule. If it

seems desirable, some extra allowance in sample size can be made to get

“enough” actual samples, but the statistical evidence is simply “no sample

point = no information” (or information of another kind, i.e., x%of the area

has obstacles of a Specified kind). If there is reason to treat certain

kinds of areas differently, then where possible, those areas ought to be set

up in advance as specified sampling units. In particular, disturbed areas

might fall into such a class.

The above procedure may need to be cleared up in telephone conversations

or other discussions. The essentials are to decide in advance what areas

are to be treatedas units, to set up maps of these units and to locate

sample points at random on those maps. Where several islands are to be

combined, the sampling should be at random over the group of islands, and

not limited to a fixed number per island. If, however, a decision is made

to fix the number of plots per island, we can handle this in the subsequent

analysis. You will pay a price for this in;:thesense of taking a some;~hat

larger sample than needed,for statements about islands as a group {or

by getting a wider confidence interval).

Double-sampling

The above proceeds as though wet-chemistry analyses for plutonium are to

be made for a

assuming that

readings by a

of statistic

1 samples. Very likely this is not practical, and we are

it may be possible to use a combination of wet chemistries and

Ge/Li (“Gelly”) detector. To do this within the limitations

ly acceptable practice calls for some finesse, and constitutes

the biggest source of worry for us in the entire survey. For one thing,

there are some technical points we’re not quite sure of, and these may take

a fair bit of time and effort to sort out. Obviously there may be places

where the Am/Pu ratio may be so variable as to make the technique unusable.
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Probably you can roughly identify those places in advance and proceed

accordirjly(i.e., more wet chemistries). Beyond that, the procedure should

be as follows: (1) Determine what areas are to be treated as single sampling

units [groups of islands, etc.). (2) Take a large random sample of soil

plots and collect the soils. (3) Determine Am concentrations by Ge/Li detec-

tor on all samples. (4) Take a random subsample of all soil samples for the

specified area and do wet chemistries on these. Our present thinking is that

this sample should be at least 30 wet chemistries for each area. That is,

if exact statements are to be made for some group of islands, or large

island (or single area), these should each be based on at least 30 wet chemis-

t~)s . I should expect that the southern islands (Phase I) could very

likely be combined for one set of wet chemistries. tlowever,if the soil

samples are all kept and are available, then it should be possible to pro-

vide some modifications of the scheme as the results of the first set of

wet chemistries become available--i.e., we start out with one set of

analyses and do more as study of the data indicates. Ollie provided us

with some advance data on the Phase 11A islands that indicates that the

method should work fairly well there (high correlation between Am and Pu).

Our recommendation is to take rather more samples for the “Gelly” scans

than the above criteria may indicate, since we-have based these rules

roughly on wet chemistries -- adding the double-sampling scheme will increase

the variability. However, it should cut processing costs a good deal, and

it seems prudent to take more samples than we think are needed and discard

them if it turns out we don’t need them--its much easier to collect them in

the first pass than to send crews back again!

Additional points

The question of finding “burial grounds” by sampling has been mentioned.

I should think that about all we can say in general is that one could guess

as to the size of a burial ground (width of a bulldozer blade, guess as to

length) and calculate that finding one by blind search is about equivalent to

the needle-in-a-haystack problem. No doubt there may be some surface clues,

etc., “which one could use to devise a scheme, but more information and some
/

.
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trials are needed if this is essential.

We are not very clear as to how to handle the problem of allocating

soil profiles. In “fallout” situations, one mostly wants to confirm that

the concentrfif.iondrops off exponentially, so it may be sufficient to take

some arbitrary n~mber of the random locations and do profiles there. If

the profiles are to be used in pr:.L&’.ility statements or in significance

tests, they should be randomly spread through the areas of interest. where

profiles are to figure in clean-up criteria, we probably will need to try

to design some specific plan. At present, we assume enough will be taken

to provide an initial notion of the situation for various islands and o

groups of islands. Obviously double-sampling should be useful in this case.

Again, we might take more than seem needed and decide on wet chemistries on

the basis of an initial set of analyses.

Thinking ahead to the prospect of an actual clean-up operation, it seems

to me that some experiments with compositing soil samples ought to be con-

sidered. My arguments are as follows: I -that it will be possible to

set up the criteria on a probability basis. That this is necessary follows

from the skewed nature of the frequency distributions. If these hold then

there will always be some probability that any given criterion will be

exceeded by a small (in some cases, vanishingly small) number of plots. One

possible scheme is to subdivide the area into j~ctangles (or squares) of a

size convenient for e.g., earth removal, and to take a sizable number of samples

from each such block in turn, and to combine these into several composites

and analyze the composites. If the mean of the composites exceeds a pre-

determined value, then the plot is slated for clean-up. Such a procedure,

perhaps using double-sampling, might reduce the number of samples that have

to be analyzed. The imnediate problem is that we know very little about the

behavior of the compositing operation, and I’d hesitate to actually propose

such a scheme witiloutsome data as to how well compositing works in practice.

I hope that the above discussion will give you some background as to

our notions of the statistical aspects. We recommend that the entire sampling

scheme be put together as soon as possible. Numbering the samples in order

of the draw will permit such changesas become necessary

conditions. If the whole scheme is laid out in advance,

in terms of field

there should then

.
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be a chance to review it unit by unit and suggest changes as needed to meet

various people’s judgement as to what is essential.

This letter has been written in haste, and may thus be ambiguous in

places. Please aon’t hesitate to call for clarification.

L. L. Eberhardt
Research Associate
Ecosystems

LLE:sac

cc: EM Douthett NVOO
P Dunaway NVOO
O Lynch Nvoo
RO Gilbert BNW
V Schultz WSU


