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Summary

Visual Sample Plan (VSP) is an easy-to-use visual and graphic software tool being developed to
select the right number and location of environmental samples so that the results of statistical tests
performed to provide input to environmental decisions have the required confidence and performance. It
is a significant help in implementing Steps 6 and 7 of the Data Quality Objectives (DQO) planning
process (“Specify Tolerable Limits on Decision Errors” and “Optimize the Design for Obtaining Data,”
respectively).

This report documents 1) the models (equations) in the VSP program that are used to compute
the approximate number of samples needed for an environmental sampling study; 2) the activities
conducted by Pacific Northwest National Laboratory (PNNL) to verify that those models are
scientifically sound and correctly programmed and implemented in VSP; and 3) an evaluation of the
nonstatistical user-interface aspect of the VSP program.

PNNL researchers performed this evaluation on Version 0.9H; needed corrections were
incorporated into Version 0.91.

This report first discusses

. the equations used in VSP to approximate the number of samples (sample size) needed for
statistical tests of hypotheses

. the testing conducted previously to verify the accuracy of VSP calculations of the sample size
needed to detect “hot spots” or of the probability of detecting “hot spots” for a specific number
of samples

. the assumptions that underlie each sample-size equation

. the technical basis and scientific source (peer-reviewed scientific papers, books) of each sample-
size equation

. the calculations conducted by hand and by an independent computer program, S-PLUS, to verify
the accurateness of the sample-size computations in VSP

. possible alternative methods for determining the number of samples that may be of interest for

future implementation within VSP.

The calculations of sample size conducted by hand as well as by S-PLUS confirmed that Version
0.9H of VSP was correctly and accurately computing sample sizes except for the one-sample test of
proportion when the null hypothesis was stated as “the site is clean.” The VSP code was modified to
correct this error for Version 0.91. Also, the method used in Version 0.9H for computing the two-sample
test of proportions was changed in Version 0.91 to be consistent with the corrected method for the one-
sample test of proportion. The only other significant problem identified was that, in some cases, Version
0.9H displayed an incorrectly drawn Decision Performance Goal Diagram (DPGD) for the MARSSIM
sign test and the Wilcoxon rank sum test. This problem also was corrected in Version 0.91.

In addition, this report discusses
. a series of steps to test the installation of VSP on various versions of the Windows operating

system
. verification tests of the import, export, and removal of random sampling locations
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. verification tests of five VSP drawing functions

. verification tests of the correspondence between values in selected VSP dialog boxes and the
Report View, Graph View, Map View, and Coordinates View

. documentation of algorithms to determine sampling location by regular simple random sampling,
adaptive-fill simple random sampling, and systematic grid sampling

. documentation of the two random number generators used in VSP

. the MATLAB code used to produced random test data

. the random test data used to check the correspondence of values in VSP dialog boxes and the

Report View, Graph View, Map View, and Coordinates View.

With regard to these tests of Version 0.91, all were conducted successfully. Occasional problems
with regard to the input of certain values for the two-sample t-test option were found in Version 0.9H.
Also, the DPGD graph subtitle for this option did not display the alpha and beta decision error rates.
Both problems were corrected in Version 0.91. Also corrected was a problem related to the removal of
sampling locations by the use of a comma-delimited ASCII text file of coordinate locations. Other
corrections were made for Version 0.91: the Total Cost calculation was applied consistently to all
options, and the DPGD graph for the Wilcoxon rank sum test was corrected for null hypothesis “Site is
Clean.”

Version 0.91 of VSP replaced Version 0.9H on the Internet on February 1, 2001. It is anticipated
that Version 0.91 will be converted directly into Version 1.0 upon completion of documentation
contained herein, the finalization of a users manual (under development), and external peer review
conducted by the U.S. Environmental Protection Agency (EPA).

v



Acknowledgments

The authors are pleased to acknowledge the following individuals in the Statistics Group at
Pacific Northwest National Laboratory for their important contributions to this report: Robert F. O’Brien
(Senior Research Scientist) for his thoughtful and independent review of the scientific basis of the
sample-size equations used in VSP; Derrick (Rick) J. Bates (Senior Research Scientist) and Nancy L.
Hassig (Staff Scientist) for their timely and helpful advice on planning and implementing this project and
for reviews of the draft report; and Andrea Currie, Lucille A. Walker and Mary H. Cliff for their
assistance in preparing the final report for publication.



Contents

SUMIMATY . . ottt et e e e e e e e e 111
Acknowledgments . . ... ... ..t \%
Abbreviations and ACTONYIMS . . . ..o\ttt ettt ettt e e e e e et 1X
L0 INtrodUCtiOn . . . . .ottt e e e 1.1
2.0 Visual Sample Plan Program OVerview ... ........ ... .ottt 2.1
3.0 Verification and Documentation of Statistical Methods and Computations .................. 3.1
3.1 Technical Basis of Sample-Size Equationsin VSP . ........ ... ... ... .. ... ..... 3.1
3.1.1 Comparing a Population to a Fixed Upper Limit ........................ 34
3.1.2 Comparing Two Populations . ............ ... .. ... 3.10
3.1.3 Looking for Areas of Elevated Concentrations (“Hot Spots™) ............. 3.15
3.2 Verification of VSP Computations and Outputs . ...............c.couvivrvnenn.. 3.16
3.2.1 Simple Random Sampling and Systematic Sampling .................... 3.16
3.2.2 Hot Spot Sampling . ... ..ot e e 3.19
3.2.3 Other VSP OUtpULS . .ottt e ettt 3.20
4.0 Verification and Documentation of Nonstatistical Portions of VSP ........................ 4.1
4.1 Installation Success for Various Computer Platforms . ............................ 4.1
4.2 Verification of File Import, Export, and Removal of Sampling Locations ............. 4.2
4.2.1 Import of Sampling Locations ............ ...t .. 4.2
4.2.2 Export of Sampling Locations . .......... ... .. .. .. i 4.2
4.2.3 Removal of Sampling Locations ........... ... ... ... ... 4.2
4.3 Verification of Drawing Functions ........... ... .. ... . ... 4.3
4.3.1 Polyline Drawing Function ............ .. .. ... ...t irnnnnn... 4.3
4.3.2 Rectangle Drawing Function . ............ .. .. ...ttt iririenennn... 4.3
4.3.3 Ellipse Drawing Function ............. .. .. ... ..., 4.3
4.3.4 Curve Drawing Function .............. ... i, 4.4
4.3.5 MARSSIM Room Drawing Function ................... .. ....ccov.... 4.4
4.4 Verification of Correspondence Between Dialog Box Values and Values in View Windows
.................................................................... 4.4
4.4.1 Dialog Box Values and Report View Values ........................... 4.5
4.4.2 Dialog Box Values and Graph View Values ............................ 4.6
4.4.3 Dialog Box Values and Map View Values ............................. 4.7
4.4.4 Dialog Box Values and Coordinate View Values ........................ 4.8
4.5 Documentation of Algorithms to Determine Sampling Locations ................... 4.8
4.5.1 Regular Simple Random Sampling Algorithm .......................... 4.8
4.5.2 Adaptive-Fill Simple Random Sampling Algorithm ...................... 4.9
4.5.3 Systematic Grid Sampling Algorithm ................................ 4.10
4.6 Documentation of Random Number Generators ................ ... .. cooion... 4.12
4.6.1 Pseudo-Random Number Generator ...................oueuienennon.. 4.12

vi



5.0 References ... ... oo 5.1
Appendix A Peer Review Comments on Sample-Size Equations in VSP

Appendix B Listing of MATLAB Code for Program Used To Verify Correspondence Between Dialog
Box Values and Values in View Windows

Appendix C Listing of Random Test Data for Verification of Correspondence Between Dialog Box
Values and Values in View Windows

vii



2.1.

3.1.

3.2.

3.3.

4.1.

4.2.

4.3.

44.

4.5.

VSP Quad Window Display .. ... 2.1
Tables
Some Common Notation Used in VSP Sample-Size Equations ........................... 3.2
Tests of VSP Code for Computing the Sample Size for the One-Sample t-Test . ........... 3.17
Hand Calculations to Test if VSP Code Accurately Computes Sample Sizes ............... 3.18
Successful Installations of VSP Version 0.91 . ... .. ... ... . 4.2
Tests of Report-View Values Compared with Dialog-Box Values ......................... 4.5
Tests of Graph-View Values Compared with Dialog-Box Values ......................... 4.6
Tests of Map-View Values Compared with Dialog-Box Values .......................... 4.7
Tests of Map-View Values Compared with Dialog-Box Values .......................... 4.8

viil



DQO
DPGD
DXF

EPA

GIS

GPS
MARSSIM
MQO
PNNL
VSP

WRS

Abbreviations and Acronyms
Data Quality Objectives
Decision Performance Goal Diagram
Data Exchange Format
U.S. Environmental Protection Agency
geographic information system
global positioning system
Multi-Agency Radiation Survey and Site Investigation Manual
Measurement Quality Objectives
Pacific Northwest National Laboratory
Visual Sample Plan

Wilcoxon rank sum

X



1.0 Introduction

Visual Sample Plan (VSP) is a software tool under development at the Pacific Northwest
National Laboratory (PNNL) for the U.S. Environmental Protection Agency (EPA). VSP will select the
right number and location of environmental samples so that the results of statistical tests performed to
provide input to environmental decisions have the required confidence and performance. Version 0.9H
of VSP provides sample-size equations or algorithms needed by specific statistical tests appropriate for
the following three environmental sampling scenarios:

. Comparing representative measurements from a defined geographical area to a fixed threshold
(upper limit) value.

. Comparing representative measurements from one defined geographical area with representative
measurements from another geographical area.

. Looking for areas of elevated concentration (“hot spots”) at a study site.

This report presents the equations and underlying assumptions used to compute the sample sizes
in Version 0.9H of VSP. It then documents the activities and quality checks conducted by PNNL

. to assess the technical and scientific basis of the sample-size equations used in Version 0.9H

. to verify that the sample-size equations are correctly programmed and implemented in the VSP
computer code

. to evaluate the correctness of the nonstatistical elements of the user interface and input/output
procedures.

The key features and capabilities of the VSP software tool are outlined and illustrated in Section
2. In Section 3, the statistical methods and computations underlying the program’s sample-size equations
are presented, followed by a description of how PNNL verified the scientific and technical soundness of
the equations and the extent to which they are implemented correctly in the VSP program. PNNL’s
evaluation of the nonstatistical components of VSP is documented in Section 4.
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2.0 Visual Sample Plan Program Overview

Visual Sample Plan (VSP) is easy to use and is highly visual and graphic. It is a significant help
in implementing the sixth and seventh steps of the Data Quality Objectives (DQO) planning process
(“Specify Tolerable Limits on Decision Errors” and “Optimize the Design for Obtaining Data,”
respectively). In particular, the program prompts the user to specify decision performance requirements
by constructing the Decision Performance Goal Diagram (DPGD) discussed in EPA (2000a). VSP is
designed primarily for project managers and users who are not statistical experts, although individuals
with statistical expertise also will find the program useful. VSP is applicable to any two-dimensional
geographical population to be sampled, including surface soil, a defined layer of subsurface soil, building
surfaces, water bodies, or other similar applications. The VSP user can display graphical outputs in the
“Quad Window” option, as shown in Figure 2.1.

After opening the VSP program, the user imports or constructs a visual map of the study site to
be sampled. Only simple techniques are needed for map import or construction. The study site may be
only a portion of a complex facility, the map of which has been imported into VSP (see Figure 2.1).

Yisual Sample Plan - Example1.vsp !Eﬂ

File Map Edit SamplingDesigns Advisor Tools Options View Window Help

DlcEla| || |4 - EEE e

D Examplel.vsp:1 !Elﬂ D Examplel.vsp:2 !Elu
Visual Sample Plan 1-Sample t-Test of Mean vs. Action Level
|[—2Example 1 — n=32, alpha=5%, beta=20%
1 7

= AL

n =
e ©
S 8
by Y4

eciding mes
gﬁ
i A

i
&

-3 ay o'cd
g8 g
sl

Probabilit;

e

|

T I
s T i

1 | [ True mean
o (o BED
Random sampling. Area Number 1 -

X Y X Y
There are 32 sample points
with a total cost of $16000.00 2389.87 1594.84 1979.43 2107.72
in 1 sample area 1158.54 1338.40 2082.04 1765.80
covering 2545688.00 square feet. 2492.48 227868 1671.59  1509.36
1NKK 02 2N27 24 2707 26 2440 4 l]
For Help, press F1 \Watch here for user input [X=3.53 Y=0.00

Figure 2.1. VSP Quad Window Display

Then, for the user-specified sampling objective, VSP leads the user through the quantitative steps of the
DQO process (Steps 6 and 7) so that VSP has the information needed to compute the recommended
minimum number of samples (sample size). Moreover, VSP contains a Measurements Quality
Objectives (MQO) module that enables the user to assess the cost and benefits of two alternative
analytical measurement protocols and permits an evaluation of the tradeoffs between taking more
samples or performing replicate analyses on each sample.
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The locations of the samples over the study site are determined by the specific sampling design
(pattern) selected in VSP by the user. Version 0.9H of VSP permits the user to select simple random
sampling, systematic sampling (using square, rectangular, or triangular spacing between locations), and
judgment sampling. VSP provides two types of random number generators for randomly selecting a
sampling location for the simple random sampling option: 1) a pseudo-random number generator, for
which each potential location has an equal and independent chance of being selected, and 2) a quasi-
random number generator (Press et al. 1992), for which locations are chosen to be somewhat more evenly
spaced than would be obtained using the pseudo-random number generator. Version 0.9H also enables
the user to add sample points to a current design either manually (subjectively) or using an automatic
algorithm called Adaptive Fill. The Adaptive Fill algorithm adds data points in such a way as to avoid
existing sampling locations.

VSP displays the sample locations determined by VSP on the site map for easy visualization (see
Figure 1, upper left corner). VSP also lists the geographical coordinates of the sample locations (see
Figure 1, lower right corner), which can be saved and exported as a Data Exchange Format (DXF) file for
use in a geographical information system (GIS) or global positioning system (GPS) software.

VSP also displays the DPGD specified by the user for determining the number of samples (see
Figure 1, upper right corner). The DPGD graphically shows the user-supplied acceptable probabilities of
making decision errors based on the data obtained using the sampling design and number of samples.
These probabilities are used by VSP to compute the number of samples needed. VSP also documents the
selected sampling pattern (random, systematic, or judgment), the minimum number of samples computed
by the program, and the total cost of sampling and measurements, as well as any relevant statements on
the probability that the selected sampling design will detect “hot spots” (see Figure 1, lower left corner).

The user has the option of using the MQO module, which is operational for most of the statistical
tests in Version 0.9H. The MQO module will compute the number of field samples required for a
specified analytical method when the user specifies the number (r=1, 2, or 3) of replicate analyses
being considered, the variability in the data due to only the analytical measurement process in the
laboratory, and the variability due to sampling and all other sources of variability prior to the analytical
measurement process. The user is asked to also specify the “overhead” costs (e.g., costs of planning and
quality assurance), field collection cost per sample, and analytical measurement process cost per aliquot.

The user has the option of supplying analytical measurement process cost and variability
information for an alternative type of analytical measurement process method that the VSP user has
indicated is also available. In that case, VSP will compute the number of field samples and the total
costs of the two sampling and analytical programs, both of which will achieve the performance
requirements specified in the DPGD. This permits the user to select the most economical measurement
method that achieves the DPGD goals (DQOs).
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3.0 Verification and Documentation of Statistical Methods and
Computations

The activities conducted in evaluating the statistical methods and computations contained within
Version 0.9H of the VSP code are documented in this section.

To assess the scientific basis of the sample-size equations in VSP, PNNL used two criteria:

. Were the sample-size equations used published in peer-reviewed scientific publications?
. Did the EPA or other government or regulatory agency publications and guidance documents
recommend the sample-size equations for environmental applications?

Although alternative methods are available for determining the number of samples, conducting
the necessary computer simulation studies needed to demonstrate their advantages and disadvantages was
beyond the scope of PNNL’s project. The current methods in VSP are valid for the assumptions used in
their mathematical derivation. These assumptions are documented for each statistical test discussed in
Section 3.1. The user of Version 0.9H (and the updated Version 0.91) of VSP must determine if the
assumptions are reasonable for the site of interest and seek help from a statistical expert if assumptions
are seriously violated.

To verify that the equations were programmed correctly, the number of samples computed using
the sample-size equations in VSP were compared with hand calculations as well as those obtained by an
independent exercise of the equations using a constructed S-PLUS ® computer code. This verification
activity is discussed in Section 3.2.1.

The correctness of the VSP calculations for determining the number of samples needed to detect
hot spots was checked, as discussed in Section 3.2.2. Also, the correctness of the DPGDs and all other
outputs provided by VSP for each sample-size equation were checked, as discussed in Section 3.2.3.

3.1 Technical Basis of Sample-Size Equations in VSP

Each of the following subsections corresponds to one of the three sampling scenarios listed in
Section 1.0. Within each subsection, PNNL’s findings regarding the VSP sample-size equations or
methods used to obtain the sample size are provided, along with scientific references that document their
derivation and use. The notation used in the equations is defined in Table 3.1.

For the MQO modules, we assume a two-component additive variance model such that the total
random statistical variance can be expressed as the sum of the sampling variance and the analytical
variance. In reality, there are many components of error/uncertainty that affect both the sampling and
analytical variance. Our intent in VSP is to define any random variations that could occur due to

2

activities outside the analytical laboratory as sampling variations, estimated as S sample >

and any random

® S-PLUS is a registered trademark of the Insightful Corporation, Seattle, Washington.
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variations that could occur within the analytical laboratory as analytical variance , estimated as Sjna Ivtical *

Sampling variations could include variations due to spatial differences, sample handling, field
sampling methods and instruments, or field activities or other similar activities occurring outside the
analytical laboratory. Analytical variations are variations that can be observed among r different portions
of the field sample that undergo separate analytical treatment in the laboratory. Thus analytical

2

analytical » MAY include variations due to sample preparation, dilution, fusion, sample

variations,

splitting, calibration, measurement, or instrument variations or similar variations that are associated with
the analytical laboratory. In VSP, it is assumed that the entire analytical process in the laboratory, from
sample aliquoting and preparation through instrument measurements, is repeated for each of the r
portions of the field sample. The VSP MQO options are applicable to any two-component variance
model as long as the definitions of the r different portions of the field sample and the estimated

2

analytical ) are consistent with that variance model. The VSP MQO options can be

analytical variance (.S

2

used when the estimated analytical variance (S, Iytica

;) supplied by the VSP user includes only those

parts of the total variance that are added during the analytical process applied to each of the r portions of
the field sample.

Table 3.1. Some Common Notation Used in VSP Sample-Size Equations

Notation Description

n the minimum recommended number of samples that should be collected from a site, as
computed using one of the sample-size equations in VSP

r the number of measurements (analytical replicates) that will be obtained for each field sample

o the probability that the VSP user specifies willingness to tolerate that a Type I decision error
will be made, i.e., that the data collected and used in the appropriate statistical test will falsely
reject the null hypothesis. For example, if the null hypothesis is “the mean concentration at the
site exceeds the action limit,” then a is the probability the VSP user can tolerate that the
statistical test computed using the n data will incorrectly indicate that the mean concentration
does not exceed the action limit, in short, calling a dirty site clean.

B the probability the VSP user specifies willingness to tolerate that a Type II decision error will be
made, i.e., that the data collected and used in the appropriate statistical test will falsely accept
the null hypothesis. For example, if the null hypothesis is that the mean concentration at the site
exceeds the action limit, then P is the probability the VSP user can tolerate that the statistical test
computed using the n data will falsely indicate the mean concentration does exceed the action
limit, in short, calling a clean site dirty.
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Table 3.1. Common Notation (contd.)

Notation

Description

A

the width of the “gray region” in the Decision Performance Goal Diagram (DPGD) used in the
DQO process (EPA 1994) and in VSP. For example, if the sampling objective is to compare the
true mean of the site to the true mean of a background area, then A is the difference between the
true site mean and the true background mean that the VSP user specifies is important to detect

with (high) probability 1 - ﬁ Similarly, if the objective is to compare the mean of the site to a

fixed action limit, then A is the difference between the true mean and the action limit that is
important to detect with (high) probability 1 - ﬂ

total

the true “total variance” of the population of all possible measurements made on all possible
samples collected from the study site. The model of the true total variance used in Version 0.9H

of VSPis 0> 2

2 2 ) .
woral = O s ample T O cnatvticar s Where O aniicqr s the true variance

2
sample

component due to the analytical measurement process in the laboratory and O is the

true variance component due to all other sources of variation, including variations in true
concentrations at different study site locations and the variance added due to selecting,
collecting, and transporting samples to the laboratory.

total

2
total *

i (5 =)
2 i=1

total — n—1

the computed estimate of the true total variance, O If r = 1for all n field samples, then the

quantity s>

w18 cOmputed as S

where X ; is the measurement

obtained for a single aliquot extracted from the i field sample and X is the arithmetic mean of

the n representative measurements, X; .

sample

. . . . 2
an estimate of the total variance of the data X; that would be obtained if O cnatyticar =0

2
analytical

an estimate of the total variance of the data X, that would be obtained if the only variability in

the data were due to the analytical process, i.e., if Sfump e =0

Loy

the value of the Student’s t-distribution with df degrees of freedom. By definition, the
proportion of the distribution to the left of the value ¢ o df is 1-a . A table of the values of

t o df is found in most statistics books, e.g., Gilbert (1987, Table A2).
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Table 3.1. Common Notation (contd.)

Notation Description

the value from the standard normal distribution for which the proportion of the distribution to
—o the left of Zl— o 18 1-0. A table of the values of Zl_ o
Gilbert (1987, Table Al). If the selected probability of a false rejection, a, is made smaller, then

Zl

is found in most statistics books, e.g.,

1- o will be larger and Zl— o Will be larger, leading to larger sample sizes. If the null hypothesis
is that concentrations at the site exceed the action limit, i.e., that the site is “dirty,” then
Z -

desire to avoid deciding a dirty site is clean.

can be thought of as an index number whose magnitude quantifies the strength of our

the value of the standard normal distribution for which the proportion of the distribution to the

left of Zl_ B is 1-B. If the selected probability of a false acceptance, 3, is made smaller, then 1-
B and Zl— B will be larger, leading to larger sample sizes. If the null hypothesis is that

concentrations at the site exceed the action limit, i.e., that the site is “dirty,” then Zl— p can be

thought of as an index number whose magnitude quantifies the strength of our desire to avoid
deciding a clean site is dirty.

the cumulative standard normal distribution function, i.e.,

®(z) :
1.2
® (Z) = ﬁ je > dx . Atable of @ (2) values is provided in most statistics books,

—oco

e.g., Gilbert (1987, Table Al).

3.1.1 Comparing a Population to a Fixed Upper Limit

Suppose a VSP user wants to determine the number of samples, n, that should be collected in
order to decide if the true average concentration exceeds a specified risk-based or regulatory-based upper
limit. For this situation, VSP provides several different equations for computing the number of samples,
n, given that the VSP user has specified the number of analytical replicates, r, that will be made for each
field sample.

The equation selected for computing the number of samples to decide if the true average exceeds
the fixed standard depends on whether the VSP user is going to use the measurements in a “one-sample”
t- test, a Wilcoxon signed ranks test, the one-sample test for proportions, the Sign test (the “MARSSIM
Sign test”), or will compute a confidence interval for the mean. The sample-size equation for each test is
provided below, along with the assumptions that underlie the use of that test. An assumption common to
all tests is that the measurements at different locations are not correlated.

One-Sample t-Test

The one-sample t-test can be used to test if the true mean of the study-site population of interest
exceeds a fixed upper limit. The equation used in VSP to compute the minimum recommended number
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of samples, n, needed for the test when the VSP user specifies that only r = 1 analytical replicate from
each sample will be made is

2 2
s N\, +Z
y = _total ( 1—22 1-5 ) +0. 5212—05 (3.1

However, if the MQO module in VSP is used, in which case r =1, 2, or 3 analytical replicates of
each field sample can be made, then the equation used in VSP to compute n is

2
S

2 analytical
St + N2 +7,,f

sample

n= - +0.5Z7, (3.2)

The notation used in Equations (3.1) and (3.2) is defined in Table 3.1. These equations are computed

using the values of @ , B, A ,r, s S

sample °

rotal * and Sananricar that are specified by the VSP user.

The assumptions that underlie the derivation of Equation (3.1) are that the data are normally
distributed and representative of the study site and are not spatially or temporally correlated, and that

— 2 2
X — ks, is normally distributed with mean {1 — ko and variance (%-)(1+ %), where k is a given

constant (Guenther 1981). The derivation of Equation (3.1) is found in Wallis (1947), Guenther (1977),
EPA (2000a, Appendix A) and EPA (1992, pp. F-8, F-9, and F-10). Equation (3.1) is used in the
statistics book by Bowen and Bennett (1988, pp. 155, 156) and in EPA (2000a), EPA (1994b, p. 21), and
EPA (2000b, pp. 3-7).

Guenther (1981) indicates that although Equation (3.1) is an approximation to the true minimum
sample size required for the one-sample t-test, Equation (3.1) usually yields the exact solution for n. The
exact solution is obtained using an iterative approach using tables of the non-central t distribution found
in Owen (1965).

Equation (3.2) also should provide a very accurate approximation of n for a specified r value
because it is a straightforward extension of Equation (3.1) to the case of r > 1 analytical replicates for
each field sample. For this case, it is easily shown that the total variance is estimated by computing

2
2 2 S analytical

Slotal =S

sample

r

If this equation for Stzot . 18 inserted in Equation (3.1), then Equation (3.2) is obtained.
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Methods other than Equations (3.1) and (3.2) have been proposed also for approximating n for
the one-sample t-test. For example, Desu and Raghavarao (1990, p. 10) give a two-stage t-test procedure.
Also, a PNNL statistician who peer-reviewed VSP for this project suggests that an iterative approach
using the t distribution to determine n should be considered when n computed using Equation (3.1) is
small (see the first comment in Appendix A). However, these alternative methods for determining n, as
well as the exact method mentioned above, have not been studied and compared with Equations (3.1) and
(3.2). A computer simulation study to examine this issue is being considered as part of the future
development of VSP.

Wilcoxon Signed Ranks Test

The Wilcoxon signed ranks test can be used to test whether the true median or mean of the study-
site population exceeds a fixed upper limit. The assumptions needed for this test are that the data are
representative of the study site, are not spatially or temporally correlated, and have a symmetric (but not
necessarily normal) distribution. Note that the test applies to either the mean or median because those
two population parameters are identical when the population of measurements has a symmetric
distribution.

The equation used in VSP to compute a lower bound on the number of samples, n, needed for the

test when the VSP user specifies that only r = 1 analytical replicates from each field sample will be
obtained is

n=1.16

2
S total (Zl—a + Zl—ﬂ )Z
o - +0.522, | . (3.3)

which is used in Guidance for Data Quality Assessment (EPA 2000b, pp. 3-12).

If the MQO module for this test is used, in which case r =1, 2, or 3 can be used, then the
equation for n used in VSP is

2
S2 + Sanalytical Zl_a + Zl_ﬁ )2
r

sample
n=1.16 y +0.5Z;, (3.4)

Note that Equation (3.3) is identical to Equation (3.1) and Equation (3.4) is identical to Equation
(3.2) except for the 1.16 multiplier. Hence, n computed by VSP for the Wilcoxon signed ranks test is
always 1.16 times larger than the n computed for the one-sample t-test using Equation (3.1). The
constant 1.16 is used because it is known (see, e.g., Conover 1980, p. 291) that the Wilcoxon signed rank

test will require no more than 1.16 times as many samples as the t-test to achieve the & and ﬁ decision

error rate test performance specifications provided by the VSP user if the two symmetric population
distributions are identical except for a difference in means.
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Noether (1987, Section 2.2) developed an alternative to Equation (3.3) for computing n needed
for the Wilcoxon signed ranks test. His method does not require that the data have a symmetric
distribution. The assumptions that underlie his method are that the data are representative of the
underlying population, the data are not correlated, and the computed Wilcoxon signed ranks test statistic
(the quantity computed using the data to make the test) is approximately normally distributed. Noether
(1987) indicates that the value of n computed using his method should achieve the performance

requirements for the test (as specified by & and ﬁ ) unless the computed n is “quite small.”

The authors of this report are not aware of any studies that assess how well values of n computed
using Noether’s method result in the attainment of & and ,B test performance requirements. PNNL

researchers are considering a computer simulation study to examine whether Equation (3.3) or Noether’s
equation should be used in VSP. Also, further study may be necessary to develop a Noether-type
equation that would be used in place of Equation (3.4) when more than one analysis per sample is
desired.

One-Sample Test for Proportions

The one-sample test for proportions which is discussed in EPA (2000b, pp. 3-18, 3-19, 3-20),
evaluates whether the true proportion of the population of measurements that exceeds some concentration
limit is greater than a specified fixed (standard) proportion. The assumptions needed for the test are that
the data are representative and noncorrelated. The test is valid regardless of the shape of the data
distribution. Hence, the data need not be normally distributed.

The equation used in VSP to compute the approximate number of samples required for the test
when the VSP user specifies that only r = 1 analytical replicate of each field sample will be measured is

[Zl—oe\/Po(l_Po)"'Zl—ﬁ\/Pl(l_Pl)]2

n= (3.5)
(Pl - Po )2

where £, is the fixed (standard) proportion and £, is a specified value of the proportion different from
Po that the VSP user indicates is important for the test to detect with probability 1— ﬁ . VSP asks the
user to specify F, and A, where A is the absolute value of B - F,,i.e., the positive difference
between P, and £ (the width of the “gray region”). Once [ and A are specified, then VSP
computes P . VSP computes P, as F, = F, - A if the VSP user specifies the null hypothesis to be
“site does not meet the standard,” whereas VSP computes P} as F, = B+ A if the null hypothesis is

“the site meets the standard.” This difference in the way P1 is computed can result in different sample
sizes, depending on the null hypothesis selected.

No MQO module is provided in Version 0.9H of VSP for the one-sample test of proportions.
Hence, no equations analogous to Equations (3.2) and (3.4) are available for this test.
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Equation (3.5) is derived in Bowen and Bennett (1988, p. 190) and used in EPA (2000b, p. 3-19),
EPA (1992, p. 5-40), and EPA (1989, p. 7-6). Desu and Raghavarao (1990, p. 16) compute n using a
more complicated approximate formula. Equation (3.5) was used in VSP because it is simpler, easier to
understand, and is used in EPA guidance documents. We are not aware of any study that indicates the
method in Desu and Raghavarao (1990) is more accurate. Computer simulations to make this evaluation
are being considered as part of the further development of VSP.

Sign Test (MARSSIM Sign Test)

The sign test can be used to test whether the true median concentration of the population being
sampled exceeds a fixed upper limit value. The formula used to compute the approximate number of
samples, n, needed for the sign test when only r = 1 analytical replicates per field sample will be obtained
is given in the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) (EPA 1997,
p. 5-33):

(Zl—a + Zl—ﬁ )2
4(SignP —0.50)°

n=1.20 (3.6)

where
A
SighP = ®| — (3.7)

S total

Equation (3.7) is derived in Gogolak, Powers, and Huffert (1997, pp. 9-3 and 9-7).

VSP denotes the sign test as the MARSSIM sign test to signify that Equation (3.6) is taken from
the MARSSIM document (EPA 1997). The function ® (defined in Table 3.1) denotes the cumulative
distribution function of the standard normal distribution (a normal distribution with mean zero and

_A
Stotal

standard deviation 1). Hence, by definition, d ( ) is the fraction of the bell-shaped standard normal

£ Note that =2—> 0 because A , the width of

Stotal * Stotal

distribution that is less than or equal to the value of

_A

Stotal

the gray region in the DPGD, must be greater than zero. VSP computes Sign P = D ( ) using the

A

Stotal

value of specified by the VSP user. We note that the MARSSIM document (EPA 1997, Table 5.4,

p. 5-32) provides values of Sign P for some values of )Am, between 0.1 and 3.0.

Sto

If the VSP user makes use of the MQO module, in which case r =1, 2, or 3 analytical replicates
per field sample will be obtained, then
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2

2 S analytical

SignP =@

T (3.8)

sample

r

Equation (3.6) is based on the formula for n proposed by Noether (1987, Section 2.1) for the sign
test. His equation for n is identical to Equation (3.6) except that Noether used the constant 1.00 in place
of 1.20. The assumptions that underlie Noether’s equation are that the da