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July 23, 1996

Mr. Ken Kalman, Project Manager
Low-Level Waste and Decommissioning Projects Branch
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Ref: Docket No. 70-925; License No. SNM-928

Dear Ken:

Please find attached a technical paper describing the statistical "Critical Value Determination" as
discussed in recent months and agreed during our meeting with NRC on June 26, 1996, that we
would send to you. Cimarron Corporation developed this information in an attempt to provide a
more accurate methodology to the NRC staff for determining "Critical Value."

Please feel free to contact me or Joe Kegin if there are any additional questions or concerns about
this matter.

Regards,

4JesLrsen
Vice President
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cc: John Stauter

Joe Kegin
Karen Morgan
Mary Jane Lauderdale
Steve Marshall - Chase Environmental Group
Dick Meserve - Covington & Burling
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Cimarron Corporation

Discussion of Background Soil Sampling and Critical Value

Introduction

There have been numerous inquiries from the NRC regarding the calculation of a "Critical Value"

for concentrations of uranium and thorium in soils at the Cimarron Facility. The critical value has

been emphasized by the NRC as a useful decision tool for determining the significance of sample

results which exceed the average site background concentration for uranium and thorium.

In discussions with the NRC, Cimarron personnel and contractors have stressed the importance

of recognizing all significant contributors to the statistical variability of background. There has

been general agreement that the observed variability in background concentrations is due to both

counting variability (i.e., random decay of the sample) as well as from spatial variability (i.e.,

differences in sample concentration due to sampling location). The issue is particularly important

in light of the NRC's desire to establish a single value for background, rather than a range of

values. The methods proposed in this document incorporate and emphasize the importance of

considering the spatial variability and provide a means for quantifying this variability with respect

to concentrations of total uranium and total thorium in background soils. The selection of

sampling locations is discussed, followed by a proposed method for calculation of the critical value

which is based upon a statistical model. This document also addresses specific comments from

NRC staff (i.e., justification of the confidence limit and power analysis).

Discussion of Background Sampling Locations and Rationale

The selection of locations for background soil sampling was based upon information pertaining to

operational and decommissioning activities performed at the site as well as meteorological

information. Selected locations were not expected to be affected from operations. Sampling

results indicate that the samples contain concentrations of total uranium and thorium which are

consistent with background. Further discussion of the selection of sampling locations and the

results from these samples have been previously submitted in the response to NRC comments on

the South Uranium Yard Decontamination (letter dated June 21, 1995 from Mr. Jess Larsen to Mr.

Michael F. Weber, NRC).
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Selection of Statistical Model

Sampling was conducted using a 2-stage design. First, the site border area that had been

previously determined to be suitable for background sampling was divided into a series of 18

clusters as shown in Figure 1. Eleven of the 18 clusters were then randomly selected. Within

each of the clusters, an initial starting point was selected as well as a grid measure (e.g., sampling

grid size). Thus, the first stage of the sampling was to randomly select the clusters. The second

stage was to systematically select sample points from within each cluster. The sampling points

within each cluster are also shown in Figure 1. Table 1 summarizes the 2-stage design process

and provides information regarding the sampling grid size for each cluster and the number of

samples collected within each cluster.

TABLE 1

2-STAGE SAMPLING PATTERN

Cluster Cluster Grid Size Total Points in Sampled Points

Location Number (meters) Cluster in Cluster

West 1 50 6 0

West 2 50 6 0

West 3 50 6 2

West 4 5 60 7

West 5 50 6 2

West 6 50 4 0

West 7 50 4 2

West 8 50 6 2

West 9 50 6 0

East 10 50 6 0

East 11 50 4 2

East 12 50 3 0

East 13 50 6 2

East 14 50 6 2

East 15 5 60 6

East 16 50 6 2

East 17 50 4 1

East 18 50 6 0
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Based upon the 2-stage design for the background sampling, the formula for variability must

account for both variability between observations and for variability between clusters. In addition,

there is no reason to believe that sampling at random spots within the selected areas would

significantly alter the outcome. Therefore, the variability can be computed in the format of a

random sample. The reference for the formulas presented in this section is Sampling, Chapter

13, by Steven K. Thompson (Wiley Interscience, New York, 1992).

Model Development

For the 2-stage design, the clusters represent the primary units. The model assumes that there

are N total clusters possible along the border, and that the concentration of total uranium and total

thorium is normally distributed within each cluster. The sampling locations within the clusters

represent the secondary units. The model assumes that there are M total secondary units within

the cluster population.

To summarize the relevant information:

* Sampling was performed in a 2-stage design.

* The clusters represent primary units.

* The border can be partitioned into N primary units.

* The cluster population can be partitioned into M secondary units.

* The total uranium and total thorium concentrations within each cluster are assumed to

be distributed normally.

Let Mi represent the total possible secondary units within the ith cluster. Let yq denote the value of

the observation for the jth secondary unit in the ith cluster. Therefore, y, is the total of all possible

values in the ith cluster, as follows:

M.

Yi = iYu
j=m

The mean secondary unit in the I' cluster, u,, is: u1i = YlA~i/ .
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The population total, r, is obtained by summing first across the secondary units followed by

summation across the primary units, as follows:

N

Y

M.

=y1

The mean per cluster, u', is equal to the total sum divided by the number of clusters.

The mean per secondary unit, u, is equal to the total sum divided by the total number of

secondary units in the population.

U /M

N
where the total number of secondary units in the population, M Mi

i=1

Assume that both stages use simple random sampling (Note: the second stage could be

systematic with no change in outcome). Therefore, the sum of values sampled in the ith primary

unit (with the proportion Mi/m, to estimate the total value in the ith unit), is equal to:

i -- Mi I YU =Miji

mi j=l

The estimate of the average in the ith primary unit is:
Mni

M-Z yi
./=1

where m; = number of observations chosen in the 1h primary unit.

The estimate of the total (sum of the values chosen proportional to N/n) is:
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i=1

where: n = number of clusters chosen.

The variance of the total is the sum of the variance within clusters plus the variance across

clusters.

N N CY .2
var(f) N(N -n) "•+-"• Mi(M, - mi)

n j=1 mi

NOTE: N(N-n) and Mi(M-m,) are the finite population factors.

2 
N

2y (y, _ [L,)2
0"-N-1 j=1

C =y 1 2)jz (y#i-ui) 2  i=1,.. N

The estimate of the variance of the total is calculated by:

ar(f) =N(N- n)S + E M (M' -g)s N-

n n j=1  mi

where s, 2, si2, and fi' are the standard estimates, as follows:

2 n 1 n

, - f) j=1
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inýr= I ,.
n =

Power Analysis (Standard Computation of Power)

Terminology:

Effect Size: The degree to which the phenomenon is present in the population. Also the degree to

which the null hypothesis is false. Under the null hypothesis, the effect size is zero. It is positive

under the alternate hypothesis. The larger the effect size, the greater the power.

Power: The probability of accepting the null hypothesis when it is true.

Parameters to consider:

n: Sample size

ES: effect size

1-P3: power

a: level of significance

Three of the four parameters must be specified. The fourth one can then calculated. In this

situation, we can consider several options with respect to the values of the parameters.

For the standard t-test, utilizing 30 data values, the following power levels can be computed given

small, medium, and large effect sizes as well as differing values for significance:

Effect Size a=0,01 a=0.05 co=0.10

0.25 0.085 0.25 0.375

0.50 0.32 0.61 0.74

0.75 0.685 0.885 0.94
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Reference:

Cohen, Jacob, Statistical Power Analysis for the Behavioral Sciences, Second Edition, Lawrence

Erlbaum Associates, Hillsdale, New Jersey, 1988

"The frequently selected sample size of 30 does not provide adequate power at the conventional

(x=0.05 level of significance. Only when a large effect size can be anticipated for n=30 at cx=0.05 is

the power as high as most investigators would wish." (Cohen, 1988, p 41)

To have a = 0.05 and p = 0.05, the effect size is equal to 1.00 (i.e., 100% of the variance) when

the sample size is limited to 30.

Power Analysis (2-stage Design)

As simple random study was not available, a 2-stage sampling process was utilized. Therefore,

power, as well as variability must be computed using non-standard methodology. There is no

specific procedure for computing power for a test of means using a 2-stage clustering procedure.

Upon examination of Math Reviews from 1940-1996 using MathSciNet, with the keywords of
"power", "inference" and "cluster sampling", no appropriate research literature was found.

Therefore, what must be examined is the nature of the process itself. The total variance is equal

to the sum of the variability from differences in clusters and the variability from the differences

between points within clusters. The total variance was then utilized to compute the standard error.

This is exactly what is performed when computing the variability for a 2-way ANOVA design.

Therefore, the methodology for computing power would more properly be taken from the ANOVA

procedure. To quote from Cohen [1988, p281]:

"Now consider that the populations are combined into a single 'superpopulation' whose mean is m

(the mean of the population mi's when the populations are considered equally numerous;

otherwise, their mean when each mi is weighted by its population size). The variance of the
'superpopulation,' or total variance is larger than the within-population variance because it is

augmented by the variance of the constituent population means. It is simply the sum of these two

variances."

In this case, the effect size, ES, is defined in terms of the ratio of the variances between clusters

divided by the overall variability. Standard procedure is to deal with small effect sizes of ES=0.10,
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medium of ES=0.25, and large of ES=0.50. Since there are 11 difference clusters, the numerator

degrees of freedom is equal to ten. Using the tables as provided in Cohen, the power is equal to:

Effect Size a=0.01 az=0.05

0.10 0.06 0.18

0.25 0.73 0.89

0.50 0.99 0.99

Therefore, the cluster sampling increases power over that of the simple random sample.

With an effect size of 0.50, the 99 percent confidence interval can be used.

Critical Value Determination

The critical value as determined at the 99% upper limit is 2.326 times the standard deviation,

calculated as follows:

CriticalValue (99'h percentile) = 2.326Nx Jar(i)

where: N = the total number of clusters (for the given sampling design, N=1 8);

p = the average number of points chosen for sampling per cluster sampled

(for the given sampling design, p = 30/11 = 2.7 points per cluster).

Justification of Confidence Limit

References on the robustness of the t-test to deviations from normality:

1. Scheffe, H. (1959), The Analysis of Variance, New York: Wiley, Chapter 10.

2. Cohen, J, (1965), Some Statistical Issues in Psychological Research, In B.B. Wolman

(Ed.), Handbook of Clinical Psychology, New York: McGraw-Hill, pp95-121.
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The population sampled was finite. Therefore, the computation of the confidence interval must

also take into consideration the 2-stage procedure. The first confidence limit is computed on the

average cluster value. There were 18 clusters total with 11 clusters sampled.

Application of the Shapiro-Wilkes test of normality to the averages for the 11 sampled clusters in

the data set resulted in a p-value equal to 18%. Therefore, with no evidence to the contrary, a

standard confidence interval can be computed:

The X in this case is the cluster average, and sc is the estimated standard deviation for each

cluster. The value sc is equal to the estimated total variability divided by the number of clusters.

To reduce this value to the point average, the average spread within each cluster must then be

computed. First, to determine if the assumption of normality is feasible, the residuals are

investigated after grouping each datum value within each cluster. In this case, testing for normality

yields a p-value of 48 %. Therefore, the average spread per point is equal to sc divided by the

average number of points per cluster, which in this case is equal to 2.7.

Reference: Hedayat, A.S. and Sinha; B.K. (1991), Design and Inference in Finite Population

Sampling, Wiley-lnterscience: New York.

Note that no non-parametric estimator can be applied to this 2-stage procedure since

nonparametric inference does make the assumption that the data are collected from a simple

random sample. Although the kernel density estimator can be used for dependent data, the

assumption is still made that the data are from a stationary distribution, which again is not true of

the 2-stage sampling procedure. However, non-parametric tests are unnecessary since the

assumption of normality is not violated in the 2-stage procedure, although it would be if the 2-

stage procedure were ignored.

Conclusion

Background soil sampling for the purpose of determining total uranium and total thorium

concentrations was performed using a 2-stage design. A statistical model has been developed to

evaluate the expected variability of background soil sample concentrations. The model
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incorporates sample variability with respect to differences between clusters and sampling

locations within clusters. Justification has been provided with respect to the power of the

sampling and statistical methods, and confidence limits. Finally, the results from the statistical

model are used to calculate a critical value. The critical value provides an upper bound for the

normal distribution and can be used to determine when a single sample result may require

additional evaluation.
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